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ABSTRACT 15 

The diffusion of green technologies is critical for climate goals, yet political polarization 16 

influences adoption. We examine how ideology affects electric vehicle (EV) and residential 17 

solar photovoltaic (PV) uptake in Germany, drawing on three-wave survey data (n=2,356–18 

3,092; 2022–24) and municipality-level registrations, installations, and voting data (n=10,733; 19 

2014–23). Supporters of the far-right AfD show significantly lower willingness to adopt EVs 20 

and, to a lesser degree, PVs, compared to Green Party voters. Polarization is not static: while 21 

PV adoption was initially strongly tied to political preferences, this effect weakened as the 22 

technology matured. EV adoption is more polarized but exhibits a declining trend over time. 23 

Yet, we also find that previously unpolitical technologies, like heat pumps, can suddenly 24 

become polarized. Using an instrumental variable approach based on wolf attacks – a proven 25 

predictor of far-right voting – we address endogeneity concerns and identify a causal negative 26 

impact of far-right voting on green technology adoption. 27 

INTRODUCTION 28 

The transition to a sustainable energy future necessitates a substantial reduction in fossil 29 

fuel use. Households contribute to over 70% of global greenhouse gas emissions through their 30 

consumption behavior1, making the rapid scaling of green technologies – such as solar 31 

photovoltaics (PVs), electric vehicles (EVs) and electric heating – a critical component of this 32 

effort2,3. Early adoption was supported by policy interventions, such as purchase price 33 

reductions4,5. However, their long-term impact depends on driving lasting behavioral change6,7. 34 

While demand-side subsidies and declining costs have spurred growth, nonmonetary factors – 35 

such as ease of installation, aesthetics, charging infrastructure, peer effects and cultural 36 

acceptance – are increasingly critical for sustaining demand8–11, as evidenced by the recent 37 

slowdown in EV adoption momentum in major economies like Germany12,13, the UK, and the 38 
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US14. A key factor is the rise of political partisanship, which has turned EV adoption into a 39 

“cultural war,” undermining public support15. 40 

 Previous research shows that political ideology influences energy and climate-related 41 

behavior16,17. Social identity theory highlights two key mechanisms: identity consistency, 42 

where actions align with beliefs18, and signaling of political and social identity17. This is 43 

particularly relevant for green technologies, often perceived as “virtuous consumption” and a 44 

symbol of environmental commitment19. Existing research suggests that PV adoption is less 45 

polarized20, whereas EVs are more politically divisive21. This is partly because cars serve as 46 

strong status symbols with both symbolic and emotional significance22. For example, survey 47 

research suggests that pro-environmental party affiliation is linked to increased EV adoption 48 

in Switzerland23. Similarly, in the U.S., Democrats are more likely than Republicans to 49 

purchase an EV24. Ideology joins other factors previously linked to PV and EV adoption, 50 

ranging from demographics (e.g., income, age, education) to the contextual (e.g., local charging 51 

network, electricity pricing, housing type)25. However, much of the previous research relies on 52 

self-reported behavior, which is often prone to biases and lacks geographic and temporal scope. 53 

Studies on how political ideology influences adoption over time as these technologies mature 54 

remain limited. Most of the research is also heavily focused on the U.S., despite the need for 55 

more country-specific analyses to account for the diverse political and contextual influences 56 

on adoption globally26. Most importantly, the existing empirical studies do not sufficiently 57 

address endogeneity issues27,28 which arise from the strong correlation between political 58 

ideology and socioeconomic factors like education, income, and infrastructure. As some of 59 

these variables are unobservable, the estimated effects of political ideology on green 60 

technology adoption are potentially suffering from omitted variable bias. These limitations 61 

restrict our understanding of the causal relationship between political ideology and green 62 

technology adoption. 63 

In this study, we address these gaps by exploring three critical questions: (RQ1) Does 64 

political ideology have a causal influence on the adoption of green technologies? (RQ2) How 65 

does the influence of polarization differ by technology? (RQ3) How does the influence of 66 

polarization differ over time? 67 

To explore these research questions, we construct a unique dataset that integrates 68 

government-reported and self-reported data on the adoption of green technologies in Germany. 69 

Our approach combines observed adoption behavior at the municipality level (n=10,733; 70 

2002–2023 for PV, and 2016–2023 for EV) with a panel of self-reported survey data (n=2,356–71 

3,092; 3 survey waves, Dec. 2022–Aug. 2024). We focus on Germany, Europe’s largest 72 

economy, renowned for its competitive auto industry and as one of the first countries to adopt 73 

residential solar PV at scale. The widespread adoption of residential solar panels in Germany 74 

began in the 2000s and an initial surge peaked around 2010. What followed were years of 75 

moderate growth until the late 2010s, when adoption rates surged again. Although initial EV 76 

adoption began in 2014, substantial growth only occurred after 2019. Germany's political 77 

system comprises a range of small, mid-sized, and large parties spanning the entire political 78 

spectrum. When it comes to energy and climate-related policies, the strongest divide, as 79 

identified by the Manifesto Project’s29 analysis of party platforms, exists between the pro-80 

environmental Green Party and the far-right AfD Party (Supplementary Note 2). While the 81 

Greens advocate for decarbonization, the AfD opposes EV adoption, denies human-driven 82 
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climate change, claims that EVs are more harmful than combustion engines30,31, and frames 83 

them as symbols of urban elitism32. The AfD holds similar resentments against PV and electric 84 

heating33–35, which they claim are driven by a green political agenda and curtail personal 85 

freedom. Having gained political traction in recent years, the AfD secured 10.3% of the vote 86 

in the 2021 federal election36 and 20.8% in 202537. 87 

Here, we show that far-right ideology is consistently and negatively associated with 88 

adoption of green technologies, a core conclusion that is robust across multiple data sources 89 

and methodological approaches. We interpret this relationship causally, supported by the use 90 

of wolf attacks on livestock as an instrumental variable. However, we find substantial 91 

differences between technologies, with EVs consistently exhibiting greater polarization than 92 

