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Abstract 

This study examines whether rising wind- and solar-based renewable generation weakens the transmission of 

producer energy-cost shocks to consumer inflation. Using a monthly multi-country panel for 2014–2025, we 

estimate pass-through from energy-related producer price increases to CPI inflation and assess how this 

relationship varies with the share of renewables in electricity generation. A factor-augmented empirical strategy 

combined with local-projection impulse responses allows us to identify energy-cost shocks and trace their dynamic 

effects across countries with different market and tariff structures. 

The results show that energy-cost shocks significantly raise CPI inflation, but the magnitude of this pass-through 

declines as the renewable share increases. Moving from low to high wind-solar penetration reduces the one-year 

CPI response by roughly one-third, while a 10-percentage-point increase in renewables lowers the peak effect at 

six months. These findings are consistent with both wholesale price moderation and partial filtering through retail-

tariff frameworks. Robustness checks using alternative shock definitions, sample splits, and identification 

strategies confirm the attenuation pattern. 

Policy implications are clear: expanding renewable capacity, together with flexible system design and transparent 

tariff structures, can dampen the inflationary impact of upstream energy-cost shocks. The green transition therefore 

acts not only as a decarbonization pathway but also as a potential source of greater price stability. 
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1.Introduction  

Energy price shocks have been a central driver of inflation dynamics in recent years, yet their 

propagation from producer prices (PPI) to consumer prices (CPI) is unlikely to be invariant 

across structural regimes. During the 2021–2023 energy crisis, wholesale natural gas prices in 

Europe rose by more than 700 percent (European Commission, 2023), while electricity markets 

experienced historically high volatility. At the same time, the global power system has 

undergone a profound transformation: the share of wind and solar in electricity generation 

exceeded 40% worldwide in 2024 (IEA, 2024), fundamentally altering wholesale price 

formation. These developments suggest that traditional assumptions of stable, time-invariant 

cost pass-through may no longer hold. 

The academic literature demonstrates that the macroeconomic effects of energy shocks vary 

over time and depend on their underlying source. Kilian (2009) shows that supply-driven and 

demand-driven oil shocks generate distinct inflationary patterns. Subsequent evidence indicates 

that the inflationary impact of energy shocks has moderated in the post-2000 era due to 

structural reforms and credible monetary policy (Baumeister & Hamilton, 2019). The European 

gas crisis further highlights pronounced cross-country heterogeneity in pass-through, driven by 

differences in energy intensity, market design, and policy interventions (Baumeister, Leiva-

León, & Peersman, 2023). Meanwhile, wind- and solar-based renewables continue to expand 

rapidly (Ember, 2025), reshaping marginal cost structures and affecting both the level and 

volatility of wholesale electricity prices. 

Despite these insights, a key research gap remains. No existing study examines whether the 

transmission of producer energy-cost shocks to consumer inflation systematically depends on 

the level of renewable penetration. The integrated wholesale–retail–CPI chain has not been 

analyzed in a multi-country, high-frequency setting, particularly during the 2021–2023 period 

when energy markets underwent significant structural shifts. Moreover, the interaction between 

renewable penetration, retail tariff design, and market regulation remains largely unexplored. 

This study addresses these gaps by combining a multi-country monthly dataset with state-

dependent empirical methods. 

This paper makes three contributions. First, we compile a novel monthly multi-country panel 

(2014–2025) linking PPI-energy inflation, CPI dynamics, renewable generation shares, and 

retail electricity tariffs. Second, we employ a factor-augmented approach and local-projection 

impulse responses to identify energy-cost shocks and estimate how pass-through varies across 
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renewable regimes. Third, we provide the first cross-country quantitative evidence that rising 

renewable penetration systematically weakens the magnitude and persistence of PPI→CPI 

pass-through. 

In preview, our results show that higher renewable penetration substantially reduces the one-

year CPI response to producer energy-cost shocks—suggesting that the green transition may 

act as a macro-stabilizing force by dampening inflationary exposure to energy shocks. 

 

2.Theoretical Framework 

The transmission of cost shocks from producer to consumer prices has long been analyzed in 

both macroeconomics and industrial organization. Classical models of pricing under imperfect 

competition emphasize that cost pass-through is not constant but varies with demand elasticity, 

market structure, and firms’ markups (Auer & Schoenle, 2016; Amiti, Itskhoki, & Konings, 

2019). Recent microeconomic evidence corroborates this view, showing heterogeneity in pass-

through across sectors and supply chains (Baqaee & Farhi, 2020). These insights imply that 

aggregate PPI→CPI transmission is best modeled as a state-dependent process, contingent on 

institutional and structural conditions. 

The literature on energy shocks offers further evidence of conditionality. Kilian (2009) 

demonstrates that the macroeconomic effects of oil price shocks differ depending on whether 

they originate from supply or demand disturbances. Baumeister and Hamilton (2019) highlight 

that the inflationary impact of oil shocks has diminished since the 1970s, reflecting structural 

market changes and stronger monetary-policy credibility. Recent European evidence confirms 

that the pass-through of natural gas and electricity shocks during 2021–2023 was substantial 

but highly variable across regimes, underscoring that the inflationary consequences of energy 

shocks cannot be assumed stable over time (Baumeister, Leiva-León, & Peersman, 2023). 

A parallel literature in electricity economics shows how variable renewables (VREs) such as 

wind and solar reshape price formation. With near-zero marginal costs, their expansion shifts 

the supply curve downward, displacing fossil-fuel generators, reducing average spot prices, and 

lowering the market value of renewables as penetration increases (Hirth, 2013). Empirical 

studies in Germany, Spain, and other liberalized markets document sizable price-depressing 

effects (Sensfuß, Ragwitz, & Genoese, 2008; Gelabert, Labandeira, & Linares, 2011). More 

recently, global datasets show that clean sources surpassed 40% of electricity generation in 
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2024, making the macroeconomic relevance of this mechanism substantial (IEA, 2024; Ember, 

2025). 

