EU Emissions Tra‘cgli,n'

Generic Approach to Environmental Policy Analysis

« |dentification of incentive problems (market failures) h _
 Design of regulation policies (internalization) >,
-
- +
* Assessment of alternative policy options (trade-offs): =0
- Overall cost implications (efficiency) >~ 9 %
- Distributional impacts (equity) % 3

-

Applied research based on sound theory:

» Quantitative evidence
« Relative importance of theoretical arguments

Information basis for rational decision making




From Theory to Practice: Political Economy of Regulation

Asymmetric distribution of costs and benefits
» Winners and losers of policy-induced structural change:

— Sectors/firms: production, employment, profits (competitiveness)
— Households: income (endowments) and expenditure (preferences)

Compensation of adversely affected economic agents

« Deviation from market principles (e.g. polluter pays):
— Differentiation, exemptions
» Rebate of scarcity rents:

— Tax recycling, subsidies
— Free allocation of permits (allowances)

=Py |dentification of efficiency trade-offs

Role of Quantitative Analysis (e.g. CGE)

» Systematic and consistent analysis of complex relationships
between assumptions (inputs) and results (outputs)

* Relative importance of uncertainties (results robustness):
- Assumptions (behavioural, institutional, etc.)
- Data

e Magnitude of trade-offs between multiple policy objectives
- Allocative efficiency

- Distribution
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EU-ETS and NAPs

EU Emissions Trading System (Directive)
» Objective:

— Cost-efficient implementation of Kyoto Protocol under EU-BSA
» Coverage:

— Participants (DIR sectors): energy-intensive installations (electricity, iron and steel,
paper and pulp, non-ferrous metals)

— Not included (NDIR sectors): chemicals, transport, household, small emitters

¢ Free allocation of emissions allowances

National Allocation Plan (NAP)
Macro plan: Micro plan (for DIR sectors):
« Installation-specific allocation

« Division of national emission budget

between DIR and NDIR sectors « Definition of general allocation rules

» Special rules (e.g. early-action)

Experience: EU Carbon goes to the Market!

Market places: Prices and volumes (July 04 - July 05):
— Increasing volume
— Increasing price

EUA volume: Total Market Volume
(May 2005 - October 2005)
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Key Issues of EU Emission Regulation

Cost efficiency
equalized MACs

~What is at Stake ?“

Compensation Non-Discrimination
lump-sum transfers

harmonized rules

Key issues (selection):
» Segmentation of EU emission markets (one DIR- / multiple NDIR-markets)
« Political economy of adjustment costs (“alleviated” structural change)

« Multi-jurisdictional legislation (special interests)

2. Stylized Analysis
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Efficiency Condition: Equalization of MACs

 Central planner problem:

Minimization of compliance costs:

Mein C(e) + t( & -E)

First order condition:

t=-C

t : international allowance price; C, :emission abatement cost function for sector i
e : emissionsin sector i; E: exogenous emission budget

* Information requirements for segmented markets:

— International allowance price Enor = Enoir = € Eor =E- Evor
il NDIR

— Abatement options of NDIR sectors . ) v = =
P Optimal allocation factor: |~ =By, / Egy
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Efficiency Losses of Hybrid Regulation
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Compensation: Allocation Rules

« Extension of simple MAC model for commodity market:

Maximization of economic surplus (central planner):

max = q P(s)ds- c(mq- ¢ (m- E)

First order conditions:

P(@) =c(m+tm (1) t=-c(m (2

m: emission rate; g: output, c(m) : unit cost function (constant in g, decreasing in m)
P(q): inverse commodity demand function

« Allocation rules:
— Base: output-based versus emissions-based
— Time: static (based on historical data) versus dynamic (updating)

Compensation: Implications of Dynamic Allocation

Decentral profit maximization:

max Pq- c(ma+£(/, a+/, m- )

First order conditions:

P(a)=c(m+tm- 1t - [ ; t@l-/,)=-c'(m

Equilibrium conditions: (/, =E/q;/, = E/(/m))

Output-based allocation P(q)=c(m+tm- tElq; t=-c(m

Emissions-based allocation: P(q) =c(m)+tm tElq; t(1- E/(/m)) =-c'(n)

/,=Elq: allocation of emission allowances E proportional to production q
/.= E/(nq) - alocation of emission allowances E proportional to emissions (/)




Compensation: Summary

Dynamic allocation

Static allocation

e Output-based rule:

