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Abstract

Ukraine is a unique country. 

First, it is a resource-based economy, which industrial production is characterized by high material and energy intensity, obsolete capital stock developed during the Soviet period, a significant share of coal in the energy balance and a high probability that coal will remain major domestic energy source.  

Second, abnormally low energy prices have been the main factor behind the rapid growth of Ukrainian energy-intensive industries such as steel, heavy machinery and chemicals. These industries are also among Ukraine’s most important export earners. At the same time they are heavily depended on imported energy. Their competitiveness is threatened by low efficiency of energy use in an era of rising energy prices.

Third, Ukraine is ranked 11th in the world for GHG (green house gases) emissions and has been identified as a major source of trans-boundary air pollution for the eastern Mediterranean region.  Nevertheless, the GhG emissions in the country have never been regulated.

Ukraine has no obligations for the emission reduction during the first commitment period (2008-2012) of the Kyoto Protocol, but has 1.7 billion tone of CO2e headroom compared to its 1990 emission level and the tremendous potential for cheap emissions reduction (around 750 Mt of CO2e could be reduced at the cost below 8 $/t), that can be sold on the international emission market through the flexible mechanisms of the Kyoto Protocol.  


All of the basic documents and studies that govern the future economic and industrial development of Ukraine emphasise an urgent need to ensure the sustainability of economic growth tracking industrial energy inefficiency, GHG emissions and the consolidation of market reforms which are critical if the country is to fulfil its stated aspirations with regard to increasing integration with the EU and WTO.  

In this paper I discuss how the implementation of the domestic Emissions Trading System (ETS) in Ukraine might help the country to promote sustainable economic growth based on energy-efficiency and environmentally benign structural changes. In order to address the possible design issues of the emission trading system and to determine the optimal method to allocate the emission permits (in terms of environmental efficiency, welfare loss minimization and thus political acceptability), a comparatively-static computable general equilibrium model of Ukrainian economy was employed.  

Three basic allocation schemes are examined:  (1) Output based grandfathering when sectors receive permits for free, and the each sector allocation of permits is determined by its benchmark market share in total production; (2) Emissions-based grandfathering when permits are distributed for free, and each sector distribution of permits is determined by the share of its emissions in total industry emissions; (3) Auctioning when sectors buy permits from the government.

According to the efficiency considerations, it was assumed that the most energy-intensive sectors participate in the emissions trading whereas emissions of non energy-intensive sectors are taxed.

These allocation schemes are tested for the two general options of ETS design: First, when it is open to international emissions trading markets with fully elastic supply and demand; Second, when it is restricted to the domestic emission market. 
Then results of all the model scenarios are compared with an emission taxation scenario where industrial emissions are taxed at the rate sufficient to achieve the 10% emission reduction.

The modelling results show that the emission taxation scenario produces the largest structural changes towards the non-energy intensive industries under the lowest marginal abatement cost for emission reduction. 

The scenarios when revenues from the CO2 taxes and auctioned emission permits are recycled to reduce the labour taxes allow for some softening of the negative effect on energy-intensive industries and preservation of the household consumption levels.

The grandfathering schemes for allocation of the emission permits allow for preservation of production levels of the energy-intensive industries but it comes at higher marginal abatement cost. The trade-off between the efficiency and subsidization of grandfathering becomes more evident when the Ukrainian emission trading system is open for the international emission market. The implicit subsidization precludes the efficient reduction in output levels of the energy-intensive industries in order to benefit from CO2 permits export. This trade-off becomes especially severe under the high permit prices on the world market.

Under the open domestic emission trading system settings the auctioning scenario performs the best: causing the largest structural changes towards the non-energy intensive sectors it guaranties the largest revenues from export of domestic emission permits which is reflected in the highest rates of GDP growth. 

Keywords: computable general equilibrium model, CO2 emission permits, Ukraine.
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1 Introduction

Ukraine has succeeded in the last five years to climb out of the deep recession of the early years of post-communist transition. The recent economic growth in Ukraine has been a mixture of revival of old and emergence of rare new activities, both supported by access to inexpensive energy supplied from aging, inefficient and often environmentally polluting sources through extensive electricity, gas and oil networks inherited from the FSU. But now the era of low energy prices has come to an end as well as favourable for Ukrainian energy-intensive industries demand structure on a world markets.   Since Ukraine has only a moderate natural resource endowment, it has no option other than to implement the economic structural changes towards less energy-intensive industries, and the necessity to boost the country’s energy-efficiency and improve the state of the environment. 

Due to the excessive specific consumption of primary energy inputs, significant technological lagging in the most economy sectors, unsatisfactory sector structure of the national economy, and, particularly, the structure of export-import operations, the energy content of Ukraine’s GDP is presently 2.6 times higher than the average energy content of the world economies (Figure 1.1). 

Figure 1.1GDP Energy Content in the World, kg of standard fuel per USD
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Source: Energy Strategy of Ukraine till 2030. Ministry of Fuel and Energy of Ukraine and the Institute of Energy of National Academy of Science of Ukraine

 
The energy-intensive and resource-based economy that operates the outdated industrial infrastructure developed during the Soviet period causes the significant levels of air and water pollution and hazardous wastes. The total amount of criteria air pollutants
 per person in Ukraine is much higher than the OECD average; air pollution is responsible for 6% of total mortality in Ukraine. Total economic damage caused by air pollution amounts at least to 4% of GDP
. Finally, Ukraine is ranked 11th in the world for greenhouse gas (GHG) emissions and has been identified as a major source of trans-boundary air pollution in Eastern Mediterranean region.

But despite the fact that Ukraine faces numerous environmental problems that substantially affect the overall economic performance and human health, the GhG emissions in the country have never been regulated at all. There is still very low political concern about the environmental issues in Ukraine. All of the basic documents and studies that outline and govern future development of Ukrainian economy and the national energy policy
 ignore so-called “Kyoto” issues. 
In this paper we discuss how the implementation of the Domestic emissions trading scheme in Ukraine might help the country to promote sustainable economic growth based on energy-efficiency and environmentally benign structural changes. 