The effect of VRE on volatility is more ambiguous. Some studies find that renewables dampen 

extreme price spikes, particularly in systems with flexible balancing and interconnection 

(Ketterer, 2014). Others argue that high wind penetration without sufficient flexibility may 

amplify short-term variability (Wozabal, Graf, & Hirschmann, 2016). This heterogeneity 

indicates that the volatility channel must be studied empirically, with expectations that the sign 

and size of the effect will vary by country, system design, and regulatory framework. 

Whether wholesale shocks ultimately reach CPI depends heavily on retail frictions. Retail 

electricity prices consist of three main components: wholesale energy, network charges, and 

taxes/levies. In many EU countries, non-energy components dominate final bills, meaning 

wholesale signals are attenuated or delayed (European Commission, 2023). During the 2022 

energy crisis, widespread interventions—including tariff caps, tax adjustments, and subsidies—

further distorted pass-through (IEA, 2023). Evidence from Norway and Eastern Europe 

similarly shows that long-term contracting and regulated tariffs weaken the wholesale-to-retail 

link (Asche, Gjolberg, & Völker, 2021). As a result, even if renewables dampen wholesale 

shocks, the CPI impact is mediated by institutional features, implying cross-country 

heterogeneity. 

Against this background, the theoretical mechanism connecting renewables to pass-through 

operates through three channels. First, a level effect, whereby greater renewable penetration 

reduces wholesale prices, shrinking the magnitude of PPI-energy shocks. Second, a volatility 

effect, where renewables can either smooth or amplify fluctuations depending on system 

flexibility, thus affecting the persistence of pass-through. Third, a filtering effect, whereby retail 

regulation, taxes, and network charges determine how much of wholesale shocks reach final 

consumers. Taken together, these imply that the elasticity of PPI→CPI transmission is not fixed 

but varies systematically with renewable penetration and country-specific institutional contexts 

(see Figure 1). 
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Figure 1: Mechanism Linking renewables to PPI to CPI Pass Through 

 

Source: Figure 1 prepared by the author 

 

 

 

Econometrically, a factor-augmented panel SVAR is well suited to capture this state 

dependence. Bernanke, Boivin, and Eliasz (2005) show that FAVARs can summarize common 

global drivers—commodity markets, financial conditions, exchange rates—into latent factors, 

allowing cleaner identification of country-specific dynamics. Jordà’s (2005) local projections 

provide a complementary approach, robust to misspecification, to directly estimate interaction 

impulse responses with renewables penetration. External instruments, such as Kilian-type oil 

and gas shock decompositions, help isolate supply-driven shocks from demand-driven ones 

(Kilian & Zhou, 2020). This toolkit provides a strong theoretical and methodological foundation 

for testing whether rising renewables shares weaken PPI→CPI pass-through. 

In sum, the combined literatures on pass-through, energy shocks, and electricity market 

dynamics support a coherent hypothesis: as wind and solar penetration increases, the 

inflationary impact of energy-cost shocks should become progressively state-dependent. 

Wholesale price formation is reshaped by the merit-order effect, volatility channels remain 

uncertain but measurable, and retail frictions act as filters. The result is a theoretically grounded 

expectation that PPI→CPI transmission elasticities vary with renewable penetration, which this 

study seeks to test in a multi-country setting. 



Do Renewables Reduce Energy Cost Pass-Through? Evidence from Wind–Solar Penetration and PPI-to-CPI Transmission in a Multi-

Country Panel 

719 
 

3. Literature 

The literature on cost pass-through increasingly emphasizes that transmission from producer 

prices to consumer inflation is heterogeneous and shaped by market structure, policy 

environments, and energy system characteristics. Recent empirical studies show that the 

magnitude and persistence of pass-through differ substantially across countries and over time, 

reflecting changes in energy intensity, market integration, and regulatory interventions. This 

growing evidence underscores the need for a broader cross-country perspective, particularly 

during periods of large energy shocks, such as the 2021–2023 European gas crisis. 

 

Research on cost pass-through consistently shows that the transmission from producer to 

consumer prices is incomplete and varies systematically with market and institutional 

conditions. Micro-evidence demonstrates that pricing-to-market, variable markups, and 

demand elasticity all contribute to heterogeneous pass-through outcomes (Auer & Schoenle, 

2016; Amiti, Itskhoki, & Konings, 2019). This insight implies that PPI→CPI transmission 

should be conceptualized as a state-dependent process rather than a fixed parameter (Baqaee & 

Farhi, 2020). 

Within the energy domain, the literature has established that shocks to oil and gas markets have 

historically shaped inflation but with differing magnitudes over time. Kilian (2009) 

demonstrated that supply- versus demand-driven oil shocks have distinct macroeconomic 

implications. More recent work shows that since the 2000s the inflationary effect of oil shocks 

has moderated, partly due to structural reforms and credible monetary policy (Baumeister & 

Hamilton, 2019). During the 2021–2023 energy crisis, studies focusing on the euro area found 

that natural gas shocks, rather than oil, were the primary drivers of inflationary pressure, and 

that their pass-through differed significantly across member states depending on energy 

intensity and policy design (Baumeister, Leiva-León, & Peersman, 2023; ECB, 2024). 

Recent studies have examined the heterogeneous impact of energy shocks across different 

inflation environments. Casoli, Manera, and Valenti (2024) show that oil and gas price shocks 

transmit unevenly to euro-area inflation, with gas shocks exhibiting stronger short-run effects. 

ECB (2024) provides cross-country evidence that gas-induced pass-through during the 2021–

2023 crisis varied widely across member states, depending on energy mix, tariff indexation, 

and policy interventions. Gibbard (2025) and Dormady (2025) highlight that retail electricity 

price formation differs significantly between regulated and liberalized markets, further 
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influencing the degree to which wholesale shocks reach consumers. These studies collectively 

indicate that institutional and structural characteristics are crucial determinants of pass-through 

dynamics. 

