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§ Market	
  performance	
  
§ MoGvaGon	
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  efficient	
  investment	
  
§ Compare	
  efficiencies	
  

§  Investment	
  costs	
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  costs	
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Guiding	
  ques4on:	
  
	
  

How	
  will	
  investments	
  and	
  producGon	
  
under	
  a	
  transi4on-­‐hybrid	
  differ	
  from	
  	
  

Ø  a	
  tax?	
  
Ø  an	
  ETS?	
  



Hypothesis 

– Tax:	
  most	
  opGmal	
  behaviour	
  
– ETS:	
  least	
  opGmal	
  behaviour	
  
– TransiGon-­‐Hybrid:	
  more	
  opGmal	
  than	
  ETS,	
  
less	
  opGmal	
  than	
  tax	
  

à	
   Tax	
  

à	
   Tax	
   ETS	
  

à	
   ETS	
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§  3 Treatments 
§  9 Sessions  
§  University of Sydney students, recruited by  

 ORSEE (Greiner, 2004) 
§  Programmed in zTree (Fischbacher, 2007) 
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Experiment Design 



E.	
  Bernold	
  6	
  

Phase	
  1	
   Liability	
  Phase	
  

Tax	
   Pre-­‐Liability	
   Tax	
  

ETS	
   Pre-­‐Liability	
   ETS	
  
Transi4on	
  
Hybrid	
   Pre-­‐Liability	
   Tax	
   ETS	
  

§ 8	
  Decision	
  Makers	
  per	
  Group	
  
§ Each	
  Round	
  =	
  13	
  Periods	
  
§ 4	
  Rounds	
  per	
  Session	
  
	
  

Treatments 
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Results:  
Efficiency Comparisons 

 
§ Investment Cost 
§ Total Abatement 
§ Overall Earnings 
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Investment Cost Efficiency 
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Profit with initial technology Ai

⇡

Ai

i = Yi � C(Ai) (1)

Profit with upgraded technology Ui = [V,W,X, Y ]
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Agents equate Investment Costs to di↵erence in production/abatement costs to maxi-

mize profit:

UX

A

IC(Ui) = C(Ai)� C(Ui) (3)

Y : maximum production income

C(xi) = P(number of permits bought in the market) + F(number of permits not held)

if P: trade price for permits in the market, and F: tax or fee per permit worth

of emission

This can be negative if an agent’s profit in the permit market exceeds the fees

incurred.

aggregate emissions
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nX
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(ei) (4)

investment e�ciency

min.

Pn
i=1 IC(Ui)Pn

i=1 IC(Ui)
(5)

1

=	
  



Investment Cost Efficiency 
0

.2
.4

.6
.8

M
ax

im
um

/A
ct

ua
l U

pg
ra

de
 C

os
ts

1 2 3 4

Investment Cost Efficiency

Tax Transition Hybrid ETS

Tax	
  

“Hybrid”	
  

ETS	
  

57th	
  AARES	
  Conference,	
  Sydney	
  Australia,	
  5-­‐8	
  February	
  2013	
  	
   E.	
  Bernold	
  13	
  



Investment Cost Efficiency 
0

.2
.4

.6
.8

M
ax

im
um

/A
ct

ua
l U

pg
ra

de
 C

os
ts

1 2 3 4

Investment Cost Efficiency

Tax Transition Hybrid ETS

57th	
  AARES	
  Conference,	
  Sydney	
  Australia,	
  5-­‐8	
  February	
  2013	
  	
   E.	
  Bernold	
  14	
  



Abatement Cost Efficiency 
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ProducGon	
  income,	
  given	
  investment	
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Earnings Efficiency 

=	
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Earnings Efficiency 
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Conclusions 

§  Investment Costs 
§  Hybrid is the least efficient (not significant) 

§  Total Abatement Cost 
§  Hybrid is more efficient than ETS, less than tax** 

§  Earnings 
§  Hybrid is more efficient than ETS, less than tax** 
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Based	
  on	
  our	
  AssumpGons	
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Future Plans 

§  AddiGonal	
  ObservaGons	
  
§  AddiGonal	
  Treatments	
  

§  Introduce	
  policy	
  uncertainty	
  
§  Price	
  ceilings	
  and	
  price	
  floors	
  
§  SubopGmal	
  tax	
  rate	
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Thank	
  you!	
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Investment 
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Investment Costs 
By	
  Subject	
  Type	
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   Round	
  1	
   Round	
  2	
  	
   Round	
  3	
   Round	
  4	
  

Tax	
  

0.25	
   0.27	
   0.38	
   0.50	
  

0.34	
   0.67	
   0.57	
   0.52	
  

0.25	
   0.44	
   0.65	
   0.77	
  

ETS	
  

0.29	
   0.40	
   0.61	
   1.03	
  

0.28	
   0.40	
   0.42	
   0.35	
  

0.40	
   0.46	
   0.51	
   0.59	
  

Transi4onal	
  
Hybrid	
  

0.29	
   0.29	
   0.40	
   0.52	
  

0.25	
   0.32	
   0.37	
   0.32	
  

0.39	
   0.37	
   0.63	
   0.47	
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