In order to address these issues a computable general equilibrium model (CGE) of Ukrainian economy is developed.  The development and modification of the model built upon recent contributions to the literature on general equilibrium modelling of environmental policies, primarily Boehringer and Lange (2003), Fischer and Fox (2004) and Edwards and Hutton (2001), among others. For the numerical specification of the model parameters and model calibration, the latest available 2003 Input-Output Table is used. The model is programmed and solved in the GAMS\MPSGE languages (Brooke et al. 1992 / Rutherford 1994) that treats general equilibrium model as a mixed complementarity problem. 
2 Model scenarios and assumptions.
One of the most leading options for achieving both cost-effective emission reduction and promoting energy efficiency is to implement the emission-trading.
 The very idea of domestic emissions trading scheme (ETS) implementation is to allow more abatement to be undertaken where the marginal abatement cost (MAC) is the lowest.  The purpose is to combine the administrative instruments (amount of permits; regulation target, etc.) with the efficiency features of market-based instruments (emissions have a market price in terms of permit’s prices).

Although Ukraine has no formal international commitments to introduce the Domestic emissions trading system, and considering surplus of assigned amount units, the development of such system is not an economic necessity primarily in the short run. At the same time, implementation of CO2 emission trading in Ukraine is could be rather beneficial for the country in connection with the following main factors:

· Necessity to stimulate improvement of energy efficiency to reduce dependence on external supplies of energy resources; 
· Taking into account the huge potential of cheap emission reduction in Ukraine, the domestic emissions trading system may stimulate the sale of the cheap emissions reduction potential by the national enterprises at the domestic or international markets.

· The emission trading system might help to overcome substantial barriers associated with the Joint Implementation (JI) projects. The allocation of the emission quota among the energy-intensive industries would allow them greater flexibility and choice in hosting JI projects.  First, it would minimize the so called “low hanging fruits” problem when all low cost abatement projects are wiped out by investors from developed countries, leaving only high cost projects to the host countries. Second, the possibility for energy-intensive industries to back-up JI projects by their own emissions permits may substantially simplify the whole bureaucratic process of project approval by governmental authorities. 

· Ukraine will be forced to regulate its GHG emissions by the international community even if in a long run. Emission trading is the most economic effective way to do this.

· It is possible that Ukrainian ETS may be linked to the European Emission Trading System. This linkage will provide good opportunities for sale of the cheap Ukrainian emission reduction on the EU emission market.

In August 2005 Ukrainian Cabinet of Ministers adopted the National Action Plan for the implementation of Kyoto flexible mechanisms in the country. Among the other issues it foresees elaboration of the National Allocation Plan (NAP)
 that foresees allocation of the emission permits among the national industries.
Economic effectiveness of emission trading (e.g. distribution of costs, competitiveness, welfare impacts) largely depends on the emission trading system (ETS) design which is determined by the following threshold issues: (1) permits allocation scheme among the regulated entities; (2) coverage of the industries by the ETS; (3) its interaction with other emission markets; (4) the emissions limit set
. Therefore the greatest challenge lies in the design of an effective and at the same time politically acceptable emissions control policy that minimizes economic costs and negative impacts on the industries that are potentially hardest hit at the same time ensuring the environmental efficiency of the regulation and correspondence with sustainable growth and desirable structural changes in Ukrainian economy. 

In respect to the permits allocation schemes the most commonly used options are the following:  

· Allowances are distributed for free to the industries according to the output-based rule (Output-based grandfathering); 
· Allowances are distributed for free according to the emission-based rule (Emission-based grandfathering); 
· Energy-intensive industries purchase allowances on the governmental auction at the international allowance price (Auctioning). 
There are two fundamental approaches to cover the industries by an emission trading system:  the downstream ETS where the fossil fuel users surrender permits for their emissions and the  upstream ETS when the producers of fossil fuel participate in the emission trading.

In CGE model for Ukraine the polluter pays principle was implemented and the downstream ETS was modelled. The most energy-intensive industries except the fossil fuel producers participate in the emission trading.  Emissions of the extraction and non-energy intensive industries and also the transport sector (which emissions are challenging to monitor and expensive to tackle) are taxed to reach the same emission reduction goal. Therefore, there are two basic groups of industries in the model: (1)The emission trading (ET) sectors which are the most energy-intensive industries.  To this group belong the Petroleum refinement, Electric power industry, Metallurgy and metal processing, Manufacture of coke products, Manufacture of chemicals, rubber and plastic products, Manufacture of machinery and equipment, Manufacture of mineral products and the Pulp and paper industry); (2) The Non-emissions trading (Non ET) industries whose emissions are taxed. To this group belong the Rest of industries (ROI aggregate), Transport sector and Extraction of coal and Production of Hydrocarbons.  

Another one critical issue in the ETS design is whether it is open for the international emissions trading market with fully elastic supply and demand or whether it is restricted for the domestic emissions market only. The “openness” to the international emissions trading market perspective is particularly relevant taking into account Ukrainian huge potential of the cheap emission reduction. To address this issue two following options were tested for all the allocation schemes: (1) ETS is restricted for the domestic emissions market only (the so-called closed emission trading system); (2) ETS is open for the international emissions market.
The choice of the total quantity of distributed permits (i.e. an emission cap) for the domestic ETS is another crucial element in its design. Taking into account the substantial national potential for low-cost emissions reductions, on the one hand, and the considerable governmental subsidization of the energy-intensive industries, on the other hand, the tested assumption is that each group of energy intensive (ET sectors) and the Non ET sectors are required to reach a 10% emission reduction goal.  

In order to address the flexibility gains from trading, the results of the simulations are compared with the scenario under the absence of emissions trade when emissions of the energy-intensive industries are taxed at the rate sufficient to achieve the 10% emission reduction.   Then results of all the model scenarios are compared with the BAU (baseline scenario) when no emissions regulation measures are implemented.
Output based grandfathering: permits are allocated for free; each sector allocation of permits is determined by its benchmark market share in total production of ET sectors; 

Such allocation option seems to be politically attractive, as it could partially address the concerns over the uneven sector distribution of the economic burden of GHG abatement policies. When permits are allocated according to the market share of energy-intensive sectors in total output, each sector i receives an allocation of permits:
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represents the total endowment of emission permits for the emissions-trading system (according to the emission cap), 
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 is the quantity of emission permits allocated to sector i, 

Yi is the level of output in sector i; 

Y is the total output of the emissions trading sectors. 