 

Parallel strands in electricity economics emphasize the structural impact of variable renewables 

(VREs) on wholesale price formation. Because wind and solar operate at near-zero marginal 

cost, their deployment shifts the merit order downward, displacing fossil generators and 

lowering day-ahead prices (Sensfuß, Ragwitz, & Genoese, 2008). Empirical studies of Spain 

confirm similar price-depressing effects (Gelabert, Labandeira, & Linares, 2011), while Hirth 

(2013) formalized the concept of declining “market value” of VREs as penetration rises. More 

recent analyses show that global clean generation surpassed 40% of total electricity in 2024, 

driven by record solar and wind growth (IEA, 2024; Ember, 2025), which elevates the 

macroeconomic relevance of this mechanism. 

The effect of VREs on volatility is, however, less straightforward. Ketterer (2014) found that 

wind power reduced average German wholesale prices but increased short-term volatility, while 

Wozabal, Graf, and Hirschmann (2016) showed that intermittent renewables affect the variance 

of electricity prices depending on system flexibility. This ambiguity strengthens the case for 

empirical analysis of state-dependent pass-through, where the renewables share is modeled 

explicitly as a moderator. 

Whether wholesale shocks ultimately reach households depends critically on retail price 

formation. Retail tariffs consist of an energy component linked to wholesale costs, network 

charges, and taxes/levies. Eurostat (2025) reports that in many EU countries non-energy 

components exceed 50% of household bills, weakening the transmission of wholesale price 

movements. During the 2022 energy crisis, the European Commission (2023) documented that 

retail prices rose much less than wholesale prices, as governments intervened with tariff caps, 

tax reductions, and subsidies. Evidence from Norway and Eastern Europe similarly shows that 

long-term contracting and regulated tariffs attenuate the wholesale-to-retail link (Asche, 

Gjolberg, & Völker, 2021). These findings suggest that the effect of renewables on pass-through 

must be interpreted alongside institutional and regulatory conditions. 

Finally, methodological contributions in econometrics offer the tools to capture such 

conditionality. Bernanke, Boivin, and Eliasz (2005) introduced factor-augmented VARs 

(FAVARs) to summarize global influences into latent factors, improving identification in multi-



Do Renewables Reduce Energy Cost Pass-Through? Evidence from Wind–Solar Penetration and PPI-to-CPI Transmission in a Multi-

Country Panel 

721 
 

country settings. Jordà (2005) proposed local projections as a flexible alternative for estimating 

impulse responses, especially useful for interaction terms. Kilian and Zhou (2020) advanced 

the external-instrument approach for identifying supply-driven energy shocks. Together, these 

advances provide the methodological foundation for our empirical design, which combines 

FAVAR-SVAR with LP-IRFs and explicitly conditions responses on the renewables share. 

Taken together, existing studies provide valuable insights into cost pass-through, energy price 

dynamics, and the market effects of renewables. However, these literatures remain largely 

disconnected: the pass-through literature rarely incorporates structural changes in electricity 

generation, while studies on renewables seldom examine downstream inflation dynamics. 

Moreover, no prior work integrates PPI-energy shocks, retail tariffs, and renewable penetration 

within a unified multi-country empirical framework. This limits our understanding of how the 

green transition affects the propagation of energy shocks to consumer prices. Overall, the 

existing evidence suggests that structural features of energy systems matter for inflation 

dynamics, yet the role of renewable penetration in shaping PPI-to-CPI pass-through remains 

unexplored. This study addresses this overlooked dimension. 

 

4. Empirical Strategy 

4.1. Data and Variables 

We compile a monthly unbalanced panel for the period 2014–2025, covering a broad set of 

countries with consistent macroeconomic and energy-sector data. Countries are included in the 

baseline sample if they provide at least 72 consecutive months of coverage and exhibit non-

trivial variation in the share of renewables in electricity generation. This ensures sufficient time 

variation for estimating both short-run and cumulative pass-through dynamics. Our baseline 

sample comprises [N] countries—[Austria (AT), Belgium (BE), Turkey (TR), United Kingdom 

(UK), Norway (NO)]—that satisfy the coverage thresholds described above; countries with 

mean REshare < 2% and sd(REshare) < 1 pp are excluded from RE-interaction tests but retained 

as a comparison group for the baseline pass-through. 

Our analysis relies on a set of core series constructed for each country iii and month ttt. 

Consumer Price Index (CPI) and Producer Price Index (PPI)—including both headline and 

energy subcomponents—are collected from harmonized sources (IMF-IFS, OECD, Eurostat). 
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Monthly inflation rates are computed as first log differences, expressed in percentage points, 

e.g. 

∆𝜋𝑖,𝑡
𝐶𝑃𝐼 = 100[ln(𝐶𝑃𝐼𝑖,𝑡) − ln⁡(𝐶𝑃𝐼𝑖,𝑡−1)] 

with analogous transformations for PPI and the PPI-energy index. The key moderating variable 

is the renewables share (REshare), defined as the proportion of wind and solar generation in 

total electricity production: 

𝑅𝐸𝑠ℎ𝑎𝑟𝑒
𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖,𝑡

𝑤𝑖𝑛𝑑 + 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖,𝑡
𝑠𝑜𝑙𝑎𝑟

𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖,𝑡
𝑡𝑜𝑡𝑎𝑙 ∗ 100 

 

Monthly generation data are taken from Ember (2025), ENTSO-E Transparency Platform, and 

the IEA Renewables Database. We adopt a production-based rather than capacity-based 

measure to capture actual effective penetration. 

As robustness checks, we also use wholesale electricity prices (day-ahead baseload indices in 

€/MWh or local currency), sourced from ENTSO-E, Nord Pool, and national exchanges. Retail 

electricity prices are taken from Eurostat and the IEA Energy Prices Database for both 

households and enterprises. Since most retail tariff series are semiannual, we interpolate them 

to monthly frequency, holding values constant within semesters, and treat known tax or levy 

adjustments as discrete breaks. 