PVs. In our survey responses, EV adoption intentions are 2.5 times higher for supporters of the 93 

pro-environmental Green Party than for those supporting the far-right AfD. By contrast, the 94 

relationship between political ideology and PV adoption is significantly weaker, with Green 95 

Party voters being 78% more likely to adopt solar PV systems. This heightened polarization 96 

around EVs is also evident in observed adoption behavior. When analyzing the influence of 97 

political ideology over time, we observe that the impact of ideology on PV adoption has 98 

significantly decreased as the technology matured. In the early 2000s, a 1% increase in Green 99 

Party vote share corresponded to a 15% higher growth rate of residential PV relative to the 100 

average growth that year. By the late 2010s, this effect had diminished to around 2-3% and 101 

plateaued thereafter. While the ideological effect has also weakened for EVs, it remains higher 102 

than for PVs, having stabilized between 5-8%. Despite this decline, far-right ideological 103 

resistance persists for both technologies. We also show that technologies can become polarized 104 

when entangled in political debates, as shown by the case of heat pumps in Germany following 105 

the contentious 2023 debate over a law aimed at promoting sustainable heating options38. 106 
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RESULTS 108 

Partisan gap in the adoption of green technologies  109 

 110 

 111 
 112 
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Fig. 1. A. Heterogeneity across German municipalities (n=10,733). (1) Residential solar 113 
PV systems per 100 residential buildings (2) Share of EVs among registered cars B. Density 114 
plot of the relationship between the relative political preferences and green technology 115 
penetration in 2023 for German municipalities (n= 10,733). Relative political preference 116 
is based on the 2021 federal election results and is defined as the difference between vote 117 
shares for the pro-environmental Green Party and the far-right AfD Party. Residential solar 118 
PV penetration is measured as the number of installed systems per 100 residential 119 
buildings. It includes all active solar panels which are classified as “residential” in the 120 
official registry of German solar PV systems39. EV penetration is measured as the share of 121 
EVs (including both BEVs and PHEVs) among registered vehicles. The orange line depicts 122 
the correlation between relative political preferences and green technology penetration. C. 123 
Relationship between municipality income level and green technology adoption in 2023 124 
(population-weighted, n= 10,733 municipalities). Income groups are defined by the 33rd 125 
and 66th percentiles of median income. Political orientation is categorized based on the 126 
2021 federal election results. 127 

 128 

Our findings reveal a strong political divide in the adoption of green technologies in 129 

Germany. Residential solar adoption is highest in southern and large non-city states, while EV 130 

adoption follows a similar pattern, with 84% higher registration rates in southern than eastern 131 

states (Fig. 1A). Population density correlates negatively with solar PV adoption and positively 132 

with EV adoption (Supplementary Note 3). Pro-environmental Green Party supporters adopt 133 

solar PV and EVs at higher rates than supporters of the far-right AfD (Fig. 1B), with a stronger 134 

divide for EVs. In 2023, solar PV penetration was 14% higher in Green-leaning municipalities, 135 

while EV adoption showed nearly twice the gap, with over 5% of registered vehicles being 136 

electric compared to 3% in AfD-leaning areas. Adoption rates of both residential solar PV 137 

systems and EVs are positively associated with income level (Fig. 1C). Notably, the 138 

relationship between income and EV adoption is weaker in AfD strongholds, where adoption 139 

remains lower despite higher incomes. This pattern persists across eastern and western states 140 

and is most pronounced in wealthy municipalities. 141 

 To some extent, the political divide in green technology adoption partly reflects 142 

historical differences between eastern and western Germany in both political preferences and 143 

adoption rates. Eastern states have had lower solar adoption growth, especially before 2015, 144 

while also showing higher AfD support. To account for regional differences, we standardized 145 

political preferences at the state level in an additional specification and show that the overall 146 

relationship between political preferences and green technology adoption remains consistent 147 

(Supplementary Note 4). 148 

  149 
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The effect of far-right ideology on green technology adoption  150 

 151 

 152 
 153 

Fig. 2. Regression analyses with the dependent variables being the number of newly 154 
installed residential solar PV systems (left) and the growth rate in EV penetration (right). 155 
Coefficients are shown for three panel data models: (1) Linear panel regression with 156 
demographic, household and adoption-related control variables (2) Panel matching 157 
algorithm using propensity scores for continuous exposures following Wu et al.40 (3) 158 
Instrumental variable (IV) panel regression using wolf attacks as an instrument for AfD 159 
vote shares. Statistical significance levels are *p<0.05, **p<0.01, and ***p<0.001. 160 

 161 

To assess the effect of political ideology on green technology adoption, we use panel 162 

regression models with spatial and temporal fixed effects (Fig. 2, Methods). The key 163 

independent variables are AfD and Green Party vote shares (2014–2023). Our results indicate 164 

that higher AfD support is associated with lower adoption rates for both technologies (PV: -165 

0.0018, p<0.001; EV: -0.024, p<0.001), while higher Green Party support corresponds to 166 

increased adoption (PV: +0.001, p<0.001; EV: +0.02, p<0.001). Our models control for 167 

sociodemographic and contextual factors identified by prior research, such as solar irradiation, 168 

the number of newly constructed residential buildings, and the number of EV charging stations. 169 

Different estimation methods, such as panel matching, yield comparable results and our 170 

findings also remain valid across a series of robustness tests (Supplementary Note 5).  171 