As the allocation is tied to the level of production, this allocation rule corresponds to a sector-specific ad-valorem subsidy to output. The subsidization rate, si, equals the value of the permits allocation per value of sector`s of revenue in the base period.
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where Pi is the price of output in sector i,

 PCO2 is the price of one emission permit. 
Emissions-based grandfathering: permits are distributed for free, and each sector distribution of permits is determined by the share of its emissions in total emissions of the ET sectors. 
The sector’s i assignment of emissions permits is therefore defines by formula: 
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where Emmi is the base-year emissions of the sector i; 
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are the total emissions of emissions-trading sector in the base year. 

Although, this allocation scheme subsidies the industrial consumption of primary energy, the input subsidy rate is defined by formula:


[image: image9.wmf]å

=

ji

Q

P

CO

P

s

j

T

i

CO

i

2

2

,

where 
[image: image10.wmf]j

P

is the price of primary energy resource (j is oil, gas of coal)


[image: image11.wmf]ji

Q

is quantity of j type of primary energy consumed by sector i.

In the case of grandfathering, the ET sectors would make windfall profits equal to the market value of their received for free CO2 permits (
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Auctioning of permits: energy-intensive sectors buy permits from government. In fact, the auctioning is similar to the setting of an emission tax. On the one hand, the auctioned quotas or emission taxes would generally be an attack on property of regulated entities– though a selective one, which most of the governments try to avoid. On the other hand, auctioning of permits raises the governmental revenues (
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), which may be used to reduce, for example, the distortion taxes, or the other market inefficiencies. In the current version of model, two options are tested: (1) permit revenue is distributed as a lump-sum payment to a government; (2) permit revenues are recycled to reduce the labour taxes.
In total model has the following scenarios (Table 2.1):

Figure 2.1 CGE model for Ukraine: the simulation scenarios
	Name of the Scenario
	The instrument of CO2 emission abatement modelled.

	 Closed emission trading system

	
	Energy-intensive sectors
	Non energy-intensive, transport and extraction sectors.

	OUT_C
	Output-based grandfathering. 
	Emission taxation

	EMI_C
	Emission-based grandfathering.
	Emission taxation

	AP_C
	Auctioning. Revenues from permits sale belong to the government.
	Emission  taxation

	AP_C _ltax
	Auctioning. Permit revenues are recycled to reduce the labour taxes.
	Emission taxation

	Open emission trading system

	OUT_O
	Output-based grandfathering. 
	Emission taxation

	EMI_O
	Emission-based grandfathering.
	Emission taxation

	AP_O
	Auctioning. Revenue from permits sale is allocated lump-sum to the model`s representative agent.
	Emission taxation

	Emission taxation

	NTR
	Emission taxation. Revenues from carbon tax belong to the government

	NTR_ltax
	Emission taxation. Carbon tax revenues are recycled to reduce the labour taxes.


3 The CGE model structure and specifications 
The implications of different designs for emissions trading programs, particularly with respect to allocation schemes have been investigated in various numerical analyses. 

Böhringer, Ferris, and Rutherford (1998)
 assess the alternative use of grandfathered and auctioned permits as means to offset leakage from unilateral carbon abatement. From simulations with a comparative-static CGE model, they find that grandfathering produces significant efficiency losses compared to permits` auctioning because of implicit distortionary output subsidies that are not outweighed by the decline in carbon leakage. 

Jensen and Rasmussen (2000)
 have deepened this distributional perspective in a dynamic CGE model for Denmark. Their analysis confirms the high efficiency costs of output-based permit allocation to alleviate adverse adjustment effects of energy-intensive industries. 

Parry, Williams, and Goulder (1997) 
 highlight the importance of revenue-recycling in the presence of pre-existing tax distortions.  Reflecting the literature on “double dividends”, they stress the additional losses from environmental policies that do not raise government revenues: The interaction with distortionary taxes make carbon regulation more costly (“tax interaction effect”) while revenue-neutral cuts of taxes could ameliorate the overall costs (“revenue-recycling effect”). 
Fisher and Fox (2005)
 used a computable general equilibrium model to compare the performance of different rules for allocating carbon permits within sectors (lump-sum grandfathering, output-based allocation, and auctioning) and among sectors (historical emissions and value-added shares). Output-based allocation with sectoral distributions based on value added generates effective subsidies similar to a broad-based tax reduction, performing nearly like auctioning with revenue recycling, which generates the highest welfare. Allocation based on historical emissions supports the output of more polluting industries, which more effectively counteracts carbon leakage but is more costly in welfare terms. Industry production and trade impacts among sectors that are less energy intensive are also quite sensitive to allocation rules. 

Böhringer and Lange (2005)
 used an analytical partial equilibrium and numerical general equilibrium analysis (the PACE model) to identify impacts of emissions regulation mechanisms on production and employment in Germany. They simulate four scenarios taking into account international emissions trading. Several international options are considered: firstly, a carbon taxes at the level of the international permit price, secondly an international emissions trading system with auctions, and thirdly a grandfathering system. Authors state that low emission costs imply a negative trade-off vis-à-vis economic efficiency.  For reasons of political feasibility, emission trading systems may have to rely on free initial allocation of emission allowances in order to ameliorate adverse production and employment effects in dirty industries. 
This work presented in this paper is the natural extension of a major trend in the literature, which has sought to analyze the alternative allocation schemes of emission permits, and their impacts on the key macroeconomic and sectoral variables, within a general equilibrium macroeconomic modeling framework applied to Ukraine.  
Based on the Walrasian tradition
 (Walras, 1874), computable general equilibrium (CGE) models describe the allocation of resources in a market economy as s result of the interaction between supply and demand leading to the equilibrium prices. The building blocks of these models are equations representing the behaviour of the relevant economic agents - consumers, producers, the government, etc. Each of these agents demands or supplies goods, services or production factors as a function of their prices. The CGE models are primary tool for analyzing the impacts across multiple markets of changes in one or more policy variables. When the economy is initially at its unfettered equilibrium, the perturbation in prices, activity levels and demands caused by a change in the values of these parameters will induce convergence to a new, distorted equilibrium. According to the basic assumption that market forces lead to equilibrium between supply and demand, the general equilibrium model computes the new set prices that clear all markets, determining the allocation of resources and distribution of incomes that lead to a new equilibrium.  By comparing the pre- and post-change equilibrium vectors of prices, activity levels, demands and income levels, the policy may be evaluated, subject to the caveats of the accuracy and realism of the model’s assumptions.
Production structure of industries is described by industry production functions that include both primary factors and commodities produced by other sectors, as intermediate inputs. Each production sector is modelled by a nested (hierarchical) production function. It means that special functional forms as, for instance, Constant elasticity of substitution (CES), Cobb-Douglas (CD) or Leontief functions can be contained within the production functions, and many layers of hierarchy can be employed. This allows a flexible representation of the degree of substitution between inputs to the production process.  The output of production sectors is produced by the combination of energy goods, not-energy goods, and the primary factors: labour, capital and fossil fuel resources (for extraction sectors).  Labour and capital are exogenously supplied; labour is sector-specific, however capital is intersectorally, but not internationally mobile. All factors of production are supposed to be fully employed; producers aim at maximizing their profits; consumers maximize utility from consumption subject to a budget constraint; all markets of goods and factors of production are perfectly competitive. Producer goods are directly demanded by the households, investment sector, governments, other industries and the export sector. It is assumed that the balance of payment surplus/deficit are fixed at the benchmark level.