— production higher than efficient
(implicit output subsidies)

e Emissions-based rule:

— production higher than efficient
— specific emissions higher than efficient

* No distortions

Alleviation of structural change No impacts

Trade-off with efficiency

Lump-sum transfer
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Harmonization: Endogeneity Problem

NAP Decision Problem:

— € bR _ E: - € nDIR

9.0 9.0y

r

Endogeneity:

+ Choice of g, (*)

 Choice of € p|r

/,=9,03 *€ bir

Trade-off between efficient choice of emissions budget and
implementation of identical allocation factors (harmonized
free allocation of emission rights)
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Harmonization: Options

Options for harmonizing the allocation factors:

* Adjustment of budget between RL- and NRL-sectors:

— Trade-off with efficiency objective : Abatement becomes more
expensive due to differences in marginal abatement costs

— Burden shifting between RL- and NRL-sectors

« Partial auctioning of emissions allowances:

zB.: 1- //ﬂ /o =min{/ }

r

— Trade-off with compensation objective (free allocation)
— Additional costs for energy-intensive firms
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3. Simulation Results
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Numerical Simulation Models

Partial equilibrium model of emission abatement (MAC curves)

— Based on Marginal Abatement Cost Curves for sectors within (DIR)
and outside (NDIR) the EU Emissions Trading Directive
— Comprehensive sensitivity analysis:

International allowance price ranging from 1 €tCO, to 20 €/tCO,
Allocation factor ranging from | =80% to | =100%

Generation of MAC curves:
— Step-wise increase of a CO,-tax (in each region)

— Tax causes emission reduction
— Resulting pairs are fitted for DIR and NDIR sectors:
-Coe)=ay, (e, - &)*a, (8, - &) +a,(e, -§)° il {DIRNDIR

Computable general equilibrium (CGE) model of EU Member States

— Multi-sector, multi-region model of the EU (data base: e.g. GTAP)
— Incorporation of market interactions and income closures

— Micro-consistent calibration based on empirical data for technologies and
consumer preferences
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Numerical Simulation Models

* Reduced form representation of compliance cost to climate policies:
- Direct compliance (abatement) cost
- No indirect (general equilibrium) effects such as changes in terms of trade

* Graphical illustration:
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Static Structure of Generic CGE Model
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Static Structure of Generic CGE Model
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Regions and Sectors: lllustration based on GTAP

EU member countries Production sectors

AUT Austria Primary energy carriers
BEL Belgium COoL Coal

DEU Germany CRU Crude oil

DNK Denmark GAS Natural gas

ESP Spain Energy-intensive sectors (EI S)
FIN Finland OIL Refined oil products
FRA France ELE Electricity

GBR United Kingdom ORE Iron and steel

GRC Greece PPP Paper, pulp, and printing
IRE Ireland NFM Non-ferrous metals
ITA Italy Remaining manufacturers and services
NLD Netherlands ROI Rest of Industry
PRT Portugal
SWE Sweden
HUN Hungary

POL Poland
XCE Remaining accessions states
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Efficiency Cost of Segmented Regulation (Germany)

Total compliance costs
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1600 -
1400 -
1200 +
1000 +

S Allocation factor

14
16 30 [%0]

International emissions price 18
[€2002/tCO2]

24

Source: Bohringer et al. (2006), EneEco
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Compliance Cost of DIR Sectors (Germany)

Total compliance costs of DIR sectors
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Source: Bohringer et al. (2006), EneEco
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Compliance Cost of NDIR Sectors (Germany)

Total compliance costs of NDIR sectors
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Source: Bohringer et al. (2006), EneEco
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Efficiency Cost of Segmented Regulation (Germany)

Emissions| [/ Compkliancg Compliance  Absolute excess Relative
price costs’ for / costs for /=1 costs excess costs

(in €2002/tco2) (in mill.€5002) (in mill. €3002) (in mill. €3002) (as a factor of costs*)
5 87.2 2454 14943 1248.9 5.1 [5.6]
6 87.6 269.5 1457.9 1188.4 4.4 [4.91
7 88.0 285.7 14155 1129.8 4.0 [4.4)
8 88.3 294.5 1367.1 1072.6 3.6 [4.01
9 88.7 295.7 1313.0 1017.3 3.4 [3.8]
10 89.0 289.7 1253.4 963.7 3.3 [3.6]
11 89.4 276.6 1188.5 911.9 3.3 [3.5]
12 89.7 256.8 1118.4 861.6 3.4 [3.5]
13 90.1 230.4 1043.3 812.9 35 [3.6]
14 90.4 197.5 963.4 765.9 3.9 [3.8]
15 90.7 158.4 878.8 720.4 4.5 [4.2)