A common challenge in empirical studies examining the link between political ideology 172 

and green technology adoption is the potential for omitted variable bias27. To address the 173 

endogeneity of political ideology, we utilized wolf attacks on livestock as an instrumental 174 
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variable (IV) for AfD Party support, applying a two-stage least squares estimation. The 175 

resurgence of wolves in Germany has led to increased attacks on livestock41, raising safety and 176 

livelihood concerns, particularly among farmers. This has sparked a political debate over their 177 

ecological role42 and protection status. Among conservative voters, anti-wolf sentiments are 178 

linked to cultural resentment and traditional views on resource use. European far-right parties 179 

have amplified the issue, portraying wolves as a significant threat to rural communities43. 180 

Recent research has shown a positive and significant correlation between wolf attacks and 181 

increased far-right support44. Using wolf attacks on livestock as an instrumental variable, we 182 

isolate variations in the endogenous predictor (i.e., the AfD vote share) that are directly 183 

attributable to political ideology (Methods and Supplementary Note 6 for detailed discussion). 184 

The IV regression confirms the negative relationship between AfD voting shares and adoption 185 

of both EV (-0.04, p<0.001) and PV (-0.07, p<0.001). The estimates are larger in magnitude 186 

than the linear panel regression estimate, as IV coefficients capture the local average treatment 187 

effect.   188 
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The partisan gap in green technology adoption over time 189 

 190 

 191 
 192 

Fig. 3: A. Adoption of green technologies over time. PV adoption is measured as the 193 
number of new solar PV systems per 1,000 residential buildings. EV adoption is measured 194 
as the percentage point increase in the share of EVs (BEV and PHEV) among registered 195 
vehicles. Bars indicate adoption levels for different sets of municipalities (n= 10,733): 196 
adoption levels for municipalities that are above the 80th percentile for support of the pro-197 
environmental Green Party (vs. far-right AfD Party) are shown by green (blue) bars and 198 
gray bars indicate the average adoption level across all municipalities. B. Partisan gap 199 
over time. Relative difference in adoption level between municipalities with strong support 200 
for the pro-environmental Green Party (municipalities that are above the 80th percentile 201 
for Green Party vote share, average across 2000–2021) and those with strong support of 202 
the far-right AfD Party (municipalities that are above the 80th percentile for AfD Party vote 203 
share, average across 2013–2021). A difference of -50% indicates that adoption of the 204 
respective technology was 50% lower in municipalities with strong support for the AfD 205 
Party as compared to the adoption level in municipalities with strong support for the Green 206 
Party. Shaded areas represent 95% confidence intervals estimated via bootstrapping with 207 
resampling 10,000 times. C. Influence of political ideology on green technology 208 
adoption over time, relative to annual growth rate. Influence of political ideology is 209 
measured as the effect of a 1% increase in vote share, estimated using a panel regression 210 
with interaction effects between vote share and year. The panel regression includes fixed 211 
effects at the municipality and year level, along with socioeconomic and adoption-related 212 
control variables (Methods). Impact is measured relative to the annual growth rate, i.e. for 213 
instance in 2015, a 1% increase in the vote share for the Green Party would be associated 214 
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with a 5% increase in new solar panels, ceteris paribus. PV adoption is measured by the 215 
growth in the number of solar PV systems per residential building within a municipality 216 
(n=10,733 municipalities, t=20 years), while EV adoption is measured by the growth in the 217 
share of EVs among total registered vehicles within a municipality (n=10,733 218 
municipalities, t=7 years).  219 

As technologies mature, the influence of political ideology shifts. While our earlier 220 

estimates capture average effects across municipalities and time, we now examine how this 221 

relationship evolved. Comparing growth rates in municipalities with strong support for the pro-222 

environmental Green Party and the far-right AfD Party (Fig. 3A), we find the partisan gap was 223 

largest in the early years of adoption. Initially, far-right-leaning municipalities adopted green 224 

technologies at rates 60% (PV) to 80% (EV) lower than pro-environmental municipalities. 225 

However, these differences declined substantially over time (Fig. 3B). 226 

 We estimate the temporal variation of the effects that a 1% increase in the vote shares 227 

for the Green Party and the AfD Party had on green technology adoption (Fig. 3C, Methods). 228 

In the early 2000s, a 1% increase in Green Party support corresponded to a 15% rise in solar 229 

adoption relative to the annual average, but this effect fell to around 3% by the late 2020s and 230 

then levelled off. This suggests that as PV technology matured, political ideology became less 231 

influential. A similar trend is observed for EV adoption, where ideological influence was 232 

strongest early on but weakened over time. However, unlike PVs, EV adoption remained 233 

negatively associated with AfD vote shares, indicating greater polarization.  234 
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Variation of adoption intent across party preferences 235 

 236 

 237 
Fig. 4. A. Aggregated survey responses showing the association between voting intention 238 
and green technology adoption intention across three survey waves (Wave 1, Dec 2022, 239 
n=2,356; Wave 2, May 2024 n=3,092; Wave 3, August 2024, n=2,500). B. Relationship 240 
between self-reported political preferences of survey respondents and green technology 241 
adoption intention. Political preferences are measured on a left (1) to right (11) scale (see 242 
Methods). Coefficients are estimated by a Logistic Regression model with the dependent 243 
variable being a binary indicator of adoption status or intention (i.e., survey responses 244 
“Have adopted” and “Have not adopted, but intend to adopt” were coded as one and others 245 
were coded as zero). The models include socioeconomic control variables as well as spatial 246 
and temporal fixed effects at the federal state (n=16) and survey wave (n=3) level. C. 247 
Relationship between political, demographic, and household characteristics and green 248 
technology adoption intentions. Coefficients are estimated by a Logistic Regression model 249 
with the dependent variable being a binary indicator of adoption status or intention (i.e., 250 
survey responses “Have adopted” and “Have not adopted, but intend to adopt” were coded 251 
as one and others were coded as zero). Besides the independent variables displayed in the 252 
figure, the models also include spatial and temporal fixed effects at the federal state (n=16) 253 
and survey wave (n=3) level. “Adoption of EV/PV” indicates that an indicator of previous 254 
EV adoption is used as an independent variable when PV adoption intention is the 255 
dependent variable, and vice versa. Statistical significance levels are *p<0.05, **p<0.01, 256 
and ***p<0.001.  257 