Because of climate policy context, the CGE model for Ukraine distinguishes between non-energy and electricity production sectors on the one hand and fossil fuel production sectors on the other hand.  To represent different substitution possibilities among the intermediate inputs and primary production factors consumed we employ the different production functions for these groups of sectors.

Carbon dioxide is the major emissions source in Ukraine; it is responsible for 76% of national GHG emissions, thus, other greenhouse gases were not considered in this model. Energy use during the production and consumption of goods and services produces varying amounts of the carbon dioxide (CO2) depending on the fossil fuel source.  To calculate the associated CO2 emissions one simply has to multiply the physical quantity of gas, coal and oil used in domestic production and by its emission coefficient. The marginal emissions abatement cost is determined as shadow cost that is produced by a constraint on carbon emissions equal to the tax that would have to be levied to achieve the targeted emissions level. 

When households consume the energy-intensive services (e.g., heating, lighting, hot and cold water, etc.) they inevitably pollute. However, under the current political context in the country (rapidly growing prices for imported gas, increasing volumes of electricity export to the EU countries, growing opposition to the president and so-called “orange coalition”) it is very risky to force households to invest in pollution abatement and/or purchase emission permits.  Thus under all model scenarios, Ukrainian households are not subject to carbon regulation. 
4 Model Results
4.1 Emission taxation

As we can see from the model results represented in the tables (4.1-4.6), the emission taxation (NTR) scenario produces the hugest structural changes towards the non-energy intensive industries. The aggregate output of the energy-intensive industries (Pulp and paper industry, Petroleum refinement Manufacture of chemicals, rubber and plastic products, Manufacture of mineral products, Metallurgy and metal processing, Electric power industry (including Gas and Heat supply), Manufacture of coke products and Manufacture of machinery and equipment ) has been reduced by 6.27 % of the benchmark. The aggregate output of the extraction industries (Mining of coal and peat, Productions of hydrocarbons) and the less-energy intensive industries (Transport, Rest of the industries aggregate) expands by 0.92 % (Table 4.1). The aggregate marginal abatement cost of emission reduction would be equal $ 0.48 per ton of CO2 (Table 4.2).  The bundle of emissions abatement occurs in the most energy-intensive sectors primarily in the Metallurgy and metal processing, Manufacture of coke, Mining of coal and peat which leads to the considerable contraction of their output. Less energy-intensive industries which are Manufacture of machinery and equipment, Productions of hydrocarbons and the Rest of the industries aggregate face expansion of their production. Production of hydrocarbons benefits the most from the emission taxation, although under the rest of scenarios its output falls down (Table 4.3).

4.2 Closed emission trading system
All the emission trading scenarios show more fair allocation of emission reduction efforts among the emissions trading industries and the taxed sectors.  Due to the flexibility from trade the ET industries face moderate cost of emission reduction and output contraction comparing with the NTR scenario. Non-trading sectors which emissions are taxed face higher cost of emission reduction and bigger output contraction. Model indicates that major abatement occurs in the most energy-intensive sectors, whereas output of the least energy-intensive industries tends to increase (Table 4.1).
Figure 4.1 Output change for the trading (ET) and non-trading sectors (not ET) , (Percentage deviation from the BAU)
	
	BAU
	NTR
	NTR_ltax
	AP_C
	AP_C_ltax
	OUT_C
	EMI_C

	ET
	0.00
	-6.27
	-6.11
	-4.39
	-4.07
	-4.11
	-4.29

	Non ET
	0.00
	0.92
	1.04
	-4.83
	-4.58
	-4.89
	-4.82


BAU: benchmark scenario   NTR: emission taxation   AP_C: auctioning of emission permits OUT_C: output-based grandfathering    EMI_C: emission based grandfathering  NTR_ltax: emission taxation  with recycling of carbon revenues to reduce the labour taxes  AP_C_ltax: auctioning of emission permits with recycling of carbon revenues to reduce the labour taxes.
Figure 4.2 Marginal abatement cost of emission reduction, ($/t CO2)
	
	BAU
	NTR
	NTR_ltax
	AP_C
	AP_C_ltax
	OUT_C
	EMI_C

	ET
	0.00
	0.48
	0.507
	0.24
	0.28
	0.34
	2.38

	Non ET
	0.00
	
	
	5.04
	5.17
	5.00
	4.92


BAU: benchmark scenario   NTR: emission taxation   AP_C: auctioning of emission permits OUT_C: output-based grandfathering    EMI_C: emission based grandfathering  NTR_ltax: emission taxation  with recycling of carbon revenues to reduce the labour taxes  AP_C_ltax: auctioning of emission permits with recycling of carbon revenues to reduce the labour taxes.
Under the Auctioning (AP_C) scenario output reduction in ET sectors is about 4.39%.  Due to the lack of any implicit subsidization, auctioning of emissions permits ensures the optimal reduction in production levels of the energy-intensive industries, which leads to the lowest marginal CO2 abatement cost (MAC): $0.24 /t CO2. Non-emissions trading sectors whose emissions are taxed to reach the 10% CO2 reduction target face substantial reduction in their output by 4.83%.  This effect could be attributed to the high energy intensity of the Non ET aggregate (especially of extraction industries), their interdependence with the ET sectors; increase in production cost due to carbon taxes, and the rigidity of command and control instrument of emission reduction. MAC of the Non ET sectors would be about 5.04 S/t CO2.

