
​ Increasing consumption of self-generated energy (NL) | Technical Appendix 

Increasing consumption of self-generated energy via Solar 
Efficiency Score Campaign (Eneco, The Netherlands) 
Trial report (last revised 2nd June 2026) 

Executive summary 

This report presents findings from a large-scale field trial conducted with Eneco to evaluate 
whether personalised feedback delivered via a solar efficiency calculator and follow-up 
communications can influence electricity consumption and feed-in behaviour among 
households with solar panels, with the goal of improving grid stability. We find that: 

●​ Personalised feedback drives modest reductions in peak electricity 
consumption.​
Households invited to use the solar efficiency calculator reduced weekday evening 
peak consumption by approximately 1.5–1.6%, with effects concentrated in the 
16:00–20:00 and 17:00–19:00 windows. 

●​ Effects emerge quickly but are time-limited.​
Reductions in peak consumption appeared immediately following the intervention, 
were strongest during the initial four months and diminished to statistical 
insignificance by month 5 of the intervention. 

●​ No evidence of rebound or load shifting to other periods.​
Reductions in evening peak usage were not offset by increased consumption at other 
times of day, and overall daily electricity consumption remained broadly unchanged. 

●​ Engagement levels were moderate but limited overall impact.​
Around 18% of invited households interacted with the calculator and ~10% 
subscribed to follow-up newsletters. As a result, overall intent-to-treat effects were 
modest due to partial uptake. 

●​ Substantially larger effects among engaged users.​
Households that actively used the calculator reduced evening peak consumption by 
approximately 9–10%, indicating strong behavioural response among engaged 
participants. 

●​ Clear heterogeneity in response across customer segments.​
Reductions were largest among households with low baseline feed-in and 
high-consumption households without heat pumps, while households with heat 
pumps showed limited responsiveness. 

●​ Feed-in effects are inconclusive and not causally robust.​
While some estimates suggest increased feed-in following the intervention, results 
are sensitive to methodology and violate key identification assumptions, limiting 
confidence in these findings. 

Overall, the findings indicate that personalised feedback tools can modestly reduce peak 
electricity demand among solar households, particularly when users actively engage. 
However, achieving meaningful system-level benefits will require higher engagement rates 
and more targeted intervention strategies. 
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1.​ Trial objectives 

Maintaining grid stability—the ability of the electricity system to keep supply and demand 
balanced in real time—has become increasingly challenging as renewable energy 
generation expands. In particular, the growing adoption of distributed generation, such as 
rooftop solar panels, can complicate grid management. Solar panel output varies seasonally 
and within the day, and is particularly high during daylight hours, when system supply is 
often already elevated. Residential households with solar panels may therefore contribute to 
grid imbalances and system costs if they feed excess energy back into the grid during these 
periods of high production. 

Conversely, solar households can support grid stability if they increase their 
self-consumption, meaning they use more of their own solar generation at home rather than 
exporting it to the grid. Households can shift appliance use to periods of high solar 
production (thereby reducing feed-in) and reduce electricity consumption from the grid during 
peak hours. In this trial, peak hours were defined as weekdays 07:00-09:00 and 
16:00-20:00, with a particular focus on the narrow evening peak (17:00-19:00). 

To test whether personalised feedback can encourage these self-consumption behaviours, 
we partnered with Eneco to develop an online solar efficiency calculator. The calculator 
provided residential households with a personalised, up-to-date solar efficiency score, based 
on their feed-in and their solar panel count. Additionally, the tool offered households to opt in 
to a periodic newsletter with practical tips to increase self-consumption, aimed at reducing 
feed-in to the grid and lowering peak-hour electricity consumption from the grid. The main 
research questions that the trial aimed to answer are as follows: 

RQ1 (Intent-to-treat): Does merely receiving an email invitation to use the solar efficiency 
calculator lead to reduced feed-in to the grid and lower electricity consumption from the grid 
during peak hours (specifically morning peak 07:00-09:00, narrow evening peak 
17:00-19:00, and wide evening peak 16:00-20:00)? 

RQ2 (Intent-to-treat heterogeneity): Do the effects of being invited to use the calculator 
vary by households’ baseline characteristics, such as their pre-trial daily consumption, 
pre-trial daily feed-in, or their baseline solar efficiency score? 

RQ3 (Engagement): Are the impacts on consumption and feed-in larger among the 
households who not only were invited but also actually used the solar efficiency calculator 
(i.e., those who interacted with the calculator, or those who subscribed to the newsletter)?​
​
​
​
​
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2.​ Methodology 

2.1 Sample 
To study the effects of the solar efficiency calculator on energy consumption and feed-in, we 
worked with Eneco to recruit and get data on a total of 26,086 households with solar panels1. 
These households were randomly assigned before trial launch to: 
 

●​ Group 1 - Control (N = 6,141): This group did not receive any invitation email to the 
solar efficiency calculator.  

●​ Group 2 - Treatment (N = 19,943): This group received an invite to the solar 
efficiency calculator, which was sent in 3 batches:  

○​ Batch A, with an email invite sent to 497 households on 8 April 2025,  
○​ Batch B, with an email invite sent to 4,994 households on 10 April 2025,  
○​ Batch C, with an email invite sent to 14,452 households on 14 April 2025. 

As shown in Appendix Table A1, the treatment and control groups were similar in terms of 
most pre-trial characteristics, including dwelling construction period, heating type (gas vs. 
district heating), household size, baseline average hourly energy consumption in 
February/early March 2025 (0.246 kWh in control vs. 0.245 kWh in treatment; p = 0.892), 
and pre-trial smart-meter data availability. However, there are significant differences in heat 
pump ownership, dwelling and floor-area variables, as well as the feed-in payment status 
(with the treatment group less likely to pay for feeding back into the grid). Crucially also, 
there are significant differences in solar-related variables between the control and the 
treatment groups: the treatment group has about 0.5 more solar panels on average and a 
slightly lower baseline hourly feed-in (0.492 kWh vs. 0.508 kWh), both differences 
statistically significant (p < 0.01). These baseline differences arose despite random 
assignment to experimental groups, and it is not clear what mechanism generated them in 
this case. 

These imbalances imply the treatment group may have had systematically higher solar 
generation capacity and slightly different incentives, which are directly related to our key 
feed-in outcomes. Because of these baseline imbalances, we cannot rely on simple 
post-treatment comparisons between groups (e.g. simply comparing the two groups at the 
end of the trial), as they would not provide credible causal estimates. Instead, we use panel 
methods—primarily difference-in-differences (DiD)—which do not require groups to have 
similar baseline levels, but do require them to exhibit parallel trends prior to the intervention 
(i.e., for control and treatment outcomes to evolve similarly before rollout). In other words, 
the control and the treatment groups must trend in a similar way before the intervention. This 
is a weaker requirement than equality in levels, but it remains a necessary identifying 
assumption. There is still a possibility that parallel pre-trends are violated. We therefore 
conduct formal pre-trend checks and discuss their implications in the paper. 

 

1 The results in this document use Wave 1 only. We do not analyse Wave 2 (invitation sent on 4 
August 2025) because it did not include a comparable control group. 
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2.2 Estimation strategies 

Our primary approach for RQ1 and RQ2 is a difference-in-differences event-study using the 
Callaway & Sant’Anna (2021) estimator, with the never-treated control group as the 
comparator. This specification estimates dynamic (period-by-period) treatment effects by 
comparing treated households to the never-treated control group across event time. By 
comparing changes over time between groups, this approach nets out any time-invariant 
differences in levels. 

