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Overview
National level renewable energy policy is often developed with many goals in mind, and frequently one of these is the development of domestic renewable energy technology manufacturing capacity.  The Jawaharlal Nehru National Solar Mission (NSM) in India is an example; besides targeting an installation of 20GW of grid-tied solar power capacity by 2022, it includes industrial policy to strengthen a photovoltaic (PV) solar manufacturing base.  In this work, we assess the likely equity and efficiency implications of this industrial policy.  In particular, we examine the policy’s domestic content requirement (DCR), which stipulates that 100% of crystalline silicon cells and modules deployed in NSM plants must be sourced domestically.  In principle, a DCR can be welfare improving for all economic agents if the higher cost of sourcing solar modules domestically is offset by dynamic learning spillover benefits triggered by their consumption.  In practice, the current DCR is unlikely to achieve this outcome due to the following: (1) developers continue to favor the substitute thin-film technology, thereby bypassing the DCR, (2) trade metrics suggest that, on average, Indian crystalline manufacturers are inefficient and have not learned-by-doing and (3) similar metrics suggest weaknesses in industries adjacent to solar manufacturing.  The probable lack of learning suggests that any gain in welfare from expanded solar manufacturing will be at a cost to electricity consumer surplus.
Methods
We examine the degree to which the DCR has impacted the module technology deployed by solar project developers.  We collect and analyze module technology choice data from all solar photovoltaic projects in India of at least 5MW in capacity and test for an NSM effect.[footnoteRef:1]  We examine developers’ bids for tariffs in the NSM for evidence of disruptions in tariff evolution that may be due to technological substitution.  Next, we develop a framework to study the welfare and equity impacts of the current DCRs and a proposed future policy to strengthen it to require the domestic sourcing of thin-film solar cells and modules.  To apply it, we consider the impact of the NSM DCR on project developers’ likely module choices.  By linking these choices to implications for project developers, module manufacturers and electric power consumers, we examine the surplus changes associated with the following shifts: (1) from a no-policy scenario to the 100% crystalline module DCR, (2) from the 100% crystalline module DCR to the 100% crystalline cell and module DCR and, finally, (3) from the 100% crystalline cell and module DCR to a 100% crystalline and thin-film cell and module DCR. [1:  Note that the NSM is split into 3 phases.  The first phase, which lasts through 2013, is split into two batches, with a batch 1 target of 150MW of grid connected solar PV capacity and a batch 2 target of an additional 350MW in capacity.  Our sample does not include Phase 1, Batch 2 plants as the technology choices of these project developers is not yet publicly available.  However, we include all Phase 1, Batch 1 plants for which technology choice data was available.  ] 

Our analysis critically depends on whether the potential for dynamic learning-by-doing spillovers exist in the Indian solar PV manufacturing sector.  We calculate a number of competitiveness metrics using UN trade data, including the Unit Value Ratio (UVR) of Indian PV exports; this metric compares the unit value of Indian exports with those of other countries.   Since strengths in closely related industries is a prerequisite for competitiveness in renewable energy manufacturing (Huberty and Zachmann 2011), we also compute the Revealed Competitive Advantage (RCA) for industries ancillary to the crystalline silicon module value chain (e.g., chemicals and electronic transformers); the RCA compares the proportion of a good in a country’s export mix to that in the global export mix.  We use export data to examine how closely module shipments from India track feed-in-tariffs in Europe.  Finally, we complement trade data with an assessment of trends in Indian solar manufacturing capacity, as well as the indigenization of turnkey manufacturing lines, to diagnose Indian solar PV manufacturing.
Results
Our results suggest that the NSM DCR has thus far been ineffective at protecting Indian crystalline PV manufacturers.  Our discrete choice formulation of module technology choice does not find evidence that the NSM Phase 1, Batch 1 DCR had a statistically significant effect on module technology choice.  Though full module choice data is not yet available for plants in the current second batch of NSM power plants, we are able to find suggestive evidence that the stronger Phase 1, Batch 2 DCR has tilted module choice further towards thin-film.  The slightly greater share of thin-film modules in the second batch suggests that the DCR may be running counter to its goals.  We also find that domestic crystalline cell supply constraints are unlikely to be binding, as manufacturing capacity is about 1.7GW, while the total size of the second NSM batch called for 350MW of plant development.  A switch to a thin-film DCR, however, could place binding supply constraints on thin-film technology and encourage substitution to crystalline modules.
We find evidence of a low potential for dynamic learning spillovers within the Indian PV solar industry.  Our competitive analysis reveals an industry that has become less competitive relative to Chinese and OECD competitors.  We also find weak performance in industries adjacent to the PV solar industry, suggesting a need to bolster these before targeting the solar sector.  Export data by recipient country suggests that the Indian export market is sensitive to feed-in-tariffs elsewhere and that its products provide high cost marginal supply.  Capacity utilization rates indicate that Indian manufacturers do not produce lowest cost modules, with aggregate utilization in 2009 as low as ~30%, relative to a global best-in-class utilization of ~70% and even a Tier 3 utilization of ~40%.  Finally, industrial trade publications reveal an idiosyncratic tendency among Indian manufacturers to neither modify turnkey lines nor indigenize equipment.
The existence of low performing crystalline manufacturers with a poor track record of retaining competitiveness suggests that, though overall welfare may increase due to greater domestic manufacturing output, such welfare increases would come at a (potentially) high cost to consumers.  The DCR would push project developers to source supra-marginal crystalline modules.  In the absence of learning-by-doing, this dynamic suggests higher solar power tariffs and a loss in consumer surplus.  A loss in consumer surplus could be tolerated if a dynamic efficiency gain were guaranteed from the DCR.  However, it can be argued that the overall efficiency will not improve.  This result could obtain if project developer module demand elasticity was sufficiently high.  In the limit, the quantity and price of domestic crystalline modules sold would remain the same before and after the DCR, and the domestic crystalline manufacturer surplus would remain the same.  If developers moreover continue an apparent preference for foreign thin-film modules relative to domestic ones, domestic thin-film manufacturers would also face an unchanged equilibrium surplus in the limit.  Though an assumption of a fixed relative margin for developers implies that they would gain in absolute surplus from their switch to thin-film modules, a net loss in economic efficiency could obtain if consumers have a sufficiently inelastic electricity demand curve.  A DCR that expands to cover thin-film modules is likely to exacerbate this result, as the small number of domestic thin-film producers would gain a degree of market power.
The apparent difficulty of the domestic industry to learn-by-doing suggests that the NSM DCR imposes a tradeoff in development goals between industrial expansion and consumer welfare.  Since the existing PV solar manufacturing base provides a signal about the potential competitive advantage of Indian solar manufacturing, it removes the informational externality driver for industrial policy support, and we note that the probable inability of the domestic industry to survive absent such support violates several traditional normative criteria (Rodrik 2004; Itoh et al 1991).
Conclusions
We conclude that the (increasingly strict) NSM DCR not only is unlikely to make Indian manufacturers globally-competitive but also will almost certainly impose losses in consumer surplus.  DCR based industrial policy support for the Indian solar PV sector is likely dominated by a policy of free trade for solar PV modules.
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