 258 

To further examine the link between political ideology and green technology adoption, 259 

including individual perceptions, we complement our municipal-level analysis with self-260 

reported data from a three-wave survey of German residents (n = 2,356; n = 3,092; n = 2,500). 261 

In the first wave, 4.5% of participants had adopted an EV, with 12.4% intending to adopt. For 262 

residential solar PV, 7.6% had installed systems, while 17.3% planned to adopt. Notably, 263 

adoption intent varied substantially by voting preference (Fig. 4A). Among Green Party 264 

supporters, 17% planned to adopt an EV, compared to 7% of AfD supporters. For residential 265 

solar PV, the gap was smaller, with Green Party voters showing 78% higher adoption intent. 266 



 

 

11 

Self-reported ideology on a left-right scale confirms that right-leaning individuals are less 267 

likely to adopt green technologies, with a stronger effect for EVs (β = -0.07, p = 0.001, Fig. 268 

4B) than for PVs (β = -0.04, p = 0.039).  269 

We modeled self-reported EV adoption intent using logistic regression with 270 

sociodemographic, household, and state-level controls. Consistent with our descriptive 271 

analysis, EV adoption is more strongly tied to political preferences than PV adoption (Fig. 4C). 272 

While AfD voters are 18% less likely to express PV adoption intent, this effect is not 273 

statistically significant (p = 0.072). In contrast, Green Party voters are 35% more likely to adopt 274 

PV systems (p < 0.001). For EVs, the partisan divide is sharper: AfD voters are 67% less likely 275 

to express adoption intent (p < 0.001), with aversion increasing among politically engaged 276 

individuals. A reinforcing pattern emerges for both technologies – participants who have 277 

adopted PV systems are more likely to consider an EV purchase, and vice versa. Adoption is 278 

also positively associated with higher income, younger age, college education, and 279 

homeownership. Our results are robust across other variable definitions and model 280 

specifications (Supplementary Note 7). 281 

  282 
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Becoming polarized: The case of heat pumps 283 

 284 
Fig. 5. A. Heat pump sales in Germany based on sales data from the European Heat Pump 285 
Association45. B. Online search behavior in Germany for selected terms based on Google 286 
Trends46. Search behavior is reported in relative terms with an index varying between 0 and 287 
100. Search terms included the German terms for heating law, solar PV, electric heating, 288 
electric vehicles, and variations with equivalent meaning. C. Heat pump adoption intent 289 
across three survey waves (Wave 1, Dec 2022, n=2,356; Wave 2, May 2024 n=3,092; 290 
Wave 3, August 2024, n=2,500). Statistical significance levels are *p<0.05, **p<0.01, and 291 
***p<0.001. D. Polarization by technology across three survey waves. Polarization is 292 
calculated as the percentage difference between the adoption intents of Green Party voters 293 
and AfD Party voters. Error bars represent 95% confidence intervals estimated via 294 
bootstrapping with resampling 10,000 times.  295 

Unlike EV and PV adoption, where partisan differences have declined over time, 296 

polarization around heat pumps has recently emerged. Germany has historically lagged behind 297 

other European countries in heat pump adoption, partly due to high electricity costs45. Sales 298 

began accelerating after 2020, peaking at over 430 thousand units in 2023. However, in 2024, 299 

sales dropped by more than 50% – far below expectations (Fig. 5A). The decline was attributed 300 

to an economic downturn, slowed building construction, and pull-forward effects from 2023. 301 

Uncertainty over a new heating law further dampened demand47, despite subsidies covering up 302 

to 70% of costs. Indeed, online search trends show a strong correlation between interest in heat 303 

pumps and the heating law (Fig. 5B). Survey results also indicate a decline in adoption intent, 304 

from 16.5% in December 2022 to 12.1% in August 2024 (Fig. 5C). Initially, heat pump 305 

adoption showed little political polarization, but as overall adoption intent declined – especially 306 

among AfD voters – Green Party supporters reported increased willingness to adopt. By Wave 307 

2, Green Party voters were 95% (p<0.001) more likely to intend heat pump adoption than AfD 308 

voters (Fig. 5D). While this partisan divide remains lower than for EVs (250%), it is 309 

significantly higher than for PV systems (50%). 310 
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DISCUSSION 311 

We provide robust evidence that political ideology is closely tied to green technology 312 

adoption decisions. Specifically, far-right voters are less likely to adopt green technologies, 313 

while pro-environmental party voters are more willing to do so. Crucially and in contrast to 314 

previous research, we address endogeneity by using wolf attacks on livestock as an 315 

instrumental variable to establish causality. Our analysis also reveals distinct differences across 316 

technologies. The political divide is more pronounced for adoption of EVs than for solar PV 317 

systems. This conclusion is supported by multiple approaches: (1) observed purchasing and 318 

election data reveal that a 10% increase in support for the pro-environmental Green Party 319 

increases EV adoption growth by 14% on average, compared to 7% for PV, and (2) self-320 

reported survey data showing Green Party voters have a 245% higher intention to adopt EVs 321 

than AfD supporters, whereas the gap for PV is 78%.  322 

One factor contributing to the differences between technologies and the existence of a 323 

partisan gap is the technology’s maturity. In the early stages of technology diffusion, both PV 324 

and EV adoption exhibit similar sensitivities to pro-environmental vote shares. However, the 325 

relative influence of political ideology decreases over time. This is consistent with the theory 326 

of diffusion of innovation48, which suggests that early adopters are typically more “socially 327 

forward,” while later adopters tend to be more conservative. In the early 2000s, PV adoption 328 

showed a strong political correlation, with a 1% increase in Green Party vote share resulting in 329 

a 15% higher growth rate compared to the average growth that year. However, by the late 330 