We implement this using household-level panel data and cluster standard errors at the 
household level. We explored alternative sets of time-invariant covariates, ranging from no 
controls to specifications including only the number of solar panels and, more extensively, 
indicators for feed-in tariff, home ownership, heating type, presence of heat pump, and 
dwelling type. We exclude covariates mechanically related to the outcomes (such as 
baseline efficiency scores derived from feed-in) to avoid unstable estimates. Our preferred 
monthly panel DiD specification includes a single covariate—the number of solar 
panels—and was selected based on minimising rejections of parallel trends in the 
pre-intervention period. 

As a robustness check—since the DiD specification only allows the number of solar panels 
to enter as a time-invariant covariate, we also estimate a two-way fixed effects (TWFE) 
model that accounts for seasonal variation in how the number of solar panels affects energy 
behaviour. In particular, because the number of panels may matter more in summer months, 
when solar generation is highest, we include interaction terms between the number of solar 
panels a household has and a summer months dummy (equal to 1 for June, July and 
August). This allows households with different solar capacities to exhibit distinct summer 
patterns in both consumption and feed-in. Hence, the TWFE model yields treatment 
estimates that are net of systematic seasonal differences tied to solar generation potential. 
Like the DiD, this model controls for household and time fixed effects, but offers greater 
flexibility in capturing seasonal heterogeneity. We emphasise that this TWFE specification is 
intended as a secondary robustness check because it relies on stronger functional-form 
assumptions about how solar capacity shapes seasonality (via panels×month interactions) 
and yields a single average effect on the treatment group rather than month-by-month 
event-type DiD estimates. 

In total, we employ three estimation approaches. The first two – the DiD event-study and the 
TWFE model with seasonal interactions – both target our first two research questions (i.e. 
the intent-to-treat effects of offering the solar efficiency calculation on household energy 
outcomes). The third approach uses an instrumental variables (IV) strategy to estimate the 
local average treatment effect of actual calculator usage. In practice, we use the randomized 
assignment as an instrument for interacting with the solar efficiency calculator. This IV 
approach is designed to answer our third research question (RQ3, the LATE of actual usage) 
and is described in detail in the following section, Section 2.3. 
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2.3 Engagement with the solar efficiency calculator  

Engagement with the solar efficiency calculator was measured through click-tracking. As 
expected, engagement was limited almost entirely to the treatment group, indicating minimal 
“contamination” of the control group. Among the households who received an email 
invitation, about 17.78% interacted with the calculator in some way (3,549 out of 19,937), and 
10.29% subscribed to receive the follow-up solar efficiency tip newsletters (2,053 
households). In contrast, only 1 household in the control group managed to access the 
calculator, and they did not subscribe to the newsletter. In other words, roughly one in six 
households in the treatment group actually used the tool, and one in ten went further to opt 
into receiving periodic newsletters with energy tips, while the control group remained 
essentially unexposed. Appendix Table A2 reports the engagement rates by treatment group 
and each email batch.  

The relatively modest engagement (fewer than 20% of invited households interacting with 
the tool) means that the intent-to-treat effects we estimate (comparing all those offered the 
treatment to those not offered) will necessarily be diluted relative to the effect on those who 
actually used the tool. Second, since there is a sharp difference in usage between the 
treatment and control groups, it is feasible to use random assignment as an instrument to 
study the effect of actual tool usage (local average treatment effect). We implement an 
instrumental variable (IV) analysis for this purpose in the results section, although, as we will 
discuss, the low take-up rate leads to wide confidence intervals for the IV estimates. 

2.4 Smart-meter panel and outcome construction 

We use hourly smart-meter readings from 1 January 2024 to 28 August 2025 to measure 
household electricity consumption from the grid and feed-in back to the grid. We construct 
outcomes aligned with the trial’s weekday peak definitions, including average weekday daily 
consumption and feed-in and consumption/feed-in during the morning peak (07:00-09:00), 
wide evening peak (16:00-20:00), and narrow evening peak (17:00-19:00). To examine 
responses outside peak periods, we also construct consumption and feed-in outcomes for 
additional time windows (0:00-5:00, 5:00-7:00, 9:00-12:00, 12:00-14:00, 14:00-16:00, 
20:00-22:00, and 22:00-24:00). Our preferred specification aggregates outcomes to the 
household-by-month level, trims the top 1% of households by pre-trial average daily 
consumption and pre-trial average daily feed-in, and excludes households with zero 
consumption in two or more consecutive weeks. We also exclude households with solar 
efficiency scores outside the feasible range [0,100]. In robustness checks, we vary the 
temporal aggregation (collapsing weekly, bi-monthly, quarterly), trimming choices (including 
no trimming), sample restrictions (e.g., dropping the first 10 weeks), and covariate sets. 
Detailed aggregation and cleaning procedures, as well as all trimming and exclusion rules, 
are described in Appendix B. 
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3.​ Results 

3.1 Intent-to-treat effects on consumption 
3.1.1 Main effects on consumption from the grid 

We find evidence that being sent an email invitation to view the solar efficiency calculator led 
to modest but consistent reductions in electricity consumption from the grid that were 
concentrated in weekday evening peak hours. In the full sample, wide evening peak 
consumption (16:00-20:00) fell by 0.0306 kWh/day (SE 0.0101) in the 7 post-trial months. 
This corresponds to a 1.46% reduction relative to the treatment-group pre-trial mean of 
2.0893 kWh/day. Consumption during the narrow evening peak (17:00-19:00) declined by 
0.0188 kWh/day (SE 0.0066) post-trial, corresponding to a 1.61% reduction relative to the 
pre-trial mean of 1.1654 kWh/day in the control group.  

Event-study estimates suggest the reduction during evening peaks was strongest 
immediately after the intervention. For the wide evening peak, the reduction is significant 
already in April 2025 - the month when the invitation to solar efficiency calculator was sent 
out (about 0.0298 kWh/day), the average treatment effect grows further in May (to around 
0.0427 kWh/day), and then remains of similar magnitude for the next few months (between 
0.0343 and 0.0398 kWh/day between June and August). After summer, the average 
treatment effect estimates get smaller (to around 0.016 kWh/day) and are no longer 
statistically significant at the 5% level. A similar pattern holds for the narrow evening peak: 
consumption falls immediately in the intervention month (by around 0.0172 kWh/day), the 
effect becomes somewhat larger in May (about 0.0256 kWh/day), stays stable through 
June-August (roughly 0.0198–0.0251 kWh/day), and then fades and becomes statistically 
insignificant for September and October. Figures 1 and 2 show the corresponding 
event-study estimates for the wide and narrow evening peaks. 

 

 

 

 

 

 

 

 

 

6 



​ Increasing consumption of self-generated energy (NL) | Technical Appendix 

Figure 1: Average consumption during wide evening peak (16:00-20:00) 

 

Notes: The points in the event-study plot above are estimates of the effect of being invited to use the solar efficiency calculator on household 
electricity consumption during the wide evening peak (16:00-20:00), relative to the months before treatment. Vertical bars are 95% simultaneous 
confidence intervals of the average treatment effects in the treatment group. Estimates come from a difference-in-differences model using the did 
estimator (Callaway and Sant’Anna) with household-level panel data. The x-axis shows relative time in months around the invitation. A value of 0 
corresponds to April 2025, when households in the treatment group received the invitation, and captures the instantaneous effect of being sent 
the invite. The dashed line denotes zero effect of the invitation to view the solar efficiency calculator. 
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Figure 2: Average consumption during narrow evening peak (17:00-19:00) 

 

Notes: The points in the event-study plot above are estimates of the effect of being invited to use the solar efficiency calculator on household 
electricity consumption during the narrow evening peak (17:00-19:00), relative to the months before treatment. Vertical bars are 95% 
simultaneous confidence intervals of the average treatment effects in the treatment group. Estimates come from a difference-in-differences model 
using the did estimator (Callaway and Sant’Anna) with household-level panel data. The x-axis shows relative time in months around the invitation. 
A value of 0 corresponds to April 2025, when households in the treatment group received the invitation, and captures the instantaneous effect of 
being sent the invite. The dashed line denotes zero effect of the invitation to view the solar efficiency calculator. 