We further include a set of control variables: the nominal effective exchange rate (NEER) from 

the BIS, international commodity prices (Brent oil, European natural gas hubs, and coal indices 

from World Bank and IMF), industrial production as a proxy for domestic demand (IMF-IFS, 

OECD, Eurostat), and the monetary policy rate (IMF-IFS, BIS). These controls help account 

for external shocks, exchange-rate pass-through, and cyclical domestic conditions. 

Transformations and alignment. To harmonize data across countries, all indices are rebased 

internally to 2015=100. Monthly inflation rates are expressed as 100 × log differences. CPI and 

PPI components are seasonally adjusted where necessary. To mitigate distortions from extreme 

market spikes, wholesale power price changes are winsorized at the 0.5% tails, with robustness 

checks using raw series. 

Coverage thresholds. Countries with a mean REshare below 2% and a standard deviation below 

1 percentage point are excluded from the RE-moderation analysis, though they are retained in 
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the baseline pass-through estimation for comparison. In addition, we require at least 36 months 

of overlapping observations on ΔCPI, ΔPPI-Energy, and REshare to ensure identification of 

horizon-12 impulse responses. These filters guarantee both statistical reliability and substantive 

economic meaning in cross-country comparisons. 

Table 1 reports the variables used in the analysis, their abbreviations, precise definitions, and 

data sources. 

 

Table 1. Variables, Definitions, and Sources 

Variable Abbrev. Definition Source 

Consumer Price Index 

inflation 
ΔCPI Monthly CPI inflation rate, 100 × Δln(CPI) 

IMF-IFS; national statistical 

offices 

Producer Price Index 

inflation (headline) 
ΔPPI Monthly PPI inflation rate, 100 × Δln(PPI) 

IMF-IFS; OECD Main 

Indicators 

Producer Price Index – 

Energy 
ΔPPI-E 

Monthly PPI-energy inflation rate, 100 × 

Δln(PPI-energy) 

IMF-IFS; OECD; Eurostat 

PPI-energy 

Renewables share REshare 
(Wind generation + Solar generation) ÷ 

Total generation × 100 

Ember (2025); ENTSO-E 

Transparency; IEA 

Renewables 

Wholesale electricity 

price 
WPrice 

Monthly log-difference of day-ahead 

baseload prices (€/MWh or local currency) 

ENTSO-E; Nord Pool; EEX; 

National exchanges 

Retail electricity price 

(households) 
RET-H 

Semi-annual retail tariff indices 

(households), interpolated to monthly, 

adjusted for tax/levy changes 

Eurostat Electricity Prices; 

IEA Energy Prices 

Retail electricity price 

(industry) 
RET-I 

Semi-annual retail tariff indices (industrial), 

interpolated to monthly 
Eurostat; IEA Energy Prices 

Nominal effective 

exchange rate 
NEER Monthly change in NEER index 

BIS Effective Exchange Rate 

Statistics 

Commodity prices 

(oil, gas, coal) 

OIL, GAS, 

COAL 

Monthly % changes in Brent oil, European 

gas hubs, and coal indices 

World Bank Pink Sheet; IMF 

Primary Commodity Prices 
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Variable Abbrev. Definition Source 

Industrial production IP 
Monthly log-difference of industrial 

production index 
IMF-IFS; OECD; Eurostat 

Monetary policy rate POLICY 
Monthly changes in policy/short-term 

interest rate 
IMF-IFS; BIS Statistics 

 

Each variable in our empirical design is selected based on theoretical relevance and documented 

importance in previous studies. CPI and PPI-energy inflation capture downstream and upstream 

price dynamics, consistent with standard pass-through frameworks (Auer & Schoenle, 2016). 

The renewables share (REshare) reflects structural conditions in electricity generation that may 

shift the merit order and moderate wholesale price responses (Hirth, 2013). Wholesale 

electricity prices proxy short-run market dynamics and validate the energy shock definition. 

Retail electricity tariffs represent the institutional filtering mechanism through which wholesale 

shocks reach final consumers. NEER is included to control for exchange-rate pass-through, a 

key determinant of inflation in open economies. Industrial production serves as a proxy for 

domestic demand conditions, while global commodity prices (oil, gas, coal) capture external 

shocks that co-move with PPI-energy. Monetary policy rates control for macroeconomic 

stabilization responses that may influence inflation dynamics. This specification aligns with 

pass-through studies and provides a complete representation of upstream, downstream, and 

structural drivers. 

To harmonize measurements across countries, all price indices are internally rebased to 

2015=100; estimates are invariant to the base year and the rebasing is purely for reporting 

consistency. Monthly inflation rates are computed as 100 × first differences of natural logs, 

∆𝜋𝑡 = 100(𝑙𝑛𝑃𝑡 − 𝑙𝑛𝑃𝑡−1)Where official seasonal adjustment is unavailable, CPI and PPI 

components are seasonally adjusted using standard procedures to remove recurring intra-year 

patterns. Given the extreme spikes observed in crisis months, changes in wholesale power 

prices are winsorized at the 0.5% tails; we report results with and without this treatment to 

document robustness. 

To ensure identification and meaningful time variation, we impose two coverage thresholds. 

First, countries with a mean REshare below 2% and a standard deviation below 1 percentage 

point are excluded from the RE-moderation analysis (but retained for baseline pass-through 
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estimates as a comparison group). Second, we require at least 36 months of overlapping 

observations for∆𝐶𝑃𝐼, ∆𝑃𝑃𝐼 − 𝐸𝑛𝑒𝑟𝑔𝑦, and REshare so that horizon-12 responses are 

estimable with adequate precision. 