2010s, this influence had diminished significantly to 2-3% and subsequently leveled off. For 331 

EVs, although the impact of political ideology has also declined over time, it remains more 332 

pronounced, stabilizing at a range of 5-8%.  333 

EVs may be inherently more polarizing than solar PV due to their visibility and role as 334 

status symbols, enhancing their identity-signaling22. Moreover, stark differences in underlying 335 

beliefs among party supporters amplify this polarization. When presented with statements 336 

about climate benefits, raw material use, lifespan, and explosion risks of EVs, AfD voters 337 

expressed substantially more negative views compared to Green Party supporters and the 338 

general public (Supplementary Note 8). For example, only 26% believe replacing a combustion 339 

engine with an EV is climate-friendly, compared to 61% of Green party voters. Similarly, 9% 340 

of AfD voters think raw materials for EV production are abundant, compared to 31% of Green 341 

Party voters. Statements regarding the adoption of solar PV received a generally higher level 342 

of positive beliefs, even among AfD voters. While differences between political sides remain, 343 

they are notably less pronounced in the case of solar PV.  344 

However, technologies can also become polarized, as demonstrated by the case of heat 345 

pumps. The enactment of a law aimed at replacing oil and gas heaters sparked a contentious 346 

public debate38,49. Conservative and far-right parties criticized the law as ideologically 347 

motivated, thereby mobilizing opposition. This debate coincided with a halving of demand for 348 

heat pumps, despite subsidies covering up to 70% of costs50. Our findings show a sharp decline 349 

in adoption intentions following the debate, along with the emergence of a partisan gap. 350 

Initially, polarization was minimal, aligning with prior research suggesting low political 351 

division over heat pumps21. However, by 2024 (i.e. after the debate), Green Party voter 352 

adoption intent rose from 13% to 19%, while AfD voter intent dropped from 15% to 9%. This 353 

https://www.zotero.org/google-docs/?mkv4He
https://www.zotero.org/google-docs/?EaEKV4
https://www.zotero.org/google-docs/?RdELc4
https://www.zotero.org/google-docs/?4eQRRm
https://www.zotero.org/google-docs/?w7Nu5C
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suggests that political discourse can transform technologies into political battlegrounds, 354 

affecting overall adoption rates.  355 

Our study is not without limitations, presenting avenues for future research. First, our 356 

municipality-level analysis is limited to election vote share data, which serves as a proxy for 357 

regional ideological trends but does not directly capture individual-level beliefs or alignment 358 

with far-right platforms. Second, although far-right parties held no governing power during the 359 

study period, the Green Party's presence in municipal, state, and federal governments may have 360 

strengthened the influence of its vote share. If these parties gain power, their direct and indirect 361 

influence on green technology adoption could grow, shaping local debates – such as charging 362 

station construction – and further impacting adoption decisions. To help account for policy 363 

changes, we include county-year fixed effects (Supplementary Note 5). Third, our dataset is 364 

uniquely comprehensive, capturing early adoption trends over a 20-year period. However, due 365 

to privacy restrictions it is aggregating PHEVs and BEVs under EVs and combines commercial 366 

and residential ownership. While these markets differ slightly, robustness checks on a limited 367 

subset confirm that political ideology remains a significant factor. 368 

 Our research shows that political ideology shapes green technology adoption in 369 

Germany, potentially hindering European decarbonization efforts. These findings have 370 

important implications for policymakers and firms promoting green technologies. For one, 371 

charging infrastructure deployment strategies must be revisited. The current German approach, 372 

which prioritizes areas with higher existing adoption rates, risks exacerbating regional 373 

disparities, as far-right-dominated regions tend to have lower adoption rates and often cluster 374 

geographically. Also, communication strategies should reflect ideological differences. 375 

Reducing uncertainty and addressing negative expectations could help overcome resistance to 376 

adoption51. Tailored messaging that addresses specific concerns and values is likely to be more 377 

effective than uniform approaches52. For example, the appeal of personal freedom through 378 

energy independence – especially in the context of rising energy costs and growing residential 379 

solar PV penetration – may resonate across ideological divides.  380 

Still, technology perceptions may not yet be deeply entrenched, influenced by broader 381 

societal and political dynamics. For instance, Tesla CEO Elon Musk's growing alignment with 382 

conservative and far-right parties53 raises key questions: Could this shift encourage EV 383 

adoption among skeptical far-right voters or deter left-leaning consumers? Understanding these 384 

dynamics is important, as anecdotal evidence suggests that broader adoption can positively 385 

shift attitudes toward green technologies54. This underscores the importance of overcoming 386 

initial inertia and achieving a critical adoption mass – potentially through the (re-)introduction 387 

of subsidies – to normalize EVs across ideological divides.   388 

https://www.zotero.org/google-docs/?CFyJZF
https://www.zotero.org/google-docs/?eWcaWU
https://www.zotero.org/google-docs/?01XCI0
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METHODS  389 

Data sources 390 

This study utilizes two primary datasets: an observational dataset that includes green 391 

technology adoption, socio-economic characteristics, and relevant controls at the municipality 392 

level as well as a survey dataset that includes self-reported political affiliations, socio-economic 393 

characteristics, and technology adoption intentions of respondents.  394 

To construct the observational dataset, we combined the following municipality level 395 

data that were obtained from publicly accessible sources and public record requests: (1) Vehicle 396 

registrations were sourced from the German Federal Motor Transport Authority (Kraftfahrt-397 