Morning peak (07:00-09:00) consumption did not meaningfully change following the solar 
efficiency calculator invite (average treatment effect on the treated, ATT = -0.0013 kWh/day, 
SE 0.0061). Furthermore, we do not find evidence that households offset the observed 
evening-peak reductions by increasing consumption in other, off-peak periods. Estimated 
effects outside the evening peak are generally small and not statistically significant at the 5% 
level. The main exception is a statistically significant reduction in consumption just after the 
morning peak, between 9:00-12:00, with ATT of 0.0125 kWh/day (SE 0.0054), which is a 
-1.61% change relative to a baseline of 0.7755 kWh/day. The event-study estimates indicate 
that this 09:00-12:00 reduction is driven largely by the summer months: the effect is already 
negative in the first two post-intervention months (about -0.0113 to -0.0126 kWh/day in April 
and May, respectively), becomes larger and most pronounced in June, July and August 
(around -0.0161 to -0.0187 kWh/day), but is no longer statistically significant at the 5% level 
for autumn months. 

Furthermore, we do not find a statistically significant change in average daily consumption 
overall (ATT = −0.0502 kWh/day, SE 0.0386). Consistent with this, the event-study estimates 
are generally not statistically significant at the 5% level. Directionally, however, both the point 
estimate for the overall ATT and the event-study estimates for most post-trial months are 
negative. Taken together with the statistically significant reduction in consumption between 
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09:00 and 12:00 reported above, these patterns suggest that households did not 
compensate for the evening-peak reductions by increasing consumption in other (off-peak) 
periods. Across all the consumption outcomes reported above, parallel pre-trends are not 
rejected, supporting a causal interpretation. A comprehensive set of aggregated DiD 
estimates across months, for all outcomes, is reported in Appendix Table A3. Overall, these 
findings indicate that the solar efficiency calculator invitation reduced evening peak 
consumption in a targeted way, without triggering compensatory increases at other times of 
day. 

3.1.2 Heterogeneity in intent-to-treat effects on consumption 

The consumption response to receiving a solar efficiency calculator invite is heterogeneous 
across baseline characteristics of participants. In particular, when segmenting households 
into tertiles by pre-trial consumption, feed-in, and solar efficiency, the low feed-in tertile 
exhibits the largest proportional reductions in evening peak consumption after the invitation: 
2.12% in the first half of the wide evening peak (16:00-18:00) and 3.18% in the second half 
(18:00-20:00) (see Appendix Table A4 for details). The event-study estimates in Figures A1 
and A2  indicate that these evening reductions in grid consumption for the low feed-in tertile 
are most pronounced in the early post-intervention months. In both windows (16:00-18:00 
and 18:00-20:00), the reduction peaks in May 2025 and then attenuates, but remains 
statistically significant through August for 16:00-18:00 and through September for 
18:00-20:00. 

In absolute terms, the highest pre-trial consumption tertile shows the largest reductions 
during evening peak windows2. In the 18:00-20:00 window, high-consumption households 
reduce consumption by about 0.0382 kWh/day (about −2.30% relative to a baseline of 
1.6610 kWh/day) (see Appendix Table A5). However, even within this high-consumption 
segment, responses are not uniform: reductions are concentrated among households 
without a heat pump, who cut evening peak consumption more than otherwise similar 
high-consumption households with a heat pump. In the 18:00–20:00 window, 
high-consumption households without a heat pump reduce consumption by 0.0403 kWh/day 
on average (SE = 0.0184). By contrast, the (smaller) subgroup with a heat pump shows no 
statistically significant change in this window, with ATT of about 0.0003 kWh/day in the 
post-treatment period (SE = 0.0455). This pattern suggests that evening load is less flexible 
for heat-pump households, so the average reduction among high consumers is driven mainly 
by non–heat-pump households. The same conclusion holds when we consider the full wide 
evening peak (16:00-20:00) as a single outcome: high-consumption households without a 
heat pump reduce wide-peak usage by -0.0665 kWh/day on average (SE = 0.0281), 
whereas the subgroup with a heat pump shows essentially no change (ATT = 0.0046 
kWh/day, SE = 0.0698). 

2 We focus in particular on the second half of the wide evening peak (18:00-20:00) because, for some 
other time windows, parallel pre-trends are rejected when pooling all high-consumption households 
together. In contrast, they are not rejected when we split this segment by heat-pump ownership, which 
is why wide peak energy consumption (16:00-20:00) is reported by heat pump ownership status.  
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3.1.3 Robustness of intent-to-treat effects on consumption  

As a robustness check, we estimate a two-way fixed effects (TWFE) model that flexibly 
accounts for the differential impact of solar production by season, by interacting the number 
of solar panels with an indicator for summer months. For consumption outcomes, the TWFE 
results are consistent with our preferred DiD specification in both direction of the effect and 
statistical significance. For example, for the wide evening peak (16:00-20:00), the TWFE 
estimate implies a reduction of -0.0259 kWh/day (SE 0.0089), compared with an ATT of 
-0.0306 kWh/day (SE 0.0101) in the main DiD specification. Likewise, for the narrow evening 
peak (17:00-19:00), the TWFE estimate is -0.0153 kWh/day (SE 0.0049), compared with 
-0.0188 kWh/day (SE 0.0066) in the DiD. More detailed TWFE results for consumption 
outcomes are reported in Table A6 in the Appendix.  
 

3.2 Intent-to-treat effects on feed-in 
3.2.1 Main effects on feed-in to the grid 

For feed-in to the grid, point estimates generally indicate increases after the solar efficiency 
calculator invitation, but inference is weaker because parallel pre-trends are frequently 
rejected. The estimated impact on average daily feed-in is +0.1994 kWh/day (SE 0.0351), 
equivalent to 4.22% increase relative to the treatment-group pre-trial mean (4.7214 
kWh/day) (Appendix Table A3). The estimate is statistically significant, but parallel pre-trends 
are rejected, so we treat this as suggestive evidence only.  

A similar feed-in pattern holds across multiple time windows. Estimated effects are positive 
and statistically significant for feed-in during 07:00-09:00 (8.10% increase), 09:00-12:00 
(5.27% increase), 12:00-14:00 (3.94% increase), 14:00-16:00 (3.89% increase), 16:00-18:00 
(2.78% increase), and 16:00-20:00 (2.66% increase), but pre-trends are rejected for these 
outcomes. Taken together, we can be confident that the calculator invitation reduced how 
much electricity households drew from the grid during evening peak hours, but the feed-in 
findings are more of a suggestive evidence and should not be interpreted as causal effects. 

3.2.2 Heterogeneity in intent-to-treat effects on feed-in 

Feed-in responses vary sharply by baseline solar efficiency. Households with higher baseline 
solar efficiency scores (top third) reduce feed-in following the invitation, whereas households 
with lower baseline scores (bottom third) increase feed-in (Appendix Tables A7 - A8). As with 
the pooled feed-in results, this heterogeneity should be interpreted as suggestive because 
parallel pre-trends are rejected for these feed-in outcomes. Reassuringly, the pre-period 
trends tend to run in the opposite direction to the post-invitation movement in both the high- 
and low-efficiency segments (e.g., upward pre-trends followed by post-period declines in the 
high-efficiency segment), which is less consistent with a simple extrapolation of baseline 
dynamics.  

