

Long Abstract

Overview

While investment in long-lasting capacities of energy transformation from fossil fuel becomes sunk society can gain more information about how accumulated greenhouse gases affect welfare and may desire to vary capacity use dependent on the information. This paper analyses optimal contingent and noncontingent policy of a benevolent government with instruments emission tax, tradable discharge permits, and output portfolio standards when private agents take prices and policy rates as given in general equilibrium. The theory characterizes allocations and policies in terms of prior marginal abatement cost and posterior marginal abatement cost.

Methods

Energy production based on coal, natural gas and petroleum has operating cost that arises in the extraction and refinement of fuel. Production of secondary energy from renewable primary (solar, wind, hydro, tidal and wave, and geothermal) energy has negligible operating cost compared to cost of buildup. Currently marginal net productivity of clean technology is smaller than that of dirty technology at large scale of aggregate clean capacity (while some clean technologies for example from hydro and offshore wind power in some geographical areas, may currently outperform dirty technology). An indeterminate number of dirty and clean technologies exist. By assumption the exogenous upper bounds of regional primary energy through limited supply of land for each clean technology only bind for a small aggregate amount of investment in clean technology. Different quality of land determines the capacity factor of clean technology given aggregate level of investment. Production of technology-specific investment goods and extraction of fuel use energy service as an input. Households consume energy service that exogenously generates from secondary energy.

Energy producers finance purchase of physical capital through debt. Debt-market intermediaries structure interest rates. Households do not own physical capital because their investment in different technologies that businesses operate would require their knowledge of investment opportunities with different marginal rates of return. Marginal dirty and clean technologies yield the same rate of return in equilibrium. Households are heterogeneous with respect to individual savings and ownership share of aggregate equity. Producers of secondary energy, of investment goods, and of fuel, and financial intermediaries are competitive.

There are two long periods. Each state characterizes a probability distribution over weather occurrences. A collection of states (event) provides information about how damaging a given level of accumulated greenhouse gases is. Energy producers receive a stochastic signal that comprises a conditional probability distribution of states. Producers send messages to the government that eventually also learns that information. Purposefully events can overlap. Then the information structure is a combination of refinement of Savage (1954, Chapter 7) and Laffont (1989, Chapter 4). Nature sends the signal at predetermined date between periods and thus after investment in the first period and before capacity utilization in the second period. Damage occurs at the end of a period. Because weather occurrences in all states are stochastic uncertainty prevails a priori and a posteriori.

Results

Clean capacity is fully utilized in all events. If dirty capacity in the second period is optimally underutilized in some event then a contingent policy plan is optimal. Government has no desire to set policy rates after information gain different from announced levels before investment. All optimal policies are time consistent. Deployment of at most two dirty technologies is Pareto optimal because of constant returns to scale in producing capital.

The emission tax formula of marginal welfare effect of pollution divided by marginal social value of individual nominal income (Pigouvian rate in general equilibrium) does not equal prior marginal abatement cost if capacity utilization varies over events. The Pigouvian rate in an event of underutilized capacity exceeds prior marginal abatement cost. Moreover in an event of partial utilization (utilized fraction between zero and one) of capacity other levels of emission tax rate are optimal. The Pigouvian rate in an event of fully utilized capacity is smaller than prior marginal abatement cost and decreases in the probability of underutilization. These findings reflect necessary compensation of investors for a priori known varying return.

Optimal policy with posterior sale of permits is similar to policy with emission tax. Optimal policy with sale of permits before investment (and hence a priori) may not exist because the government may not be able to afford repurchase of permits, depending on preferences and technology. Output portfolio standards do not entail regulatory cost to producers that use any technology and can also lead to optimal contingent allocations. In equilibrium producers do not trade credits because the environment is perfect information and certainty about production cost.

The preceding policies alone are optimal policy in equilibria of same marginal social value of income across events, which is generally possible when international trade is sufficiently restricted. If price of any good does not vary over events in some country then given unrestricted trade optimal policy must obey noncontingency of prices. Other  policy instruments become necessary to induce optimal technology adoption. Clean output receives a subsidy (contingent feed-in tariff) in an event of optimally underutilized capacity given two events and if expected marginal utility of consumption in the event of underutilization is greater than its level in the event of full utilization. In general the sign of tax rate (taxation or subsidization) of clean output in events of underutilized dirty capacity---arising in addition to other policy variables if price is noncontingent and expected marginal utility of consumption differs over events--depends on preferences.

Planning in the past may have resulted in overinvestment in dirty technology. Then immediate underutilization of dirty capacity characterizes an optimal allocation, and tax, permit, and portfolio standard must be stringent. If dirty capacity is optimally fully utilized in the initial period then tax rate and price of permits can be zero in that period.

Conclusions

Policy that sets incentives to invest in technologies is key to attain an efficient level of pollution in the climate problem because clean technology is costlier than dirty technology at efficient scale. Optimal insurance drives immediate investment in clean technologies to accommodate the trade-off between abatement cost and uncertain environmental cost. The present paper extends the theory of environmental policy under uncertainty to contingent policy. Government must announce policy before private agents invest. If the allocation is contingent then policy is contingent. Optimal policy is time consistent. Previous literature on environmental policy under uncertainty, following Weitzman (1974), ignored contingent allocations under irreversible investment.

Price of permits in an auction or at take-it-or-leave-it sale must be positive to induce optimal investment if private agents take prices and policy rates as given and the laissez-faire allocation is not Pareto optimal.

Government learns the event if energy producers do not collude because truth-telling is weakly dominant for producers of clean output  If government directly receives the signal from nature then its ability to conduct optimal policy does not depend on whether producers observe or do not observe the signal. Government is benevolent. Optimal policy rests on the assumption that producers believe that the government will exercise announced rates. Because of large a priori profit margins given default-free debt contracts that obey underutilization large incentives for producers prevail to lobby against policy. Endogenous policy formation is a topic for further research.
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