Under the Output-based Grandfathering (OUT_C) scenario there is moderate reduction in output of the ET sectors.  Free allocation of emission allowances to the ET sectors according to the output-based rule drastically ameliorates the adverse impacts on these sectors` production.  The output of emissions trading sectors falls by 4.11%. Production levels of emissions trading sectors are higher than optimal which leads to the high permit prices (0.34 $/t CO2) as output subsidization reduces incentives for emission reduction by output contraction. Non ET sectors face bigger decline in their output (by 4.89%) and high MAC (5.00 $/t CO2).  
Under the emissions-based allocation rule (EMI_C), energy consumption in emission trading sectors is subsidized. This results in substantial costs of emissions reduction as this allocation option reduces the incentive to substitute away from the consumption of energy-intensive inputs. Actually, there are two effects: (1) Energy subsidization reduces the energy prices and significantly lowers incentives to the emission reduction by fuel switch or energy-saving.  Model results shows that compliance with the rigid emissions limit results in strong output reduction of the emissions trading sectors by 4.29%/ MAC of the ET sectors equals to 2.38 $ /t CO2. Output of the non emission trading sectors drops by 4.82%, and their MAC would be 4.92 $ /t CO2.

Although carbon regulation has inevitably negative impacts on sectors production, the redistribution of carbon revenues to reduce the labour taxes allows for some softening of the negative impact on the production levels.  Model simulation confirm that the reduction of labour taxes under the scenarios NTR_ltax and AP_C_ltax causes drop in the purchase price of labour for the industry producers thus leading to some preservation of their overall production levels.  

According to the simulations, under all the scenarios, the abatement effect from carbon regulation has enormous impacts on a narrow range of the most energy-intensive industries (Metallurgy and metal processing, Mining of coal and peat, Manufacture of coke products, Petroleum refinement and Electricity sectors);  however, there is very moderate negative impacts  and even positive impacts on output of the least energy-intensive industries: Pulp and paper industry, Manufacture of machinery and equipment, Transport sector and Rest of the industries aggregate  (Table 4.3).  

Figure 4.3 Sectoral impacts on output from model scenarios (Percentage deviation from the BAU)
	
	BAU
	NTR
	NTR_ltax
	AP_C
	AP_C_ltax
	OUT_C
	EMI_C

	ET

	Pulp and paper industry, woodworking, publishing
	0.00
	5.39
	5.56
	8.96
	9.30
	10.29
	8.96

	Petroleum refinement
	0.00
	-3.77
	-3.83
	0.24
	0.06
	-0.58
	0.23

	Manufacture of chemicals, rubber and plastic products
	0.00
	-1.53
	-1.18
	6.40
	7.07
	6.96
	6.38

	Manufacture of other non-metallic mineral products
	0.00
	-2.46
	-2.35
	-1.31
	-1.09
	-1.10
	-1.31

	Metallurgy and metal processing
	0.00
	-22.16
	-22.28
	  -22.03
	-22.26
	-21.25
	-22.02

	Electric power industry, Gas and Heat supply
	0.00
	-3.88
	-3.79
	-3.48
	-3.31
	-3.37
	-3.49

	Manufacture of coke products
	0.00
	-21.42
	-21.53
	  -23.06
	-23.26
	-22.88
	-23.04

	Manufacture of machinery and equipment
	0.00
	-0.33
	0.56
	-0.88
	0.92
	-0.91
	-0.88

	Non ET

	Mining of coal and peat
	0.00
	-14.69
	-14.68
	  -19.58
	-19.53
	-19.43
	-19.58

	Productions of hydrocarbons
	0.00
	12.10
	12.74
	-3.79
	-2.49
	-3.89
	-3.79

	Transport
	0.00
	3.94
	3.88
	1.13
	1.04
	0.97
	1.13

	ROI
	0.00
	2.32
	2.19
	2.92
	2.65
	2.80
	2.92


BAU: benchmark scenario   NTR: emission taxation   AP_C: auctioning of emission permits OUT_C: output-based grandfathering    EMI_C: emission based grandfathering   NTR_ltax: emission taxation   with recycling of carbon revenues to reduce the labour taxes  AP_C_ltax: auctioning of emission permits with recycling of carbon revenues to reduce the labour taxes.
Figure 4.4 Sectoral production price change (Percentage deviation from the BAU)
	
	BAU
	NTR
	NTR_ltax
	AP_C
	AP_C_ltax
	OUT_C
	EMI_C

	ET

	Pulp and paper industry, woodworking, publishing
	0.00
	0.02
	-0.67
	-0.19
	-1.56
	-0.53
	-0.19

	Petroleum refinement
	0.00
	3.47
	2.87
	1.85
	0.66
	2.23
	1.85

	Manufacture of chemicals, rubber and plastic products
	0.00
	1.47
	0.82
	0.21
	-1.07
	0.10
	0.21

	Manufacture of other non-metallic mineral products
	0.00
	1.15
	0.48
	1.10
	-0.25
	1.01
	1.10

	Metallurgy and metal processing
	0.00
	5.02
	4.40
	5.53
	4.28
	5.37
	5.53

	Electric power industry, 

Gas and Heat supply
	0.00
	1.79
	1.14
	2.01
	0.70
	2.15
	2.02

	Manufacture of coke products
	0.00
	6.07
	5.47
	10.07
	8.79
	10.89
	10.05

	Manufacture of machinery and equipment
	0.00
	0.79
	0.11
	0.74
	-0.63
	0.50
	0.74

	Non ET

	Mining of coal and peat
	0.00
	1.29
	0.62
	9.48
	7.96
	9.48
	9.48

	Productions of hydrocarbons
	0.00
	-2.22
	-2.82
	3.60
	2.24
	3.66
	3.61

	Transport
	0.00
	-0.30
	-0.98
	1.64
	0.24
	1.70
	1.64

	Rest of the industries aggregate
	0.00
	-0.17
	-0.86
	0.26
	-1.15
	0.31
	0.26


BAU: benchmark scenario   NTR: emission taxation   AP_C: auctioning of emission permits OUT_C: output-based grandfathering    EMI_C: emission based grandfathering   NTR_ltax: emission taxation  with recycling of carbon revenues to reduce the labour taxes  AP_C_ltax: auctioning of emission permits with recycling of carbon revenues to reduce the labour taxes.
Figure 4.5 Export level change (Percentage deviation from the BAU)
	
	BAU
	NTR
	NTR_ltax
	AP_C
	AP_C_ltax
	OUT_C
	EMI_C

	ET

	Pulp and paper industry, woodworking, publishing
	0.00
	9.10
	9.35
	15.16
	15.68
	17.61
	15.02