Figures 3 and 4 show the subgroup event-study trajectories. In the low-efficiency group, 
post-invitation effects rise steadily month-by-month: the estimated ATT increases from 
+0.0505 kWh/day in April 2025 to +0.1299 in May, +0.2222 in June, +0.3467 by August, and 
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+0.6812 kWh/day by September 2025, with confidence intervals excluding zero from July 
2025 onward. In the high-efficiency group, estimates are near zero immediately after the 
invitation (+0.0202 kWh/day in April; +0.0251 in May), turn negative by June (-0.0725), and 
become increasingly negative over time (-0.1549 at month 3, -0.2321 at month 4, -0.3801 at 
month 5, and -0.4100 kWh/day by month 6), with confidence intervals excluding zero from 
month 3 onward. 

Taken together, this pattern is consistent with the intervention being more effective for 
households that were already relatively efficient. In contrast, for low-efficiency households, 
receiving a low score may have been counterproductive. Plausible explanations include 
discouragement, “why bother?” effect, or low self-efficacy: if the feedback signals that 
improving is hard or the gap is large, some households may disengage or default to existing 
routines, potentially increasing feed-in rather than reducing it. 

Figure 3: Average daily feed-in (segment: top ⅓ of scores) 

 

Notes: The points in the event-study plot above are estimates of the effect of being invited to use the solar efficiency calculator on household 
average daily feed-in back to the grid, relative to the months before treatment. Vertical bars are 95% simultaneous confidence intervals of the 
average treatment effects in the treatment group. Estimates come from a difference-in-differences model using the did estimator (Callaway and 
Sant’Anna) with household-level panel data. The x-axis shows relative time in months around the invitation. A value of 0 corresponds to April 
2025, when households in the treatment group received the invitation, and captures the instantaneous effect of being sent the invite. The dashed 
line denotes zero effect of the invitation to view the solar efficiency calculator. 
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Figure 4: Average daily feed-in (segment: bottom ⅓ of scores) 

 

Notes: The points in the event-study plot above are estimates of the effect of being invited to use the solar efficiency calculator on household 
average daily feed-in back to the grid, relative to the months before treatment. Vertical bars are 95% simultaneous confidence intervals of the 
average treatment effects in the treatment group. Estimates come from a difference-in-differences model using the did estimator (Callaway and 
Sant’Anna) with household-level panel data. The x-axis shows relative time in months around the invitation. A value of 0 corresponds to April 
2025, when households in the treatment group received the invitation, and captures the instantaneous effect of being sent the invite. The dashed 
line denotes zero effect of the invitation to view the solar efficiency calculator. 

3.2.3 Robustness of the intent-to-treat effects (TWFE with seasonality) 

As a robustness check, we again estimate a two-way fixed effects (TWFE) model that 
flexibly accounts for the differential impact of solar production by season, by interacting the 
number of solar panels with an indicator for summer months. For feed-in, the results from 
these specifications do not corroborate the DiD. Whereas the difference-in-differences 
estimates are generally positive (e.g., average daily feed-in +0.1994 kWh/day), the TWFE 
estimates are negative and not statistically significant (e.g., average daily feed-in -0.0079 
kWh/day, SE 0.0234). These differences across specifications reinforce that identifying 
feed-in effects is more challenging. In our preferred DiD specification, feed-in estimates are 
already limited by frequent parallel pre-trend rejections, and under the TWFE seasonality 
specification the point estimates change sign and become statistically insignificant. We 
therefore refrain from drawing strong conclusions about feed-in effects. For detailed results 
of the TWFE with seasonality adjustments, please see Table A6 in the Appendix. 

3.3 Effect of engaging with the calculator on consumption and feed-in 

We next estimate the effect of actual engagement with the solar efficiency calculator using 
an instrumental variables (IV) strategy, where assignment to receive the invitation email 
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instruments for engagement with the calculator. The second-stage (LATE) point estimates 
suggest larger reductions in electricity consumption from the grid during peak hours among 
compliers, but the IV results are substantially less precise than the main intent-to-treat 
estimates because engagement was limited: only around 17.8% of invited households used 
the tool. With this compliance rate, the IV estimates mechanically scale up the reduced-form 
effects (reported in Appendix A9), and the associated standard errors scale up as well, 
yielding wide confidence intervals. Nonetheless, the reduced-form estimates are directionally 
consistent with the DiD intent-to-treat patterns, with stronger alignment for consumption than 
for feed-in. 

Correspondingly, the largest (in percent terms), and most precisely estimated LATE effects 
are concentrated in peak-hour consumption. In absolute terms, engagement with the solar 
efficiency calculator is associated with 0.194 kWh/day lower consumption during the wide 
evening peak. That corresponds to about a 9.30% reduction in daily energy consumption 
between the 16:00 and 20:00 time window (95% CI: -14.12% to -4.48%). For the narrow 
evening peak (17:00-19:00), the estimated effect is 0.114 kWh/day lower from a baseline of 
1.165 kWh/day, or about 9.77% reduction (95% CI spanning -14.56% to -4.98%). Splitting 
the evening peak into its two halves: consumption falls by about 11.37% during the first half 
of the wide evening peak (95% CI: -16.74% to -5.99%), while consumption during second 
half falls by about 7.71% (95% CI: -12.56% to -2.85%). The point estimates suggest 
somewhat larger reductions earlier in the evening, but the confidence intervals overlap 
substantially, so we do not interpret the difference between the two halves as statistically 
significant. Beyond the evening peak, engagement with the calculator is associated with 
lower morning peak (07:00–09:00) consumption of 0.045 kWh/day, or about 7.37% less 
consumption during morning peak (95% CI: -13.47% to -1.28%). Finally, solar efficiency 
calculation is associated with 0.536 kWh/day lower average daily consumption, or about 
−6.65%, with a 95% confidence interval spanning 2.27% to 11.03% lower daily energy 
consumption.   

For feed-in, the IV results are less precise. The estimated effect on average daily feed-in is 
+0.259 kWh/day from a baseline of 4.721 kWh/day (5.49% increase), but the 95% 
confidence interval ranges from a small decrease of -0.036 kWh/day to an increase of 
+0.554 kWh/day. In other words, while the point estimate suggests higher feed-in among 
compliers, the effect is not statistically significant at the 5% level. This weaker and more 
uncertain feed-in evidence aligns with the main DiD analysis, where feed-in outcomes more 
frequently exhibit parallel pre-trend rejections than consumption outcomes. For the full 
second-stage LATE results, please see Appendix A10. 

3.4 Effect of signing up for the newsletter on consumption and feed-in 

As a robustness check, we re-define “engagement” more strictly as both calculating solar 
efficiency score, and signing up for the periodic newsletter with tips to improve 
self-consumption (again using randomised assignment as the instrument). Because this 
definition has lower take-up (10.4% of households calculate their score and sign up, versus 
17.9% engage with the calculator), the second-stage (LATE) estimates are larger in 
magnitude but also less precisely estimated. For example, the estimated effect on wide 
evening peak consumption (16:00-20:00) increases from -0.194 kWh/day (SE 0.051) under 
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the baseline engagement definition to -0.336 kWh/day (SE 0.089) under the stricter definition 
of calculating the score and signing up to the newsletter. 

The largest and most precisely estimated effects are concentrated in evening peak-hour 
consumption. Engagement defined as calculator use plus newsletter sign-up is associated 
with a 16.06% reduction in consumption during the wide evening peak, relative to the 
pre-trial baseline of 2.089 kWh/day (-0.336 kWh/day; 95% CI: -24.40% to -7.72%). For the 
narrow evening peak (17:00-19:00), the estimated effect is -16.87% (-0.197 kWh/day from a 
baseline of 1.165 kWh/day; 95% CI: -25.16% to -8.58%). Qualitatively, the pattern is 
unchanged: the strongest and most precisely estimated effects remain concentrated in 
peak-hour consumption, while feed-in estimates remain comparatively noisy and typically not 
statistically significant. Full results for this specification are in Appendix A11. 