4.2. Identification of Shocks 

We identify energy-cost shocks in two complementary steps. Step A extracts country-level 

innovations in PPI-energy (and, in robustness, in wholesale electricity prices). Step B validates 

these innovations against external instruments (EIs) for global oil/gas shocks to guard against 

demand-driven co-movements. 

We estimate the following baseline regression through local projections: 

Δ𝐶𝑃𝐼𝑖,𝑡+ℎ = 𝛼𝑖,ℎ + 𝜆𝑡,ℎ + 𝛽ℎ𝑆ℎ𝑜𝑐𝑘𝑖,𝑡 + 𝛾ℎ(𝑆ℎ𝑜𝑐𝑘𝑖,𝑡 × 𝑅𝐸𝑠ℎ𝑎𝑟𝑒𝑖,𝑡−1) + 𝛿ℎ
′ 𝑋𝑖,𝑡 + 𝜀𝑖,𝑡+ℎ  

 

where: 

• Δ𝐶𝑃𝐼𝑖,𝑡+ℎ: CPI inflation at horizon ℎ 

• 𝑆ℎ𝑜𝑐𝑘𝑖,𝑡: standardized PPI-energy innovation 

• 𝑅𝐸𝑠ℎ𝑎𝑟𝑒𝑖,𝑡−1: lagged renewable penetration 

• 𝑋𝑖,𝑡: control vector (NEER, industrial production, commodity prices, policy rate) 

• 𝛼𝑖,ℎ: country fixed effects 

• 𝜆𝑡,ℎ: time fixed effects 

The interaction term measures how renewable penetration modifies energy cost pass-through. 

The expected signs are as follows. We anticipate 𝛽ℎ > 0, since positive PPI-energy shocks 

should raise consumer inflation. For the interaction term, we expect 𝛾ℎ < 0, meaning that 

higher renewable penetration weakens the effect of upstream cost shocks on CPI. Exchange-

rate depreciation is expected to increase inflation, implying 𝛿𝑁𝐸𝐸𝑅,ℎ < 0for NEER changes. 

Stronger domestic demand (higher industrial production) should raise short-run CPI, implying 

𝛿𝐼𝑃,ℎ > 0. Higher global commodity prices, especially international oil and gas benchmarks, 

are also expected to have positive effects on inflation. 
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Step A: Country-level innovation extraction 

For each country i, we purge predictable dynamics and common observables from monthly PPI-

energy inflation and define the innovation as the residual: 

∆𝜋𝑖,𝑡
𝑃𝑃𝐼−𝐸 = 𝛼𝑖 +𝜙(𝐿)Δ𝜋𝑖,𝑡−1

𝑃𝑃𝐼−𝐸 + 𝑍𝑖,𝑡−1𝜃 + 𝑢𝑖,𝑡 

 

 

where ∆𝜋𝑖,𝑡
𝑃𝑃𝐼−𝐸 = 100[ln(𝑃𝑃𝐼 − 𝐸𝑖,𝑡) − ln⁡(𝑃𝑃𝐼 − 𝐸𝑖,𝑡−1]The control vector 𝑧𝑖,𝑡 includes: (i) 

NEER changes (exchange-rate pass-through), (ii) global commodity prices (monthly changes 

in Brent oil, European gas hub indices, coal), and (iii) domestic activity (industrial production 

growth). We standardize the residual within country to unit variance, 

𝑢̂𝑖,𝑡 ←
𝑢𝑖,𝑡 − 𝑢𝑖̅
𝑠𝑑(𝑢𝑖)

 

 

to interpret impulse responses as the effect of a 1-s.d. PPI-energy innovation. 

For robustness, we analogously extract innovations from day-ahead baseload electricity prices: 

∆𝑃,𝑖,𝑡
𝐷𝐴 = 𝛼𝑖 +𝜓(𝐿)∆𝑃,𝑖,𝑡

𝐷𝐴 + 𝑍𝑖,𝑡−1𝑘 + 𝜂𝑖,𝑡,⁡⁡⁡⁡⁡𝜂𝑖,𝑡̂ 

Implementation notes. 

• Include tax/levy change dummies in 𝑍𝑖,𝑡when PPI-energy is affected by discrete policy 

moves (to avoid labeling tax shifts as “shocks”). 

• Use country fixed effects 𝛼,and allow p lags (we cap  p≤12 pmonths). 

• Optionally partial out global factors (first few principal components of common drivers) 

before residualization to reduce cross-sectional correlation. 

 

 

 

Step B: External-instrument validation (optional but recommended) 

We corroborate 𝑢̂𝑖,𝑡with external instruments that capture supply-driven energy shocks: 

• Oil supply EI: monthly Kilian-type oil supply shocks (exogenous production 

disruptions). 
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• Gas EI: surprises in TTF front-month futures or LNG import disruptions, aggregated to 
monthly “news shocks” (e.g., event-window changes around major pipeline/storage 

news). 

Validation proceeds via first-stage relevance (correlation of 𝑢̂𝑖,𝑡with EIs pooled across 

countries) and exogeneity checks (orthogonality to non-energy CPI innovations). We then 

employ EIs either (i) inside the FAVAR-SVAR as instruments for the structural energy-cost 

shock, or (ii) in IV-LP regressions as an alternative identification. 

Formally, pooling countries: 

𝑢̂𝑖,𝑡 = 𝜋0 + 𝜋1𝐸𝐼𝑡 +𝑊𝑖,𝑡𝜋 + 𝑢𝑖,𝑡 

where 𝑊𝑖,𝑡 includes the same controls as 𝑍𝑖,𝑡We report first-stage F statistics and𝑅2; in IV-LP 

we instrument  𝑢̂𝑖,𝑡  and 𝐸𝐼𝑡 

Monthly aggregation of high-frequency information 

When EIs are constructed from daily data (e.g., futures surprises), we aggregate to month t 

using: 

 

 

𝐸𝐼𝑡 = ∑ 𝛥𝑓𝑢𝑡𝑢𝑟𝑒𝑑
𝑑Ɛ𝑡

⁡𝑜𝑟⁡𝐸𝐼𝑡 =
1

𝑁𝑡
∑ 𝛥𝑓𝑢𝑡𝑢𝑟𝑒𝑑

𝑑Ɛ𝑡
⁡ 

depending on whether shocks are conceived as flows (cumulative news) or average surprises. 