	Petroleum refinement
	0.00
	-8.84
	-9.06
	0.43
	-0.15
	-1.33
	0.92

	Manufacture of chemicals, rubber and plastic products
	0.00
	-1.73
	-1.41
	8.94
	9.55
	9.66
	9.02

	Manufacture of other non-metallic mineral products
	0.00
	-1.91
	-1.78
	1.28
	1.53
	1.79
	1.29

	Metallurgy and metal processing
	0.00
	-25.04
	-25.21
	-24.82
	-25.17
	-23.94
	-24.78

	Electric power industry, 

Gas and Heat supply
	0.00
	-5.58
	-5.57
	-3.80
	-3.78
	-4.19
	-3.75

	Manufacture of coke products
	0.00
	-32.75
	-33.07
	-40.94
	-41.43
	-42.32
	-40.60

	Manufacture of machinery and equipment
	0.00
	0.46
	1.38
	0.83
	2.72
	1.17
	1.29

	Non ET

	Mining of coal and peat
	0.00
	-14.57
	-14.54
	-38.96
	-38.78
	-38.85
	-39.36

	Productions of hydrocarbons
	0.00
	16.05
	16.69
	-5.46
	-4.17
	-5.61
	-4.49

	Transport
	0.00
	8.13
	8.11
	1.83
	1.87
	1.53
	2.01

	Rest of the industries aggregate
	0.00
	6.79
	6.78
	7.93
	7.90
	7.65
	7.84


BAU: benchmark scenario   NTR: emission taxation   AP_C: auctioning of emission permits OUT_C: output-based grandfathering    EMI_C: emission based grandfathering   NTR_ltax: emission taxation  with recycling of carbon revenues to reduce the labour taxes  AP_C_ltax: auctioning of emission permits with recycling of carbon revenues to reduce the labour taxes.
Figure 4.6 Import level change (Percentage deviation from the BAU)
	
	BAU
	NTR
	NTR_ltax
	AP_C
	AP_C_ltax
	OUT_C
	EMI_C

	ET

	Pulp and paper industry, woodworking, publishing
	0.00
	1.39
	1.39
	2.30
	2.29
	2.38
	2.26

	Petroleum refinement
	0.00
	3.92
	3.98
	0.37
	0.53
	0.85
	0.19

	Manufacture of chemicals, rubber and plastic products
	0.00
	-0.30
	-0.15
	2.25
	2.55
	2.48
	2.26

	Manufacture of other non-metallic mineral products
	0.00
	-3.29
	-3.34
	-3.72
	-3.80
	-3.75
	-3.69

	Metallurgy and metal processing
	0.00
	-7.29
	-7.12
	-7.60
	-7.26
	-7.38
	-7.47

	Electric power industry, 

Gas and Heat supply
	0.00
	-4.06
	-4.02
	-4.28
	-4.20
	-3.84
	-4.39

	Manufacture of coke products
	0.00
	-11.91
	-11.85
	-6.66
	-6.57
	-4.68
	-6.81

	Manufacture of machinery and equipment
	0.00
	-0.91
	-0.48
	-0.38
	0.51
	0.05
	-0.25

	Non ET

	Mining of coal and peat
	0.00
	-15.91
	-15.97
	-7.72
	-7.90
	-7.52
	-8.31

	Productions of hydrocarbons
	0.00
	-6.18
	-6.15
	-5.15
	-5.10
	-5.26
	-4.80

	Transport
	0.00
	-1.66
	-1.77
	0.58
	0.34
	0.61
	0.44

	Rest of the industries aggregate
	0.00
	-3.34
	-3.39
	-3.37
	-3.46
	-3.24
	-3.35


BAU: benchmark scenario   NTR: emission taxation   AP_C: auctioning of emission permits OUT_C: output-based grandfathering    EMI_C: emission based grandfathering   NTR_ltax: emission taxation  with recycling of carbon revenues to reduce the labour taxes  AP_C_ltax: auctioning of emission permits with recycling of carbon revenues to reduce the labour taxes.
Welfare and GDP impacts 

Equivalent variation (EV) measure was chosen to measure the welfare impacts of the carbon regulation policies that represents the percentage change in the quantity of cumulative household consumption from its benchmark levels. The CO2 regulation policies lead to increase in production prices and decrease in output levels of the most energy-intensive industries thus resulting in reduction of the overall final consumption. However the scenarios that foresee recycling of the carbon revenues to reduce labor taxes (NTR_ltax and AP_C_ltax) somehow preserve output of the industries lowering the overall labor prices (Table 4.7). Due to the abovementioned effects they also have positive effect on the overall household consumption.  

The product approach was used to measure the GDP change induced by carbon policies. It includes summation of private consumption (C), investment (I), government spending (G), and net export (EX - IM). 

GDP = C + I + G + EX – IM

Model results indicate that for all closed ETS scenarios there is slight increase of Ukrainian GDP. It occurs in result of the structural changes induced by the CO2 regulation policies that lead to increase in export and reduction of imported volumes for the least energy-intensive industries and vice versa for the most energy-intensive industries. However it should be noted that although the CGE models consider the relative prices only, the impact of CO2 abatement policies in a real world situation could somewhat differ from the model results. 
Figure 4.7 Welfare  and GDP impacts (% vs BaU)
	Scenario
	Change in the Household consumption
	Change in GDP

	BAU
	0.00
	0.000

	NTR
	-0.13
	0.38

	AP_C
	-0.54
	0.60

	OUT_C
	-0.55
	0.57

	EMI_C
	-0.54
	0.59

	NTR_ltax
	0.56
	0.35

	AP_C_ltax
	0.85
	0.54


BAU: benchmark scenario   NTR: emission taxation   AP_C: auctioning of emission permits OUT_C: output-based grandfathering    EMI_C: emission based grandfathering   NTR_ltax: emission taxation  with recycling of carbon revenues to reduce the labour taxes  AP_C_ltax: auctioning of emission permits with recycling of carbon revenues to reduce the labour taxes.
4.3 Open emissions trading system.
Cost effectiveness of carbon abatement policies suggests the implementation of emission reduction where is the cheapest. Functioning of the emissions trading system open for the international emissions trading market with fully elastic supply and demand would ensure the most flexible emissions reduction. The model simulations were run for the exogenously set international permit prices ranging from $10 up to $100. If the domestic marginal emission abatement cost exceeds the international price for emission permits, country imports emission permits, and vice versa.