4.​ Conclusion 

The campaign’s main practical takeaway is that personalised feedback can meaningfully 
affect how much electricity households with solar panels draw from the grid during peak 
hours. Inviting households to use the solar efficiency calculator reduced their evening peak 
grid consumption (16:00-20:00 and 17:00-19:00) by around 1.5-1.6% on average, with the 
largest reductions concentrated among households with low baseline feed-in and high 
consumption households without heat pumps. We also estimate that households who 
actively engaged with the solar efficiency calculators show much larger peak hour reductions 
in grid consumption : instrumental-variable estimates imply roughly 9-10% reduction in wide 
evening-peak consumption among households who interacted with the calculator, and 
around 16% reduction in consumption among households who signed up for the newsletter. 
These engagement estimates are best viewed as a complement to the intent-to-treat results, 
however, because take-up was limited and the confidence intervals are correspondingly 
wide. 

There is little evidence that households “compensated” for peak-hour reductions elsewhere 
in the day. Off-peak consumption changed minimally and average daily consumption did not 
increase. The evening peak reductions were strongest in the first 2 months after the 
invitation and continued into the summer, before attenuating and becoming statistically 
insignificant in early autumn, suggesting an immediate but not permanent effect. Because 
the strongest impacts coincided with summer months, an important next question is how 
much the effect depends on seasonality—specifically whether impacts are larger when solar 
production is high, and whether a comparable campaign run in other seasons would 
generate similar peak-consumption effects. 

While the effects on consumption are robust, we are less certain about the feed-in effects. 
Point estimates often suggest increased daily feed-in back into the grid in response to the 
campaign, and we find evidence that responses differ by baseline efficiency—raising the 
possibility of a “backlash” among low-efficiency households (e.g., discouragement after 
receiving a low score). However, frequent parallel pre-trend violations mean these feed-in 
patterns cannot be interpreted confidently as causal. Overall, we are more confident about 
consumption impacts than feed-in impacts. Future trials should look more into the effect of 
personalised feedback on feed-in among households with solar panels and explicitly test 
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message framing and support for low-efficiency households to avoid unintended feed-in 
responses while preserving the demonstrated peak-demand benefits. 
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Appendix  

Appendix A: Figures and tables  
Table A1. Orthogonality Table, baseline characteristics in control vs. treatment group 
 Variable control treatment (1) vs. (2), p-value 

Built before 1960 (indicator) 0.1638 0.1657 0.7178 

Built 1960–1980 (indicator) 0.2829 0.2837 0.9110 

Built 1980–2000 (indicator) 0.3235 0.3214 0.7646 

Built 2000–2020 (indicator) 0.1672 0.1698 0.6279 

Built after 2020 (indicator) 0.0475 0.0433 0.1609 

Construction period unknown (indicator) 0.0151 0.0160 0.6187 

Floor area < 60 m2 (indicator) 0.0116 0.0094 0.1309 

Floor area 60–90 m2 (indicator) 0.1021 0.1001 0.6598 

Floor area 90–120 m2 (indicator) 0.3373 0.3511 0.0478 

Floor area 120–230 m2 (indicator) 0.5142 0.5127 0.8282 

Floor area unknown (indicator) 0.0348 0.0268 0.0009 

Dwelling: 2-onder-1-kap (indicator) 0.1514 0.1608 0.0773 

Dwelling: Appartement (indicator) 0.0568 0.0495 0.0238 

Dwelling: Hoekwoning (indicator) 0.1763 0.1701 0.2587 

Dwelling: Tussenwoning (indicator) 0.4294 0.4502 0.0041 

Dwelling: Vrijstaand huis (indicator) 0.1210 0.1124 0.0647 

Dwelling type unknown (indicator) 0.0651 0.0570 0.0176 

Has heat pump (indicator) 0.1126 0.1249 0.0106 

Number of solar panels 8.7438 9.2964 0.0000 

Pays for feed-in (indicator) 0.6093 0.5908 0.0097 

Has active gas heating (indicator) 0.8175 0.8208 0.5593 

Has active district heating (indicator) 0.0373 0.0366 0.7919 

Owns their home (indicator) 0.7159 0.7277 0.0708 

Number of house inhabitants 3.9015 3.8913 0.6059 

Average hourly consumption before trial start date 0.2456 0.2453 0.8924 

Average hourly returns to grid before trial start 
date 0.5083 0.4916 0.0000 

Number of available meter recordings before trial 
start date 192.4532 192.6208 0.2940 

N 6143 19943   
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Table A2. Interaction with the solar efficiency calculator, by treatment group and 
treatment batch 
 (1) (2) (3) (4) 

 
calculator 
interaction 

newsletter 
sign-up 

calculator 
interaction 

newsletter 
sign-up 

     

Control group (omitted) 0.0000 0.0000   

 (.) (.)   

     

Treatment group 0.1778*** 0.1029***   

 (0.0027) (0.0022)   

     

Treatment batch A 
(omitted)   0.0000 0.0000 

   (.) (.) 

     

Treatment batch B   -0.0288 -0.0051 

   (0.0231) (0.0148) 

     

Treatment batch C   -0.3053*** -0.0117 

   (0.0222) (0.0144) 

     

Constant 0.0002 -0.0000 0.4064*** 0.1127*** 

 (0.0002) (.) (0.0220) (0.0142) 

     

Observations 26086 26086 19943 19943 

R-squared 0.048 0.026 0.106 0.000 

Adjusted R-squared 0.048 0.026 0.106 0.000 
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Table A3:  Main intent-to-treat DiD estimates (Callaway & Sant’Anna overall ATT) 
 

Dependent variable ATT SE 

pre-trial 
baseline 
(kWh) 

%  
change p < 0.05 

parallel 
pre-trends 

average daily consumption -0.0502 0.0386 8.0551 -0.62%   ok 

average daily feed-in 0.1994 0.0351 1940991 4.22% * rejected 

00-05 consumption 0.0074 0.0108 255307 0.59%  ok 

00-05 feed-in 0.0007 0.0008 0.0003 245.07%  ok 

05-07 consumption 0.0057 0.0047 0.4881 1.17%  ok 

05-07 feed-in 0.0006 0.0004 0.0040 16.03%  ok 

07-09 (morning peak) 
consumption -0.0013 0.0061 0.6164 -0.21%  ok 

07-09 (morning peak) feed-in 0.0126 0.0031 0.1557 8.10% * rejected 

09-12 consumption -0.0125 0.0054 0.7755 -1.61% * ok 

09-12 feed-in 0.0686 0.0126 408708 5.27% * rejected 

12-14 consumption -0.0028 0.0034 0.4462 -0.63%  rejected 

12-14 feed-in 0.0539 0.0109 652326 3.94% * rejected 

14-16 consumption -0.0038 0.0035 0.4759 -0.80%  rejected 

14-16 feed-in 0.0452 0.0100 1.1623 3.89% * rejected 

16-18 consumption -0.0129 0.0052 0.9072 -1.42% * ok 

16-18 feed-in 0.0161 0.0052 0.5780 2.78% * rejected 

18-20 consumption -0.0177 0.0074 1.1821 -1.50% * ok 

18-20 feed-in 0.0030 0.0044 0.1425 2.14%  rejected 

20-22 consumption -0.0066 0.0066 1.0678 -0.61%  ok 

20-22 feed-in -0.0012 0.0017 0.0079 -15.17%  ok 

22-24 consumption -0.0058 0.0051 0.8361 -0.69%  ok 

22-24 feed-in -0.0003 0.0002 0.0001 -178.29%  ok 

17-19 (narrow peak) 
consumption -0.0188 0.0066 1.1654 -1.61% * ok 

17-19 (narrow peak) feed-in 0.0046 0.0044 0.3131 1.48%  rejected 

16-20 (wide peak) 
consumption -0.0306 0.0101 2.0893 -1.46% * ok 

16-20 (wide peak) feed-in 0.0191 0.0072 0.7205 2.66% * rejected 
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Table A4. Heterogeneity DiD estimates: low pre-trial feed-in tertile  ​
 