Bundesamt, KBA) for the years 2014 to 202355. The scientific use-files contain the number of 398 

vehicles per 1st of January and we thus interpreted the 2024 file as the vehicle fleet of 2023. (2) 399 

Solar deployment data were extracted from the official registry of German solar PV systems 400 

(Marktstammdatenregister), which covers the period from 2000 to 202339. (3) Records of wolf 401 

attacks, voting data, and shapefiles for municipalities were obtained from the repository of 402 

Clemm von Hohenberg and Hager (2022)44. (4) Panel data encompassing income, 403 

unemployment rates, demographic composition, and housing statistics were extracted from a 404 

database managed by federal and state governments (“Regionaldatenbank”)56. While data 405 

availability varies across variables, it typically covers the period spanning from 2007 to 2022. 406 

(5) Data on the deployment of electric vehicle charging stations between 2000 and 2023 were 407 

obtained from Germany’s Federal Network Agency (“Bundesnetzagentur”)57. (6) As an 408 

additional control variable, we sourced the locations of German highways (Autobahnen) from 409 

the geoportal of the Federal Agency for Cartography and Geodesy58. (7) The shapefiles of 410 

postal code areas for the year 2022 were obtained from Suche-Postleitzahl.de, a publicly 411 

accessible website offering detailed geographical information for Germany at the postal code 412 

level59. 413 

To construct the survey dataset, we conducted a three-wave survey in December 2022, 414 

May 2024, and August 2024, targeting residents of Germany. The survey explored participants’ 415 

concerns about energy availability and costs, their support for various government policies, and 416 

their willingness to adopt green technologies, including electric vehicles (EVs) and solar panels 417 

(PVs). Sociodemographic and household information were also collected. The survey waves 418 

included 2,356 participants in December 2022, 3,092 in May 2024, and 2,500 in August 2024. 419 

Of these, 816 participants completed all three waves. Additional participants were recruited in 420 

later waves to ensure a representative sample for each wave. The internet-based survey, 421 

conducted by YouGov, targeted individuals aged 18 years and older. It was designed in 422 

English, translated into German, and administered in German to participants. The 423 

representation of party affiliations aligns closely with the outcomes of the 2021 federal 424 

election; Federal Election Results vs. Survey outcome: SPD 25.7% vs. 25.4%, CDU 24.1% vs. 425 

19.7%, AFD 10.3% vs. 9.1%, Greens 14.8% vs. 18.4%, FDP 11.5% vs. 11.4%, Left 4.9% vs. 426 

6.7%. 427 

https://www.zotero.org/google-docs/?dkeLZw
https://www.zotero.org/google-docs/?w5B9qd
https://www.zotero.org/google-docs/?LhOcBw
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https://www.zotero.org/google-docs/?6jYHjf
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Econometric approach for estimating the effect of political ideology on green 428 

technology adoption 429 

 To identify the effect of ideology and partisanship on the adoption of solar PV systems 430 

and EVs, we applied various econometric modelling techniques to our observational dataset. 431 

Specifically, we employed Linear Panel Regression, a Panel-matching algorithm, and 432 

Instrumental Variable Regression to estimate causal effects. Furthermore, we utilized Logistic 433 

Regression to explore the relationship between self-reported political affiliations and 434 

technology adoption intentions. 435 

Linear Panel Regression 436 

To estimate the effect of political ideology on technology adoption behavior, we specified the 437 

following regression model:  438 

 439 𝑇𝑒𝑐ℎܵℎܽݎ𝑒ݐݓ݋ݎܩℎெ௨௡,௒௘௔௥  = + ߙ  ெ௨௡,௒௘௔௥−1ܦ݂ܣ ߚ  + 𝑒𝑒݊ெ௨௡,௒௘௔௥−1ݎܩ ߟ   + ெ௨௡,௒௘௔௥ܺߛ  ெ௨௡ߜ + + ߶௬௘௔௥ + ߳  (1)  440 

 441 

where TechShareGrowth is the change in the adoption rate of green technologies within a 442 

municipality in a given year. TechShareGrowth is either the number of residential solar 443 

installations per residential building or the share of electric vehicles among the total number of 444 

registered passenger cars within a municipality. Due to data availability limitations, we 445 

considered both battery electric and plug-in hybrid electric vehicles as EVs. We further include 446 

the share of commercially-owned vehicles in a robustness check to control for the potential 447 

impact of company car privileges and density of corporations. As we lack observations of the 448 

share of commercially-owned vehicles for ~50% of observations, we do not include it in our 449 

main specification (Supplementary Note 5). 450 

We observed vote shares for the AfD and Green parties across federal, state, and 451 

municipality-level elections since 2013. In our main specification, we define AfD and Green as 452 

the average share of votes for the respective party across all elections and interpolate years 453 

without an election. In Supplementary Note 5, we tested other definitions of the vote share 454 

variables, which confirm our main results. We did not use polling data, as to the best of our 455 

knowledge it is not available at the municipality-level.  ߜெ௨௡ is a spatial fixed effect at the 456 

municipality-level and ߶௬௘௔௥ a temporal fixed effect at the year level. ܺெ௨௡,௒௘௔௥ is a control 457 

vector that includes previously identified determinants of technology adoption23,25 such as 458 

income, population density, unemployment level, prevalence of single-family homes, age 459 

demographics, existing solar PV deployment, the availability of charging stations, and access 460 

to highways. Data on vote shares for the AfD Party is available from 2013, the year the party 461 

was founded, and EV adoption is observed from 2014 to 2023. Consequently, our dataset is 462 

limited to 87,340 observations across 9 years for 10,267 municipalities, with 9,257 observations 463 

excluded due to missing data on technology adoption, election outcomes, or control variables. 464 

For some specifications that focus on solar panel installations, we include only Green Party 465 

vote shares, which enables us to extend the panel analysis back to the year 2000. This results in 466 