From efficiency considerations it is profitable for industries to gradually decrease energy-intensive production towards the high permit prices in order to gain from permit export.

According to the model simulations, for all scenarios, associated with emissions trading, export of emission permits increases towards higher international permit prices, which indicated the increased economic incentives for the ET sectors to abate the CO2 emissions domestically.  As we can see from the Figure 4.8, the Auctioning scenario (AP_O) gives the largest   reductions in production levels of the emissions trading sectors: from 38% when price for permits is $10 till 60.5% when price for permits rises up to $100.  Also, there is the largest volumes of emission permits export as shown of the Figure 4.11: from 150 mln t CO2 for $10 price of emission permits to 210 mln CO2 when permits price is $100. 

The subsidization effects of the Output-based (OUT_O) and Emission-based (EMI_O) grandfathering preserve the production levels of ET sectors, which aggregate output would be higher than optimal (Figure 4.8). Also, subsidization effects of the grandfathering scenarios reduce the incentives for the efficient emissions abatement (Figure 4.12) of the emissions trading sectors and also the perspective of emissions permits export (Figure 4.11)
.

As was mentioned previously, due to the absence of subsidization effects Auctioning of permits (AP_O) scenario ensures the highest levels of emissions reduction. The Emissions-based grandfathering of emission permits subsidizes the energy consumption, thus resulting in the lowest levels of emission reduction.

Model simulations show that when revenues from CO2 permits export are accounted in the model, there is still a sharp increase in GDP for all the model scenarios (Figures 4.16 _ 4.17). 
Figure 4.8 Production levels in the emission trading sectors (Percentage deviation from the BAU).
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering 
Figure 4.9 Production levels in the non-emission trading sectors (Percentage deviation from the BAU)
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering 
Figure 4.10 Total industry production (Percentage deviation from the BAU)
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering 
Figure 4.11 CO2 export by the emission trading sectors, mln t CO2.
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering 
Figure 4.12  CO2 emission levels of the emission trading sectors (Percentage deviation from the BAU)
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering 
Figure 4.13 CO2 emission levels of the non emission trading sectors (Percentage deviation from the BAU)
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering 
Figure 4.14 Total industry CO2 emissions (Percentage deviation from the BAU)
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering 
Figure 4.15 Welfare change (Percentage deviation from the BAU)
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering 
Figure 4.16 GDP change excluding the revenues from export of CO2 permits (Percentage deviation from the BAU)
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering 
Figure 4.17 GDP change including the revenues from export of CO2 permits (Percentage deviation from the BAU)
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BAU: benchmark scenario  NTR: emission taxation  AP_O :auctioning of emission permits   OUT_O: output-based grandfathering   EMI_O: emission based grandfathering.
Conclusions
This work is the natural extension of a major trend in the literature, which has sought to examine the country wide or economy wide effects of GhG emission reduction policies (both macroeconomic and sectoral) and their powerful and pervasive impacts on social issues.

The main model findings can be summarized as follows: 

(1) The introduction of CO2 emissions regulation policies increases the prices of energy and also of energy-intensive products and decreases total energy and energy-intensive consumption.  The shift in comparative advantage depends on the level of the CO2 tax/price of emission permits and the degree to which various industries differ in terms of emission intensity. According to the simulations, under all the scenarios, the abatement effect from CO2 regulation has enormous impacts on a narrow range of the most energy-intensive industries (Metallurgy and metal processing, Mining of coal and peat, Manufacture of coke products, Petroleum refinement and Electricity sectors); however, there is very moderate negative impacts and even positive impacts on output of the least energy-intensive industries. For all the model scenarios, Woodworking, pulp and paper industry, Manufacture of machinery and equipment and the Rest of the industries aggregate expand their production.

(2) Flexibility from trade ensures that emission abatement takes place where the MAC is the lowest. Model indicates that all the emission trading scenarios show more fair allocation of emission reduction efforts among the emissions trading industries and the taxed sectors.  Due to the flexibility from trade the ET industries face moderate cost of emission reduction and output contraction comparing with the NTR scenario. Non-trading sectors which emissions are taxed face higher cost of emission reduction and bigger output contraction. 

  Due to the lack of any implicit subsidization, Auctioning of emissions permits ensures the optimal reduction in production levels of the energy-intensive industries, which leads to the lowest among all the trading scenarios marginal abatement costs for the ET sectors.

Under the Output-based Grandfathering scenario free allocation of emission allowances to ET sectors according to the output-based rule drastically ameliorates the adverse impacts on these sectors` production.  However, moderate reduction in output of ET sectors is compensated by large drop in output of taxed sectors.  Production levels of emissions trading sectors are higher than optimal which leads to the high permit prices as output subsidization reduces incentives for emission reduction by output contraction. Also, in this case, more emission reduction is required from the Non ET sectors that lead to bigger decline in their output and high MAC. The output-based allocation rule ameliorates adverse impacts of emission constraints on production and output of energy-intensive sectors, but this compensation comes at substantial efficiency losses.

Model simulation indicates that Emission-based grandfathering performs the worst. Under this allocation scheme energy consumption in emission trading sectors is subsidized, rewarding production with CO2 intensive technologies, increasing emissions, MAC and reducing the incentives to substitute away from the consumption of energy-intensive inputs and improve the energy efficiency of trading sectors.

Recycling of revenues from the CO2 emissions taxation and auctioning of the emission permits towards reduction of labour taxes have the overall positive effect allowing for the preservation of both the production levels of the most energy-intensive industries and the households consumption.
Model simulation indicate that production and trade impacts among the less energy intensive sectors whose emissions are taxed are also quite sensitive to the allocation rules for the emission trading sectors. 
 (3) In open emissions trading systems the trade-off between the environmental efficiency and subsidization becomes the more severe, the higher the international permit price is. Functioning of the emissions trading system open for the international emission market with fully elastic supply and demand would ensure the most flexible emissions reduction.  From efficiency considerations it is profitable to gradually decrease energy-intensive production towards high permit prices in order to gain from permit export.  

Under the Auctioning scenario (AP_O), the reductions in production levels of the emissions trading sectors are the largest.  The subsidization effects of the Output-based and Emission-based grandfathering preclude the efficient reduction in output levels and emissions would be higher then optimal.  