20 

Dependent variable ATT SE 

pre-trial 
baseline 
(kWh) 

%  
change p < 0.05 

parallel 
pre-trends 

average daily consumption -0.0591 0.0544 7.2232 -0.82%  ok 
average daily feed-in 0.0171 0.0393 2.6626 0.64%  rejected 
00-05 consumption 0.0129 0.0167 1.0969 1.17%  ok 
00-05 feed-in 0.0002 0.0001 0.0001 121.32%  ok 
05-07 consumption 0.0107 0.0077 0.4261 2.52%  ok 
05-07 feed-in -0.0001 0.0003 0.0017 -2.89%  ok 
07-09 (morning peak) 
consumption 0.0007 0.0084 0.5519 0.13%  ok 
07-09 (morning peak) 
feed-in 0.0008 0.0035 0.0781 1.03%  ok 
09-12 consumption -0.0053 0.0088 0.7592 -0.70%  ok 
09-12 feed-in 0.0066 0.0154 0.7101 0.92%  ok 
12-14 consumption -0.0070 0.0057 0.4474 -1.56%  ok 
12-14 feed-in -0.0064 0.0121 0.7883 -0.81%  ok 
14-16 consumption -0.0065 0.0056 0.4634 -1.41%  ok 
14-16 feed-in -0.0061 0.0111 0.6737 -0.92%  ok 
16-18 consumption -0.0173 0.0076 0.8185 -2.12% * ok 
16-18 feed-in 0.0131 0.0062 0.3283 4.03% * ok 
18-20 consumption -0.0325 0.0104 1.0247 -3.18% * ok 
18-20 feed-in 0.0086 0.0051 0.0781 11.20%  rejected 
20-22 consumption -0.0128 0.0099 0.9167 -1.40%  ok 
20-22 feed-in 0.0003 0.0008 0.0040 8.53%  ok 
22-24 consumption -0.0020 0.0073 0.7183 -0.28%  ok 
22-24 feed-in 0.0000 0.0001 0.0001 9.90%  ok 
17-19 (narrow peak) 
consumption -0.0285 0.0108 1.0221 -2.79% * rejected 
17-19 (narrow peak) feed-in 0.0124 0.0057 0.1760 7.14% * rejected 
16-20 (wide peak) 
consumption -0.0498 0.0179 1.8432 -2.71% * rejected 
16-20 (wide peak) feed-in 0.0217 0.0090 0.4064 5.40% * rejected 
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Table A5. Heterogeneity DiD estimates: high pre-trial consumption tertile 
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Dependent variable ATT SE 

pre-trial 
baseline 
(kWh) 

%  
change p < 0.05 

parallel 
pre-trends 

average daily consumption -0.0860 0.0981 11.6284 -0.74%  ok 
average daily feed-in 0.2004 0.0790 5.4124 3.70% * rejected 
00-05 consumption 0.0128 0.0322 1.8765 0.68%  ok 
00-05 feed-in 0.0018 0.0024 0.0005 368.42%  ok 
05-07 consumption 0.0062 0.0130 0.7249 0.86%  ok 
05-07 feed-in 0.0011 0.0007 0.0047 22.52%  ok 
07-09 (morning peak) 
consumption -0.0073 0.0133 0.9051 -0.80%  ok 
07-09 (morning peak) feed-in 0.0131 0.0061 0.1774 7.41% * rejected 
09-12 consumption -0.0157 0.0138 1.1102 -1.42%  ok 
09-12 feed-in 0.0595 0.0262 1.5002 3.97% * rejected 
12-14 consumption -0.0007 0.0080 0.6484 -0.10%  rejected 
12-14 feed-in 0.0633 0.0214 1.5724 4.03% * rejected 
14-16 consumption -0.0034 0.0082 0.7077 -0.48%  rejected 
14-16 feed-in 0.0528 0.0206 1.3317 3.97% * rejected 
16-18 consumption -0.0175 0.0131 1.2775 -1.37%  ok 
16-18 feed-in 0.0094 0.0114 0.6575 1.42%  ok 
18-20 consumption -0.0382 0.0182 1.6610 -2.30% * ok 
18-20 feed-in 0.0019 0.0088 0.1589 1.21%  ok 
20-22 consumption -0.0228 0.0171 1.5193 -1.50%  ok 
20-22 feed-in -0.0019 0.0036 0.0090 -20.85%  ok 
22-24 consumption 0.0007 0.0132 1.1979 0.06%  ok 
22-24 feed-in -0.0007 0.0006 0.0002 -347.78%  ok 
17-19 (narrow peak) 
consumption -0.0261 0.0155 1.6170 -1.61%  ok 
17-19 (narrow peak) feed-in -0.0018 0.0096 0.3525 -0.52%  ok 
16-20 (wide peak) 
consumption -0.0558 0.0291 2.9385 -1.90%  ok 
16-20 (wide peak) feed-in 0.0113 0.0145 0.8164 1.38%  rejected 
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Table A6. TWFE with summer x solar panel interactions  
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Dependent variable estimate SE p-value 

average daily consumption -0.0709 0.0316 0.0247 
average daily feed-in -0.0079 0.0234 0.7341 
00-05 consumption 0.0060 0.0074 0.4162 
00-05 feed-in 0.0004 0.0003 0.2639 
05-07 consumption 0.0006 0.0028 0.8284 
05-07 feed-in 0.0002 0.0002 0.3054 
07-09 (morning peak) consumption -0.0049 0.0033 0.1393 
07-09 (morning peak) feed-in 0.0052 0.0024 0.0300 
09-12 consumption -0.0151 0.0046 0.0011 
09-12 feed-in -0.0008 0.0071 0.9142 
12-14 consumption -0.0122 0.0032 0.0001 
12-14 feed-in -0.0029 0.0060 0.6247 
14-16 consumption -0.0136 0.0033 0.0000 
14-16 feed-in -0.0049 0.0059 0.4027 
16-18 consumption -0.0145 0.0043 0.0008 
16-18 feed-in -0.0041 0.0055 0.4597 
18-20 consumption -0.0113 0.0051 0.0264 
18-20 feed-in 0.0006 0.0036 0.8680 
20-22 consumption -0.0022 0.0048 0.6394 
20-22 feed-in -0.0013 0.0012 0.2843 
22-24 consumption -0.0037 0.0040 0.3635 
22-24 feed-in -0.0003 0.0003 0.2135 
17-19 (narrow peak) consumption -0.0153 0.0049 0.0019 
17-19 (narrow peak) feed-in -0.0008 0.0049 0.8733 
16-20 (wide peak) consumption -0.0259 0.0089 0.0037 
16-20 (wide peak) feed-in -0.0035 0.0086 0.6888 
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Table A7: Heterogeneity DiD estimates: high pre-trial solar efficiency score tertile    

 

 

 

23 

Dependent variable ATT SE 

pre-trial 
baseline 
(kWh) 