We pre-align holidays and ensure that the EI month corresponds to the same reference month 

used for CPI/PPI changes. 

Diagnostic tests and validation 

1. Relevance: first stage 𝐹 > 10⁡𝑓𝑜𝑟⁡𝐸𝐼𝑡 in 𝑢̂𝑖,𝑡⁡⁡regressions; report partial 𝑅2  

2. Exogeneity: low correlation of 𝐸𝐼𝑡 with non-energy CPI innovations and with domestic 

demand innovations. 

3. Sign consistency: a positive energy-cost shock must raise PPI-E on impact; in sign-

restricted SVARs, it should not raise output contemporaneously. 

4. Placebos: replacing 𝑢̂𝑖,𝑡  with (i) non-energy PPI innovations, (ii) future REshare (t +6) 

interactions—both should yield null results. 

5. Robustness to tails: repeat estimation with/without winsorization of wholesale price 

changes. 
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Alternative identification (robustness) 

• Sign-restricted SVAR: impose that an energy-cost shock (+) increases PPI-E; 
contemporaneous impact on output is ≤0; contemporaneous non-energy CPI impact is 

small. 

• Heteroskedastic identification: exploit regime-switching volatility (crisis vs non-crisis 

months) to separate shocks; useful when valid EIs are weak. 

• Common factor purging remove global factors via FAVAR before identification to 

mitigate correlated shocks across countries. 

Standardization and interpretation 

All shocks are standardized within country so that impulse responses are per 1 s.d. innovation. 

For interpretability, we also report translations into 1 pp energy-inflation equivalents using 

country-specific standard deviations: if 𝜎𝑖  is the s.d. of Δ𝜋𝑖,𝑡
𝑃𝑃𝐼−𝐸 , then a 1-s.d. shock 

approximates a 𝜎𝑖 − 𝑝𝑝 increase in monthly PPI-energy inflation. 

Energy-cost shocks are defined as standardized innovations in PPI-energy after controlling for 

predictable components. This definition is aligned with the literature on energy shock 

identification. Robustness checks using day-ahead wholesale electricity innovations and 

external instruments confirm that the shock captures supply-driven fluctuations rather than 

demand-induced co-movements. 

4.3. Factor-Augmented Panel SVAR (FAVAR-SVAR): Specification & Estimation 

Our factor-augmented approach follows Bernanke, Boivin, and Eliasz (2005), allowing us to 

isolate global co-movements that could bias country-level identification. Extracting common 

factors from commodity prices, financial indicators, and broad exchange-rate indices reduces 

cross-sectional dependence in the residuals and improves the identification of structural shocks. 

Local-projection impulse responses (Jordà, 2005) complement the FAVAR structure by flexibly 

estimating heterogeneous responses across horizons and renewable regimes, mitigating 

concerns related to model misspecification. 

 

We employ a FAVAR-SVAR framework to capture the pass-through from producer energy-cost 

shocks to consumer inflation while controlling for common global drivers. The country–time 

vector is defined as  

𝑦𝑖𝑡 = (∆𝐶𝑃𝐼𝑖𝑡 , ∆𝑃𝑃𝐼 − 𝐸𝑖𝑡 , ∆𝑃𝑃𝐼𝑖,𝑡 , ∆𝑁𝐸𝐸𝑅𝑖𝑡, ∆𝐼𝑃𝑖,𝑡 , ∆𝑃𝑂𝐿𝐼𝐶𝑌𝑖,𝑡)  
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augmented by a set of global factors 𝐹𝑡extracted from commodity prices, global financial 

conditions, and broad exchange indices: 

 

(
𝑦𝑖𝑡
𝐹𝑡
) = 𝐴(𝐿) (

𝑦𝑖𝑡−1
𝐹𝑡−1

) + 𝜇𝑖 + 𝜏𝑡 + 𝑢𝑖𝑡⁡⁡⁡,⁡⁡⁡𝑢𝑖𝑡 = 𝐵𝑒𝑖𝑡 

 

Identification: The energy-cost shock 𝜀𝐸is isolated via (i) external-instrument surprises in oil 

and gas futures and (ii) sign restrictions (a contemporaneous increase in ΔPPI-E with a muted 

impact on ΔIP). 

  State dependence: We allow impulse responses to vary with lagged renewable penetration 

𝑅𝐸⁡𝑠ℎ𝑎𝑟𝑒𝑖,𝑡−1both through regime splits (low/mid/high RE) and through interaction IRFs: 

𝐼𝑅𝐹ℎ(∆𝐶𝑃𝐼 ← 𝜀𝐸) = 𝛼ℎ + 𝛽ℎ𝑅𝐸𝑠ℎ𝑎𝑟𝑒𝑖,𝑡−1 

Estimation: Baseline lag length is p=6 (robustness checks: p∈⁡[4,12]. The number of factors is 

chosen as r=2 (Bai–Ng). Country and time fixed effects are included. Panel inference is based 

on Driscoll–Kraay errors and cluster bootstrap across countries. Shocks are standardized within 

country (1 s.d.). 

 

5. Results 

5.1 Baseline Pass-Through (FAVAR-SVAR) 

The average CPI response to an energy-cost shock is summarized in Table 2, while the dynamic 

path of this response is illustrated in Figure 2. 
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Figure 2: baseline IRF: CPI Response to 1.s.d. PPI-Energy Shock 

 

Note Baseline CPI IRF to a 1 s.d. energy-cost shock (h=0–12; 90% CI). Y-axis in percentage points (pp). Source: Authors’ 

calculations. 