[T Sensitivity analysis based on CGE simulations Source: Bohringer et al. (2006), EneEco
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[llustration: Burden Shifting between DIR and NDIR

* Compliance cost for alternative allocation factors at international
allowance price of 10 €/CO, (Germany):

— |: allocation factor (allowance allocation to DIR sectors as a ratio of BaU emissions)
— | *: computed efficient allocation factor

Tota (mio. €x002) DIR sectors (mio. €2002) NDIR sectors (mio. €2002)
/"=0.89 289.7 204.1 85.6
/=1 1253.4 -325.3 1578.7

Source: Bohringer et al. (2006), EneEco
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Compensation and Efficiency: Updating Rules

« CGE simulations for various EU Member States:

— Stylized policy target: 10% emission reduction vis-a-vis BaU

» Policy scenarios:

Regulatory Policy International
Emissions Trading
DIR sectors NDIR sectors
Emissions trading /
AUCTION auctioning CO; tax Yes

Emissions trading /
output-based allocation

OUTPUT CO, tax Yes

EMISSION Emissions trading /

emissions-based allocation CO. tax Yes
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Efficiency Costs of Alternative Updating Rules (Germany)
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Alternative Updating Rules: DIR Production (Germany)
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E-€
H iati . = r - € noiR
armonziation: / =————
€ DIR
[ 2 [3 [4 (51 [6] yl (8] [9]
CO, Emissions Kyoto-Target  CO,Budget  CO, Emissions Effective Opt. Emiss.: Allocation / in Rest-Auction
(1990) E. (1997) Reduction Target Fector /,
er.NRL
Mt [% of 1990] Mg Mg [% of 1997] Mt [%0f E:- € ]
Austria 50 13,0 43 54 196 36 041 0,34 17
Belgium 118 75 109 132 175 95 0,42 034 19
Germany 975 21,0 770 858 103 484 0,80 0,34 58
Denmark 55 21,0 44 68 358 32 034 0
Spain 214 -15,0 247 259 48 169 0,94 0,34 64
Finland 52 00 52 59 109 27 0,81 034 58
France 378 0,0 378 384 16 313 113 0,34 70
United Kingdom 558 125 488 522 65 328 0,90 0,34 62
Greece 7 25,0 89 84 65 46 121 0,34 72
Ireland 26 -13,0 29 32 83 17 0,88 0,34 61
Itayl 394 6,5 369 405 89 257 0,81 0,34 58
Luxembourg 9 28,0 7 7 95 6 0,96 0,34 64
Netherlands 200 6,0 188 222 151 153 0,57 034 40
Portugal 45 -27,0 57 54 -52 35 0,34 73
Sweden 53 -4,0 55 56 16 45 1,00 0,34 66
EU-15 3198 86 2925 3196 85 2043 0,83 0,34 59
32
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Harmonization: Uniform Allocation Factors

Overall EU-15 Compliance Costs

Harmonized domestic action
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4. Conclusions
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Summary

e Segmentation of EU carbon markets through EU-ETS:
— Potentially large efficiency losses (due to missing information or lobbying)
— Burden shifting between DIR and NDIR sectors

e Allocation of emission allowances:
— Policy-relevant trade-off between efficiency and compensation

— Output-based allocation rule superior to emissions-based rule for alleviating
structural change

— Implicit subsidies to DIR sectors at the expense of NDIR sectors

¢« Harmonization of allocation factors:

— Inevitable trade-off with free allocation and overall efficiency (“Mission Impossible™)

« Recommendation for mid-term policy design:

— Comprehensive trading system (upstream)
— Auctioning of emission allowances

35

Further Research Issues

* Market power (strategic design of NAPS):

— Segmentation of overall national emission budget
— Choice of allocation rule

« Overlap with existing regulation:
— Environmental/energy taxes
— Subsidies to renewables (green quota)

¢ Political Economy:

— Evolution of EU Emissions Trading Directive
— Design of NAPs (e.g. the role of lobbying)
— Multi-jurisdictional policy context

e Carbon Market Design:
— Price volatilities
— Financial market instruments

36
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Dissemination: A Do-it-yourself Simulation Model

(http://brw.zew.de/simac/)
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