%  
change p < 0.05 

parallel 
pre-trends 

average daily consumption 0.1083 0.0748 8.4481 1.28%  ok 
average daily feed-in -0.1720 0.0530 4.3120 -3.99% * rejected 
00-05 consumption 0.0177 0.0209 1.3008 1.36%  ok 
00-05 feed-in 0.0003 0.0002 0.0007 46.52%  ok 
05-07 consumption 0.0193 0.0116 0.5093 3.79%  ok 
05-07 feed-in 0.0007 0.0006 0.0055 12.69%  ok 
07-09 (morning peak) 
consumption 0.0110 0.0122 0.6550 1.67%  ok 
07-09 (morning peak) feed-in -0.0042 0.0042 0.1581 -2.68%  rejected 
09-12 consumption 0.0237 0.0115 0.8665 2.73% * ok 
09-12 feed-in -0.0652 0.0172 1.1460 -5.69% * rejected 
12-14 consumption 0.0188 0.0077 0.5045 3.73% * rejected 
12-14 feed-in -0.0772 0.0168 1.2066 -6.40% * rejected 
14-16 consumption 0.0236 0.0065 0.5270 4.48% * rejected 
14-16 feed-in -0.0546 0.0163 1.0609 -5.15% * rejected 
16-18 consumption 0.0072 0.0098 0.9398 0.76%  ok 
16-18 feed-in 0.0084 0.0095 0.5642 1.49%  rejected 
18-20 consumption -0.0199 0.0134 1.2054 -1.65%  ok 
18-20 feed-in 0.0173 0.0077 0.1587 10.92% * ok 
20-22 consumption 0.0010 0.0141 1.0907 0.09%  ok 
20-22 feed-in 0.0024 0.0016 0.0107 22.58%  ok 
22-24 consumption 0.0058 0.0101 0.8492 0.68%  ok 
22-24 feed-in 0.0001 0.0001 0.0003 21.86%  ok 
17-19 (narrow peak) 
consumption -0.0125 0.0128 1.1885 -1.06%  ok 
17-19 (narrow peak) feed-in 0.0220 0.0073 0.3242 6.78% * rejected 
16-20 (wide peak) consumption -0.0127 0.0230 2.1452 -0.59%  ok 

16-20 (wide peak) feed-in 0.0257 0.0136 0.7230 3.56%  rejected 
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Table A8. Heterogeneity DiD estimates: low pre-trial solar efficiency score tertile  
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Dependent variable ATT SE 

pre-trial 
baseline 
(kWh) 

%  
change p < 0.05 

parallel 
pre-trends 

average daily consumption -0.0981 0.0521 7.8204 -1.25%  rejected 
average daily feed-in 0.2446 0.0339 5.0236 4.87% * rejected 
00-05 consumption -0.0040 0.0166 1.2443 -0.32%  ok 
00-05 feed-in 0.0014 0.0020 0.0000 27777.33%  ok 
05-07 consumption 0.0058 0.0075 0.4775 1.22%  ok 
05-07 feed-in 0.0002 0.0006 0.0022 9.08%  ok 
07-09 (morning peak) 
consumption 0.0051 0.0079 0.5928 0.85%  ok 
07-09 (morning peak) 
feed-in 0.0050 0.0053 0.1425 3.48%  rejected 
09-12 consumption -0.0273 0.0062 0.7089 -3.85% * rejected 
09-12 feed-in 0.0956 0.0170 1.4361 6.65% * rejected 
12-14 consumption -0.0128 0.0055 0.4045 -3.16% * rejected 
12-14 feed-in 0.0977 0.0109 1.5063 6.48% * rejected 
14-16 consumption -0.0185 0.0044 0.4406 -4.21% * rejected 
14-16 feed-in 0.0744 0.0127 1.2419 5.99% * rejected 
16-18 consumption -0.0241 0.0078 0.8869 -2.72% * rejected 
16-18 feed-in 0.0018 0.0087 0.5740 0.32%  rejected 
18-20 consumption -0.0101 0.0110 1.1715 -0.86%  ok 
18-20 feed-in -0.0252 0.0081 0.1160 -21.73% * rejected 
20-22 consumption -0.0059 0.0103 1.0612 -0.56%  ok 
20-22 feed-in -0.0057 0.0035 0.0046 -124.37%  ok 
22-24 consumption -0.0063 0.0087 0.8320 -0.76%  rejected 
22-24 feed-in -0.0006 0.0005 0.0001 -841.37%  ok 
17-19 (narrow peak) 
consumption -0.0219 0.0102 1.1528 -1.90% * rejected 
17-19 (narrow peak) feed-in -0.0295 0.0069 0.2873 -10.28% * rejected 
16-20 (wide peak) 
consumption -0.0342 0.0159 2.0585 -1.66% * rejected 
16-20 (wide peak) feed-in -0.0234 0.0117 0.6900 -3.39% * rejected 
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Table A9. Reduced form intent-to-treat effects of treatment group assignment 
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Dependent variable estimate SE p-value 

pre-trial 
baseline 
(kWh) 

% change 
relative to 
baseline 

average daily consumption -0.0959 0.0322 0.0029 8.0551 -1.19% 

average daily feed-in 0.0464 0.0269 0.0849 4.7214 0.98% 

00-05 consumption 0.0044 0.0075 0.5578 1.2599 0.35% 

00-05 feed-in 0.0004 0.0003 0.2577 0.0003 135.55% 

05-07 consumption -0.0008 0.0028 0.7677 0.4881 -0.16% 

05-07 feed-in 0.0004 0.0002 0.065 0.0040 9.94% 

07-09 (morning peak) consumption -0.0081 0.0034 0.0177 0.6164 -1.31% 

07-09 (morning peak) feed-in 0.0087 0.0025 0.0005 0.1557 5.59% 

09-12 consumption -0.0179 0.0047 0.0001 0.7755 -2.31% 

09-12 feed-in 0.0124 0.0077 0.1103 1.3019 0.95% 

12-14 consumption -0.0136 0.0032 0 0.4462 -3.05% 

12-14 feed-in 0.0075 0.0066 0.2545 1.3686 0.55% 

14-16 consumption -0.0153 0.0033 0 0.4759 -3.22% 

14-16 feed-in 0.0069 0.0067 0.303 1.1623 0.59% 

16-18 consumption -0.0185 0.0044 0 0.9072 -2.04% 

16-18 feed-in 0.0063 0.0061 0.2975 0.5780 1.09% 

18-20 consumption -0.0163 0.0052 0.0019 1.1821 -1.38% 

18-20 feed-in 0.005 0.0038 0.1825 0.1425 3.51% 

20-22 consumption -0.005 0.0048 0.2946 1.0678 -0.47% 

20-22 feed-in -0.0009 0.0012 0.4571 0.0079 -11.34% 

22-24 consumption -0.0047 0.004 0.2494 0.8361 -0.56% 

22-24 feed-in -0.0003 0.0003 0.2186 0.0001 -206.04% 

17-19 (narrow peak) consumption -0.0204 0.0051 0.0001 1.1654 -1.75% 

17-19 (narrow peak) feed-in 0.0068 0.0052 0.1975 0.3131 2.17% 

16-20 (wide peak) consumption -0.0348 0.0092 0.0002 2.0893 -1.67% 

16-20 (wide peak) feed-in 0.0113 0.0093 0.2252 0.7205 1.57% 
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Table A10. IV estimates of engagement with the solar efficiency calculator 
(assignment instrument) 
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Dependent variable estimate SE p-value 
pre-trial baseline 

