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Overview

While quite overlooked in the induced innovation literature, low-carbon technical change for the building sector presents interesting features. First, the sector is a major contributor to current levels of pollution. In 2019, 21% of the world’s final energy consumption and 6% of the world’s CO2 emissions were attributable to the residential sector[footnoteRef:1]. Thus, low-carbon innovation for buildings represents an opportunity to decrease the cost of future emissions abatement. Second, as specified by Urge-Vorsatz et al. (2016), low-carbon solutions for buildings generate overlapping benefits above economic and environmental issues. Among other co-benefits we can cite improvement of well-being and sanitary levels of dwellings, increase in ”green” employment and decrease of employment in fossil energy sector, increase in disposable income for households, increase in energy security and sovereignty. Thus, low-carbon technical change for buildings provides environmental, economical, social, sanitary and geopolitical benefits. However, it is well established that technical change is not directed toward clean technologies under natural market conditions. The absence of price for polluting activities along with existing positive knowledge spillovers do not bring enough incentives for firms to innovate in low-carbon technologies. Moreover, Acemoglu et al. (2012) highlighted the existence of path dependencies toward dirty technologies when a country historically invested in that sector and build a stock of knowledge making future dirty innovations more profitable. In this context the aim of the present paper is to assess the potential of several environmental public policies to redirect technical change toward low-carbon technologies in the building sector. [1:  International Energy Agency: https://www.iea.org/data-and-statistics] 


Methods

We use a count model for patents aiming to reduce CO2 emissions in buildings filed at the French office or through a EP or PCT procedure designating France from 1970 to 2019. France is chosen for its diversity of environmental policies among which carbon tax, energy standards for buildings, energy efficiency policies and R&D public support. The major contribution of the paper is the use of a Distributed Lag non-Linear Model (DLNM) to relax simultaneously two kind of implicit assumptions commonly made when estimating relationship between environmental policies and low-carbon technical change. On the one hand, we allow effects from policies to be non-linearly distributed across time rather than occurring punctually with a unique delay. On the other hand, we allow effects from policies to be non-linearly distributed across the level of the policy. For instance, we allow an increase of the carbon tax to have different effects on patents in t + 1, t + 2, ..., t + ℓ... and to have different effects on patents depending on the level from where the increase starts.


Results

The first important result is that while higher household energy expenditures in buildings induce more low-carbon patents, there is a concave relationship implying that too high levels of expenditures does not induce more clean innovations. We explain it by the lower level of disposable income and demand for low-carbon technologies associated with highest levels of energy expenditures for buildings. Second, it appears that French energy standards for buildings are the main driver for clean innovations with 110% more patents induced. However, standards have to be flexible and more and more stringent to generate incentives to innovate. Third, energy efficiency policies are also an important driver, especially subsidies and zero-interest loan for energy efficient investments. Fourth, we show that direct public support to R&D in energy efficiency is of too low levels to induce significantly low-carbon innovations. Also, we find an interesting negative association between the level of public support to nuclear R&D and the level of low-carbon technical change for buildings either explained by R&D inputs substitutions or by the decreasing pressure to find low-carbon solutions for end-users as the electricity production become ”cleaner”.

Conclusions

The results are of primary importance for decision makers. If their objective is to promote clean innovation in order to contract future CO2 emissions, the price instrument (proxied by household energy expenditure in our study) must be used with caution. Too high a price of CO2 could have effects opposite to those expected by reducing the purchasing power of households and the incentives to innovate coming from the market. Instead, policymakers should focus on outcome-oriented rather than means-oriented energy standards and make them broader and stricter over time. Finally, energy efficiency policies such as subsidies or interest-free loans are all instruments for increasing demand and incentives to innovate towards low-carbon technologies.
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