220,878 observations, with 31,602 excluded due to incomplete data.  467 

https://www.zotero.org/google-docs/?BcSNY3
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Panel-matching algorithm  468 

We then estimated the effect of political preferences on green technology adoption using 469 

the panel matching algorithm proposed by Wu et al. (2024)40, which is specifically designed 470 

for continuous exposure variables, such as the voting shares of the AfD and Green parties in 471 

our case. We used the same control variables as in equation (1), including a year variable and 472 

an eastern state indicator, to generate a pseudo-population. After obtaining the matched dataset, 473 

we fitted a non-parametric exposure-response function using a kernel smoother to determine 474 

the effect of higher vote shares for the AfD Party on green technology adoption. Confidence 475 

intervals were obtained by applying bootstrapping with 1,000 repetitions. 476 

Instrumental Variable Regression 477 

Our identification strategy is based on the use of wolf attacks as an instrument for the 478 

share of AfD Party voters. Prior research has shown that wolf attacks on livestock affects voting 479 

behavior, especially as far-right parties such as the AfD explicitly exploit changes in sentiment 480 

and potential fear for loss of livelihoods44. We used a two-stage-least-squares approach60: In 481 

the first-stage regression, we regress AfD vote share on WolfAttacks and all control variables 482 

from equation (1), which is then specified as:  483 

ெ௨௡,௒௘௔௥−1ܦ݂ܣ  484  = + ߙ  ெ௨௡,௒௘௔௥−1ݏ𝑐݇ܽݐݐܣ݂݈݋ܹ ߚ   + ெ௨௡,௒௘௔௥ܺߛ  + ெ௨௡ߜ  + ߶௬௘௔௥ + ߳ (2)  485 

 486 

where WolfAttacks is an indicator variable set to 1 in case of a wolf attack in the municipality 487 

during the previous 4 years. For the instrument to be valid, it must satisfy the relevance 488 

condition, meaning it must be sufficiently correlated with the variable of interest. The 489 

resurgence of wolves in Germany, migrating primarily from Eastern European countries61, has 490 

resulted in a rise in livestock attacks41, sparking concerns about both safety and, more critically, 491 

the livelihoods of rural communities. The far-right AfD Party has amplified these fears, 492 

leveraging social media to depict wolves as a major threat. Recent research has revealed a 493 

positive and significant correlation between wolf attacks and increased vote shares for the far-494 

right44. The coefficient of WolfAttacks in the first-stage regression is positive and significant 495 

(p<0.001). The size of the effect is similar to the effect sizes reported by Clemm von Hohenberg 496 

and Hager (2022)44. Staiger and Stock (1997)62 state that a sufficiently strong instrument is 497 

indicated by an F-statistic of at least 10 for the null hypothesis that the instrument is irrelevant 498 

(i.e., ߚ = 0). We find an F-Statistic of 258 which strongly supports the assumption that wolf 499 

attacks are a suitable instrument. Consistent with prior research, we conclude with high 500 

confidence that weak identification is not a concern. 501 

 In addition, the instrument must satisfy the exclusion restriction, i.e. it is required that 502 

WolfAttacks have no direct effect on the adoption of solar PV systems or EVs. This hypothesis 503 

is generally not testable, but we argue, it is highly unlikely that wolf attacks have a direct effect 504 

on green technology adoption. By including population density, income and age groups as well 505 

as municipality-level fixed effects, we control for any unobserved time-invariant municipality 506 

variation, such as the degree of urbanization or (persistent) differences in housing 507 

characteristics. Wolf attacks are independent of economic cycles and energy prices, especially 508 

after including year fixed effects. Other direct effects, such as farmers in very small 509 

https://www.zotero.org/google-docs/?RBEL37
https://www.zotero.org/google-docs/?a6lLEs
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municipalities losing their livelihoods and income, thus forgoing an investment in green 510 

technologies, are unlikely to have a measurable effect due to the scale of wolf attacks relative 511 

to the size of the average municipality. The highest number of wolf attacks within a four-year 512 

period in our sample is 67, while the average rural municipality has 2,288 inhabitants. Also, 513 

compensation payments by the government reduce the economic impact of wolf attacks61. 514 

Furthermore, we conducted an out-of-sample test by focusing on solar adoption during the 515 

period prior to 2013 (before the establishment of the AfD Party), as there were no EVs available 516 

at that time. While this test falls under an out-of-sample approach and is not without flaws – 517 

such as other political parties potentially addressing the wolf issue and fewer wolf attacks 518 

occurring before 2013 – it represents the closest comparable setting available. In this earlier 519 

period, not only does the strength of the instrument significantly diminish (F-statistics of 20, 520 

and an insignificant WU-Hausman test), but the effect of Green Party vote share is also found 521 

to be insignificant (Supplementary Note 6). 522 

Influence of ideology over time 523 

To estimate the effect of political ideology on green technology adoption over time, we 524 

employed a linear panel regression model with municipality and year fixed effects, thereby 525 

controlling for time-invariant differences across municipalities as well as broader temporal 526 

trends. Our main focus was on analyzing the interactions between vote shares (AfD and Green 527 

Party) and year, to understand how the impact of ideology evolves over time. For solar PV 528 

adoption, growth was measured as the number of new residential solar PV systems installed 529 

per residential building in each municipality. For EVs, growth was quantified as the increase 530 

in the share of EVs among registered vehicles within a municipality across years. The panel 531 

dataset for solar PV adoption covers a span of 20 years, whereas the dataset for EV adoption 532 

includes 7 years of data, reflecting the more recent uptake of EV technology. Data on vote 533 

shares for the AfD Party has been available since the party’s founding in 2013, which limits 534 

the timeframe of AfD-related effects on solar PV adoption that we could analyze. Our model 535 

included controls for the level of technology diffusion in the previous year, such as the total 536 

number of installed solar panels or the share of EVs among registered cars, as well as 537 

socioeconomic and other standard control variables commonly associated with adoption 538 

decisions, such as income, population demographics, and education levels.  539 

 We then calculate the relative impact of political ideology on technology uptake by 540 

dividing the effect of ideology on adoption growth by the average growth rate within a year. 541 