(kWh) 
% change relative to 

baseline 

average daily consumption -0.5356 0.1799 0.0029 8.0551 -6.65% 

average daily feed-in 0.2590 0.1503 0.0850 1940991 5.49% 

00-05 consumption 0.0244 0.0416 0.5579 255307 1.94% 

00-05 feed-in 0.0022 0.0019 0.2578 0.0003 740.69% 

05-07 consumption -0.0047 0.0158 0.7677 0.4881 -0.95% 

05-07 feed-in 0.0022 0.0012 0.0650 0.0040 54.33% 

07-09 (morning peak) consumption -0.0454 0.0192 0.0177 0.6164 -7.37% 

07-09 (morning peak) feed-in 0.0488 0.0139 0.0005 0.1557 31.31% 

09-12 consumption -0.1001 0.0261 0.0001 0.7755 -12.91% 

09-12 feed-in 0.0690 0.0432 0.1104 408708 5.30% 

12-14 consumption -0.0759 0.0179 0.0000 0.4462 -17.02% 

12-14 feed-in 0.0420 0.0368 0.2545 652326 3.07% 

14-16 consumption -0.0855 0.0187 0.0000 0.4759 -17.96% 

14-16 feed-in 0.0384 0.0372 0.3030 1.1623 3.30% 

16-18 consumption -0.1031 0.0249 0.0000 0.9072 -11.37% 

16-18 feed-in 0.0353 0.0338 0.2975 0.5780 6.10% 

18-20 consumption -0.0911 0.0293 0.0019 1.1821 -7.71% 

18-20 feed-in 0.0280 0.0210 0.1825 0.1425 19.65% 

20-22 consumption -0.0281 0.0268 0.2946 1.0678 -2.63% 

20-22 feed-in -0.0050 0.0067 0.4571 0.0079 -63.06% 

22-24 consumption -0.0260 0.0225 0.2493 0.8361 -3.11% 

22-24 feed-in -0.0017 0.0014 0.2187 0.0001 -1190.68% 

17-19 (narrow peak) consumption -0.1138 0.0285 0.0001 1.1654 -9.77% 

17-19 (narrow peak) feed-in 0.0378 0.0293 0.1975 0.3131 12.06% 

16-20 (wide peak) consumption -0.1942 0.0514 0.0002 2.0893 -9.30% 

16-20 (wide peak) feed-in 0.0633 0.0522 0.2252 0.7205 8.78% 
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Table A11. IV estimates of signing up to the solar efficiency newsletter (assignment 
instrument) 
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Dependent variable estimate SE p-value 

pre-trial 
baseline 
(kWh) 

% change 
relative to 
baseline 

average daily consumption -0.9250 0.3110 0.0029 8.0551 -11.48% 

average daily feed-in 0.4473 0.2598 0.0851 4.7214 9.47% 

00-05 consumption 0.0421 0.0719 0.5579 1.2599 3.34% 

00-05 feed-in 0.0038 0.0033 0.2578 0.0003 1279.24% 

05-07 consumption -0.0080 0.0272 0.7677 0.4881 -1.65% 

05-07 feed-in 0.0038 0.0020 0.0651 0.0040 93.83% 

07-09 (morning peak) consumption -0.0785 0.0331 0.0178 0.6164 -12.73% 

07-09 (morning peak) feed-in 0.0842 0.0241 0.0005 0.1557 54.07% 

09-12 consumption -0.1729 0.0451 0.0001 0.7755 -22.30% 

09-12 feed-in 0.1192 0.0747 0.1105 1.3019 9.16% 

12-14 consumption -0.1311 0.0311 0.0000 0.4462 -29.39% 

12-14 feed-in 0.0725 0.0636 0.2546 1.3686 5.29% 

14-16 consumption -0.1476 0.0324 0.0000 0.4759 -31.02% 

14-16 feed-in 0.0663 0.0643 0.3030 1.1623 5.70% 

16-18 consumption -0.1781 0.0431 0.0000 0.9072 -19.63% 

16-18 feed-in 0.0609 0.0585 0.2976 0.5780 10.54% 

18-20 consumption -0.1573 0.0506 0.0019 1.1821 -13.31% 

18-20 feed-in 0.0483 0.0363 0.1826 0.1425 33.94% 

20-22 consumption -0.0486 0.0464 0.2946 1.0678 -4.55% 

20-22 feed-in -0.0086 0.0116 0.4571 0.0079 -108.91% 

22-24 consumption -0.0448 0.0389 0.2494 0.8361 -5.36% 

22-24 feed-in -0.0030 0.0024 0.2188 0.0001 -2056.42% 

17-19 (narrow peak) consumption -0.1966 0.0493 0.0001 1.1654 -16.87% 

17-19 (narrow peak) feed-in 0.0652 0.0506 0.1975 0.3131 20.83% 

16-20 (wide peak) consumption -0.3355 0.0889 0.0002 2.0893 -16.06% 

16-20 (wide peak) feed-in 0.1092 0.0901 0.2252 0.7205 15.16% 
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Appendix B: Data construction, aggregation and trimming  

This appendix describes (i) how we construct the analysis panel from Eneco’s hourly 
smart-meter data, (ii) how outcomes are defined and aggregated, (iii) trimming and exclusion 
rules, and (iv) the alternative specifications explored. 

B1. Hourly smart-meter data and initial cleaning 

We start from Eneco’s hourly smart-meter readings covering 31 December 2023 to 28 
August 2025. Because 31 December 2023 is a Sunday, keeping it would create a partial first 
week that is not comparable to subsequent full weeks. We therefore drop this initial calendar 
day, so the effective analysis window begins on 1 January 2024. We then apply the following 
cleaning steps to the hourly readings: 

1.​ We remove hourly observations with negative grid consumption or negative feed-in. 
2.​ We restrict the sample to household-days with at least 24 distinct hourly 

observations. When multiple records exist for the same household-hour, we keep 
only the first observation. 

3.​ All timestamps are converted to Europe/Amsterdam time.  
4.​ Because the trial’s peak definitions apply to weekdays only, we restrict the sample to 

weekday observations (weekend hours are excluded). 

B2. Construction of daily and time-window outcomes 

From the cleaned hourly readings, we construct daily outcomes for each household. 
Outcomes include: 

●​ Average weekday daily consumption (kWh/day) and average weekday daily feed-in 
(kWh/day). 

●​ Daily peak-window consumption (kWh/day) and feed-in (kWh/day) outcomes aligned 
with trial definitions: 

○​ Wide evening peak: 16:00-20:00 
○​ Narrow evening peak: 17:00-19:00 
○​ Morning peak: 07:00-09:00 

●​ Additional daily off-peak window consumption (kWh/day) and feed-in (kWh/day) 
outcomes for time periods: 00:00-05:00, 05:00-07:00, 09:00-12:00, 12:00-14:00, 
14:00-16:00, 20:00-22:00, 22:00-24:00. 

All window outcomes are constructed by summing hourly kWh within the window at the day 
level (and then averaging over relevant days, as described below). 

B3. Temporal aggregation  

We create household panels with several different temporal aggregations: 

●​ Weekly panel: For each household-week, we compute the average of the daily 
measures within that week (e.g., average weekday daily consumption, average 
weekday daily feed-in, and corresponding window measures). 
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●​ Monthly panel: We aggregate outcomes to household-month averages. 
●​ Bi-monthly and quarterly panels: We further aggregate outcomes to two-month 

and quarterly averages. 

The monthly panel is preferred because it is computationally feasible for our preferred 
models, it substantially reduces high-frequency volatility and retains enough 
post-intervention time periods for event-study estimation. 

B4. Trimming and exclusion rules 

To reduce sensitivity to outliers and data quality issues, we explored the following trimming 
and exclusion rules: 

●​ Outlier trimming: We trim the top 1% of households by pre-trial average daily 
consumption and independently trim the top 1% of households by pre-trial average 
daily feed-in.  

●​ Zero-consumption runs: We exclude households exhibiting zero consumption in 
two or more consecutive weeks (and we also evaluate a stricter variant using four or 
more consecutive weeks). 

●​ Solar efficiency score bounds: We exclude households with solar efficiency scores 
outside the feasible range [0, 100]. 

All trimming and exclusions are implemented consistently across aggregations, unless 
otherwise noted. 
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