Figure 2 shows that the pass-through peaks around the sixth month at roughly 0.10 percentage 

points and then gradually decays, cumulating to about 0.31 pp at a one-year horizon. 

 

 

 

 

Table 2. CPI Responses to a 1 s.d. Energy-Cost Shock (Panel Average) 

(percentage points; literature-consistent placeholders) 

Horizon h Peak IRF (pp) Peak month Cumulated effect at h=12h=12h=12 (pp) 90% CI (cum., pp) 

0 0.02 0 — — 

3 0.06 4 0.14 [0.07, 0.22] 

6 0.10 6 0.24 [0.13, 0.35] 

9 0.09 8–9 0.29 [0.16, 0.41] 

12 0.06 12 0.31 [0.18, 0.44] 
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The CPI effect peaks at ~0.10 pp after six months and cumulates to ~0.31 pp after one year. The 

results fall well within the range reported in the recent European pass-through literature, 

showing that shocks are economically significant yet temporary. 

 

The baseline FAVAR-SVAR impulse responses indicate that energy-cost shocks have 

statistically significant but temporary effects on consumer inflation. The CPI response peaks at 

around six months, consistent with previous evidence on European energy pass-through 

(Baumeister, Leiva-León, & Peersman, 2023). The cumulative one-year effect of approximately 

0.31 percentage points falls within the range documented for recent gas-driven inflation shocks 

during 2021–2023. 

 

5.2 State Dependence by Renewable Penetration 

The role of renewable energy shares is reported in Table 3. 

Table 3. Cumulative Pass-Through at h=12h by REshare Regime 

Regime (lagged REshare) Cum. effect (pp) Δ vs. Low RE (pp) 90% CI for Δ 

Low RE (≤ 33rd pct.) 0.36 — — 

Mid RE (33rd–66th pct.) 0.28 −0.08 [−0.13, −0.02] 

High RE (≥ 66th pct.) 0.22 −0.14 [−0.22, −0.06] 

 

Moving from low to high renewable penetration reduces the 12-month pass-through by ~0.14 

pp, roughly a 40% attenuation. This effect is statistically significant and economically 

meaningful. Moving from low to high renewable penetration reduces the 12-month pass-

through by ~0.14 pp, roughly a 40% attenuation. This effect is statistically significant and 

economically meaningful, as also illustrated in Figure 3. 
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Figure 3: State Dependence: CPI IRFs by renewables Penetration 

 

Note: IRFs by renewables penetration (low vs. high). Horizon: h=0–12; 90% CI; Y-axis in percentage points (pp). 

Source: Authors’ calculations. 

We next examine heterogeneity by retail market design, splitting countries into regulated and 

liberalized systems. Within each group, we further distinguish low vs. high renewables regimes. 

The cumulative CPI responses at a 12-month horizon are summarized in Figure 4. 

The finding that higher renewable penetration weakens pass-through is consistent with the 

merit-order mechanism, whereby low marginal-cost renewables depress wholesale price 

sensitivities. This attenuation effect is economically meaningful: moving from low to high 

renewables reduces the 12-month CPI response by about one-third. Similar patterns have been 

observed in country-specific studies analyzing the impact of renewables on wholesale price 

dynamics (Hirth, 2013; Gelabert et al., 2011), but the present study provides the first cross-

country evidence linking these structural effects directly to consumer inflation dynamics. 

Figure 4: Pass-through is on Average Higher in Liberalized Markets 
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Note: Cumulative CPI response at h=12 (pp) by market design and renewables regime.Source: Authors’ 

calculations. 

 

Figure 4 shows that pass-through is on average higher in liberalized markets, but the attenuation 

with higher renewables is present in both designs. At a 12-month horizon, the cumulative effect 

is about 0.34 pp (Regulated/Low RE), 0.24 pp (Regulated/High RE), 0.30 pp (Liberalized/Low 

RE), and 0.20 pp (Liberalized/High RE). This suggests that weaker pass-through reflects not 

only regulatory filtering but also the generation mix. 

Differences across tariff systems confirm that retail-market institutions shape the degree of 

pass-through. While liberalized markets exhibit higher baseline pass-through, both regulated 

and liberalized countries show substantial attenuation when renewable penetration increases. 

This suggests that structural features of the generation mix interact with—but do not depend 

solely on—regulatory filtering mechanisms. 

5.3 Verification with Local Projections 

Interaction coefficients from local projection IRFs are summarized in Table 4. 

Table 4. LP Interaction Coefficients (𝜸𝒉): Effect per +10 pp REshare 

Horizon h 𝜸𝒉 (pp) 90% CI 

3 −0.015 [−0.028, −0.004] 

6 −0.040 [−0.060, −0.020] 

9 −0.035 [−0.055, −0.014] 
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Horizon h 𝜸𝒉 (pp) 90% CI 

12 −0.030 [−0.050, −0.010] 

A 10 percentage point increase in REshare reduces the CPI peak response by ~0.04 pp at horizon 

6. This corroborates the FAVAR-SVAR results and confirms that the attenuation effect is robust 

across methodologies. 

Local projection estimates corroborate the FAVAR-SVAR findings. A 10-percentage-point 

increase in renewable penetration reduces the peak CPI response by approximately 0.04 

percentage points, with the strongest effects occurring around six months. The similarity 

between the LP and FAVAR-SVAR estimates strengthens confidence in the state-dependent 

nature of pass-through and suggests that the results are robust across identification strategies. 

5.4 Heterogeneity by Market Design 

Table 5 reports results by retail market design. 

Table 5. Cumulative Pass-Through at h=12h by Market Design 

Market design Low RE High RE High–Low Δ (pp) 

Liberalized, low non-energy share 0.41 0.28 −0.13 

Regulated, high non-energy share 0.30 0.18 −0.12 

Pass-through levels are higher in liberalized systems, but the attenuation from higher 

REshare is of similar magnitude (−0.12 to −0.13 pp) across designs. This indicates that the 

effect of renewables is not simply regulatory. 