The results quantify the expected effect of a 1% increase in AfD or Green party vote share on 542 

the growth rate, as a percentage of the average growth rate of the technology in a given year.  543 

Exploring the association between self-reported political affiliations and technology 544 

adoption intention through Logistic Regression 545 

We applied Logistic Regression to estimate the association of self-reported political 546 

affiliation and technology adoption intention. Our dependent variable is adoption willingness 547 

(AW), a binary variable set to 1 if respondents answered the question “Do you plan to purchase 548 

solar panels /an electric vehicle in the next year?” with either “Have purchased” or “Have not 549 

https://www.zotero.org/google-docs/?HUHb7H


 

 

19 

purchased but intend to purchase”. Our main variables of interest are measures of party 550 

affiliation and political orientation. We control for demographic variables such as gender (46% 551 

male), household income (50% 3,000 Euro or higher), education (52.1% Abitur or higher) and 552 

age (mean = 49.9) along with an indicator for the respective federal state of the respondent to 553 

account for the socio-economic contrasts between East and West Germany. Furthermore, we 554 

included household-level characteristics such as the number of household members (mean = 555 

2.25), car ownership (mean = 80% of households) and homeownership status (mean = 18%).  556 

 Our model is specified as follows: 557 

)݃݋݈  558  ஺ௐ1 − ஺ௐ) = + ߙ  ܦܨܣ ߚ  ோ௘௦௣. + 𝑒𝑒݊ݎܩ ߟ ோ௘௦௣.  + .ோ௘௦௣݈݋ݎݐ݊݋ܥߛ  + ௌ௧௔௧௘ߜ  + ߳  (3) 559 

 560 

AFD and Green are binary variables, indicating the respective party affiliation. Control is a 561 

vector containing all previously mentioned control variables. Our findings are robust to 562 

alternative specifications of the regression models, including linear regression and the 563 

integration of various control variables (see Supplementary Note 7). Similarly, we applied this 564 

approach to estimate the influence of left-right political positioning on adoption willingness. 565 

We define the left-right scale in alignment with the RILE score methodology from the 566 

MANIFESTO project29. The left is associated with a commitment to social equality, 567 

government regulation of the economy, wealth redistribution, comprehensive public welfare 568 

programs, and progressive social policies63. Conversely, the right reflects an emphasis on free 569 

market principles, limited government intervention, lower taxation, strong national defense, and 570 

conservative social values. In our survey, participants provided self-assessments of their 571 

political orientation (Ideology ) on a scale from 1 (strongly left-leaning) to 11 (strongly right-572 

leaning) (mean = 5.5) and we then fit a logistic regression structured as follows: 573  ݈݃݋( ஺ௐ1 − ஺ௐ) = + ߙ  ݕ݃݋݈݋𝑒݀ܫ ߚ  ோ௘௦௣.  + .ோ௘௦௣݈݋ݎݐ݊݋ܥߛ  ௌ௧௔௧௘ߜ + + ߳  (4) 574 

  575 
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DATA AVAILABILITY STATEMENT 576 

 577 

German vehicle fleet and EV adoption data was acquired through the scientific use-files of the 578 

German Federal Motor Transport Authority (“Kraftfahrt-Bundesamt”, KBA) and is not 579 

publically available 580 

(https://www.kba.de/DE/Statistik/Forschungsdatenzentrum/Datenangebot/Bestand_im_ZFZR581 

/2023/bestand_zfzr_2023_node.html#offs2023.1). Solar panel installation data was sourced 582 

from the official registry of German solar PV systems (Marktstammdatenregister, 583 

https://www.marktstammdatenregister.de/MaStR). Data regarding the location of the German 584 

Autobahn network was obtained from the Geoportal, which is publicly accessible at 585 

(https://www.geoportal.de/). Wolf attacks, voting data, and municipality shapefiles were 586 

acquired from the publicly available repository of Clemm von Hohenberg and Hager (2022) 587 

(https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/OOHLYX&vers588 

ion=1.0). EV charging station data was sourced from the Ladesäulenregister by the 589 

Bundesnetzagentur (https://www.bundesnetzagentur.de/DE/Fachthemen/ElektrizitaetundGas/ 590 

E-Mobilitaet/Ladesaeulenkarte/start.html). The postal code areas (PLZ) were obtained from 591 

Suche-Postleitzahl.de, a publicly accessible website providing detailed geographical 592 

information at the postal code level (https://www.suche-postleitzahl.org/ 593 

downloads). Panel data on income, unemployment, age, and buildings were sourced from the 594 

Regionaldatenbank (https://www.regionalstatistik.de/genesis/online ). 595 

We cannot share the raw EV adoption data due to the conditions of the data use 596 

agreement. Those interested in obtaining this data should contact the Kraftfahrt-Bundesamt 597 

directly. All other datasets, including the survey results, to replicate the results, are available 598 

through the Open Science Framework at 599 

https://osf.io/hk85r/?view_only=4a13ba446f21434c8fc7d83e35f91cd3. This is a private link 600 

for peer review that will be made public before publication. 601 

 602 

CODE AVAILABILITY STATEMENT 603 

The code to replicate the results and figures is available through the Open Science Framework 604 

at https://osf.io/hk85r/?view_only=4a13ba446f21434c8fc7d83e35f91cd3. This is a private 605 

link for peer review that will be made public before publication. 606 
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