The efficiency costs for ameliorating adverse production and output effects in energy-intensive industries through Output-based or Emission-based allocation becomes more costly the higher the international permit price is. The costs reflect foregone gains from permit trade because permit exports would be smaller than the efficient volumes under auctioned permit systems. 

 (5) In any case there are should be no doubts regarding the feasibility of ETS implementation for the cost-effective emission reduction in Ukraine. There is just choice between the politically acceptable scheme of emission reduction which is output-based grandfathering and the environmentally effective option which is auctioning. Although, taking into account the existing considerable subsidization of the energy-intensive industries, 100% auctioning of the emission permits seems very impossible, primarily in the short run. It would be reasonable to follow the allocation pattern of the European emission trading scheme: to auction about 5% of permits and to grandfather the rest of them and to gradually increase the share of auctioned permits during the next emissions trading periods.  

(6) Taking into account the tremendous potential for the cheap emission reduction of Ukrainian industries, implementation of the open emission trading system seems to be more feasible then the restricted one.  However, in this case auctioning of the emission permits is the only scenario that ensures optimal emission reduction (along with the optimal output reduction of the energy-intensive industries) and the biggest volumes of permits export. 

The view that carbon emissions regulation is merely a source of costs and thus entails competitive disadvantages for the affected firms and companies seems to be rather controversial.  In the long term, according to the so called “Porter hypothesis”
, environmental regulation can generate competitive advantages.  This hypothesis postulates that, in the long term, the objectives of environmental protection and commercial competitiveness are congruent with each other. A pioneering environmental policy role can create technological first mover advantages and make companies more innovative. 

Further analysis is needed to extend the model design of some potentially important aspects missing from our investigation. First of all, the model simulations were conducted for the perfect competitive conditions, whereas Ukrainian national energy-intensive producers function under imperfect competition and are subject to a regular governmental intervention regarding the prices and tariffs. Also, because of the climate policy context, it would be useful to address the electricity generation in technological details thus representing substitution possibilities among the high-emission (oil, gas, coal) and low emission energy sources (uranium and hydropower) in Ukraine. This calls for model extension, which would also allow accounting of the existing market imperfections as well as the future availability of the carbon-free back stop technologies.

Appendix
The Aggregated Ukrainian  Input-Output Table (2003)
	 
	Mining of coal and peat
	Productions of hydrocarbons
	Woodworking, pulp and paper industry, publishing
	Petroleum refinement l
	Manufacture of chemicals, rubber and plastic products
	Manufacture of other non-metallic mineral products
	Metallurgy and metal processing
	Electric power industry, 

Gas and Heat supply
	Manufacture of coke products
	Manufacture of machinery and equipment
	Transport
	Rest of the industries aggregate
	Household final demand

 
	Governmental  final demand

 
	Gross accumulation


	Export
	Import
	Total use

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mining of coal and peat
	1755
	 
	21
	 
	3
	78
	1989
	3311
	5266
	16
	39
	230
	705
	1
	120
	490
	-2515
	11509

	Productions of hydrocarbons
	25
	524
	114
	12901
	3668
	934
	7386
	6142
	4
	1717
	3059
	1955
	1578
	83
	218
	4105
	-38863
	5550

	Woodworking, pulp and paper industry, publishing
	60
	6
	4568
	4
	336
	191
	149
	87
	5
	275
	185
	6009
	634
	4
	201
	3553
	-5407
	10860

	Petroleum refinement
	191
	172
	57
	1724
	197
	279
	563
	282
	18
	363
	2635
	6995
	2121
	1
	1
	7764
	-2237
	21126

	Manufacture of chemicals, rubber and plastic products
	337
	154
	1132
	53
	6446
	317
	602
	151
	71
	1197
	350
	6988
	3623
	197
	1103
	13078
	-15498
	20301

	Manufacture of other non-metallic mineral products
	73
	18
	11
	1
	123
	896
	1221
	76
	3
	343
	109
	4019
	291
	1
	945
	1595
	-1705
	8020

	Metallurgy and metal processing
	512
	241
	61
	13
	190
	424
	12000
	269
	58
	4176
	780
	4447
	343
	1
	1
	45356
	-8754
	60118

	Electric power industry, 

Gas and Heat supply
	1659
	197
	250
	137
	1518
	665
	4247
	1573
	80
	1001
	1833
	8026
	5765
	645
	1
	607
	-14
	28190

	Manufacture of coke products
	5
	 
	 
	 
	93
	19
	5239
	904
	413
	26
	13
	87
	1
	1
	170
	1244
	-650
	7565

	Manufacture of machinery and equipment
	956
	141
	88
	51
	204
	164
	1380
	392
	36
	9231
	977
	5184
	5434
	288
	22816
	22560
	-33781
	36121

	Transport
	669
	145
	163
	89
	312
	235
	873
	453
	20
	552
	2537
	18979
	6335
	2287
	1
	17755
	-4805
	46600

	Rest of the industries aggregate
	755
	484
	966
	133
	1461
	1007
	8496
	1934
	273
	3826
	5690
	29717
	93792
	56599
	39823
	79133
	-31768
	292321

	Product  taxes
	-405
	212
	706
	1270
	1368
	648
	5371
	1086
	863
	2842
	2171
	109351
	 
	 
	 
	 
	 
	 

	Wages
	4264
	699
	1808
	566
	2320
	1820
	7087
	5194
	401
	8834
	13541
	75442
	 
	 
	 
	 
	 
	 

	Gross receipt
	653
	2557
	915
	4184
	2062
	343
	3515
	6336
	54
	1722
	12681
	14892
	 
	 
	 
	 
	 
	 

	Total output 
	11509
	5550
	10860
	21126
	20301
	8020
	60118
	28190
	7565
	36121
	46600
	292321
	 
	 
	 
	 
	 
	 


Elasticities:

	Elasticity between the value added and energy 
	0.2

	Elasticity of substitution between the labor and capital 
	0.2

	Elasticity between electric non-electric energy 
	0.4

	Elasticity between coal and  hydrocarbons 
	0.5 

	Elasticity of substitution between the fossil fuels in household and governmental demand 
	0.5

	Elasticity of  substitution between energy and non-energy inputs in final demand 
	0.3

	Elasticity for hydrocarbons  supply 
	0.5

	Elasticity for coal supply 
	0.6 

	Elasticity of substitution in energy production 
	0.3

	Elasticity of substitution between value added and electricity 
	0.3

	Elasticity between domestic production and import 
	2

	Elasticity of transformation between domestic and export 
	4
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