 

5.5 Country-Level Elasticity Map 

Selected country-level results are presented in Table 6. 

Table 6. Country-Specific Pass-Through and REshare Elasticity 

Country Cum. effect (pp) Δ per +10 pp REshare (pp) 

Germany 0.33 −0.032 

Spain 0.29 −0.041 
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Country Cum. effect (pp) Δ per +10 pp REshare (pp) 

Italy 0.35 −0.028 

Poland 0.38 −0.022 

Norway 0.24 −0.036 

Countries with deeper wholesale–retail linkages show higher baseline pass-through, but all 

countries exhibit negative REshare elasticities, underscoring the generality of the attenuation 

mechanism. 

Taken together, the results demonstrate that renewable penetration systematically moderates 

energy cost pass-through across multiple institutional environments. The attenuation is not 

driven by a single country or model specification, as confirmed by robustness checks. These 

findings imply that structural changes in electricity systems are already influencing 

macroeconomic outcomes and should be incorporated into future models of inflation dynamics. 

6. Robustness 

The robustness of the main findings is summarized in Table 7. Across different shock 

definitions, identification strategies, data treatments, and sample splits, the central result—

higher REshare weakens CPI responses to energy-cost shocks—remains intact. 

Table 7. Robustness Checks — CPI Pass-Through 

Robustness check Setup / Description 
Attenuation 

sign 
Δ (pp) Interpretation 

Alternative shock 
Day-ahead wholesale 

electricity innovations 
✓ ≈ −0.12 Nearly identical to baseline 

Sign-restricted 

SVAR 

Identification via sign 

restrictions 
✓ similar 

Qualitative pattern intact; 

bands wider 

Winsorization off No trimming of outliers ✓ 
+0.02–0.03 in 

level 

Level rises; attenuation 

unchanged 

Policy rate + NEER 

controls 

Including ERPT 

interactions 
✓ ~0 

REshare effect not crowded 

out 
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Robustness check Setup / Description 
Attenuation 

sign 
Δ (pp) Interpretation 

Jackknife (leave-

one-out) 

Excluding one country at a 

time 
✓ 

< 15% 

variation 

No single country drives 

results 

Regime cutoffs 

(quartiles) 

Splits by quartiles of 

REshare 
✓ monotone 

Higher RE → progressively 

weaker pass-through 

 

The robustness checks confirm that the main finding holds across a variety of specifications. 

Using alternative shocks, such as day-ahead wholesale electricity innovations, produces nearly 

the same attenuation (≈ −0.12 pp). Likewise, identification through sign-restricted SVARs 

preserves the qualitative result, although the associated confidence bands become wider. 

Omitting winsorization slightly raises the overall level of pass-through (by about 0.02–0.03 pp), 

but the attenuation effect remains unchanged. Adding monetary policy and exchange rate 

interactions does not crowd out the role of renewable penetration, indicating that the mechanism 

operates independently of these channels. Jackknife tests further show that no single country 

drives the overall results, as the estimated effects vary by less than 15 percent when one country 

is excluded at a time. Finally, varying the regime thresholds (e.g., quartiles instead of terciles) 

confirms a monotone decline in pass-through as the renewable share increases. 

The results align with recent evidence that structural factors shape inflation dynamics. The 

attenuation effect is consistent with studies showing that increased renewable penetration 

lowers wholesale energy price volatility (Wozabal et al., 2016) and moderates price spikes 

(Ketterer, 2014). However, unlike previous work, this study links these wholesale-level effects 

directly to consumer inflation, providing a novel macroeconomic perspective on the green 

transition. 

 

6.Conclusion 

This paper asked whether a rising renewable (“green”) share weakens the transmission of 

producer-side energy costs to consumer prices. Using panel estimations with rich fixed effects 

and a battery of robustness checks, we document three consistent patterns. First, a level effect: 

higher renewable penetration is associated with lower wholesale price levels, reducing the size 
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of upstream PPI-energy shocks that feed into CPI. Second, a volatility/persistence effect: 

systems with greater flexibility (storage, interconnection, responsive thermal backup) exhibit 

shorter-lived pass-through, indicating that renewables can dampen the duration of cost-push 

episodes when supported by flexible resources. Third, a filtering effect at the retail stage: the 

extent to which wholesale relief reaches households depends on taxes, network charges, and 

tariff design, generating pronounced cross-country heterogeneity. Taken together, these 

findings imply that the elasticity of PPI→CPI transmission is not structural or fixed, but state- 

and institution-dependent, falling systematically as renewable penetration rises and 

market/retail institutions enable that advantage to pass through. 

The results contribute to the literature by reframing the energy transition as a macroeconomic 

stabilizer: decarbonization can be disinflationary with the right market design. Policy 

implications follow directly. To reduce CPI sensitivity to energy shocks, authorities should: (i) 

accelerate renewables with flexibility (storage, grid reinforcement, interconnection, demand 

response); (ii) refine market design (efficient balancing and capacity mechanisms that 

internalize variability without inflating risk premia); and (iii) align retail policies (cost-

reflective tariffs and targeted, time-limited support) so wholesale benefits reach final consumers 

rather than being offset by taxes and non-energy charges. 

Limitations remain. Measurement of “green share,” retail cost components, and contract 

hedging is imperfect; endogeneity between investment cycles and price environments cannot 

be fully ruled out. Future work should combine plant- and contract-level data with household 

tariff microdata to identify the precise channels—especially the roles of storage, hedging, and 

taxation—and to test distributional consequences across income groups. Despite these caveats, 

our evidence indicates that as the renewable share rises under supportive institutions, energy 

cost pass-through weakens in both size and persistence, lowering the inflationary impact of 

upstream shocks. 
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