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Background on EU Emissions Trading Scheme (1/2)

Cumulative surplus estimated at 2.7 billion t CO2 by 2013

Volume of unused allowances (in billion t CO2)
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High Renewable Emissions Scenario

—Current Policy Initiative Emissions Scenario
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Source: Neuhoff, Schopp, Boyd, Stelmakh, and Vasa (2012)
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Background on EU Emissions Trading Scheme (2/2)

Gap between surplus and CO2 hedging demand widens in 2012/2013
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Research question and approach

Question
Can hedging stabilise carbon markets?
1. How do EU power generators use their flexibility to adjust CO2
hedging volume?
2. How does CO2 hedging by power sector interact with CO2
banking by speculators and CO2 price dependent emissions
levels?

Approach

Analytic model of CO2 hedgers + model of market equilibrium with
CO2 hedgers, speculators and emitters

Interviews with 13 power generators on CO2 hedging strategies
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* Banking: Theory and empirical evidence show intertemporal efficiency
of banking in emissions trading schemes (Rubins 1996, Ellerman and
Montero 2007)

* Models of emissions trading between speculators and emitting firms:
Colla, Germain, and Van Steenberghe (2012) find that speculators tend
to stabilise prices as speculators increase the risk-bearing capacity of the
market

* Optimization of power generation portfolios: Kleindorder and Li 2011
identify optimal portfolios of physical and financial power generation
assets by maximising expected profits minus penalty term for value at
risk
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Model I: Flexibility of CO2 hedging volume (1/5)

2 period model

% Power hedged

A

Period 1

e;.  Power contracting
c;.  Coal contracting
g1.  Gas contracting
ifo,: Carbon intensity

py:  Forward contract price
x € {e,c,g, CO2}
E(p7):Expected price

Period 2
1

f
E —eq:
C—cq:
G —g4:
p3:

Remaining power
Remaining coal
Remaining gas

Forward contract price x
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Model I: Flexibility of CO2 hedging volume (2/5)

Firm’ s objective function:
Firm sells power on forward contracts in the years prior to production (period 1):

e
P1 * €

In parallel, firm buys forward contracts for coal, gas and CO2:
co2

i —pf * ¢ =y * g1 — % * (c1 * ifoz +01 * idp,)
Within the last year (period 2) firm contracts remaining power + fuels to match
projected generation:
E(p3) * (E —e) —E®$) * (C —c) —E(py) * (G — g1)
) —E(PZCOZ) * (C —¢1) *igoz _E(PZCOZ) * (G — g1) * igoz

Deviations of forward prices
from expectations

Volume and period for which power, fuels and CO, is contracted in advance is a
corporate risk management strategy decision

—a((y*C —c)?>+ (y*G — g1)%)

Hedging
schedule

. y: Hedging schedule  a: Internal transaction cost

(e0)
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Model I: Flexibility of CO2 hedging volume (3/5)

The power firm chooses the contract volumes of coal and gas to maximise:

max — a((y * C —c))? + (¥ * G — g1)?) — (c; + gD (E®S) — pD) + (C + &) E(p3)

€1.91
+ o1 (E@S) — p + i&os(E(p59%) — p{°%)) = € (E®S) + i€oz * E(p§°?))

+ 91 (Ed) = 1 + 10, (E(p5°2) = p£92) ) = 6 (E(pf) + iy, * E(p5°7))

Subject to constraints:

1. Firm does not hedge more than it can generate C—c=20,6—-9g,=20
2. No open positions in power sales e —(cg+g91) =0
3. Positive hedging volumes c1,91=0

CO2 hedging volume

c g lico2]” + [igoz]z o2 o2
H=yx(C*igoz+G*igy,)+ 2a (E(pz°%) = p1%)
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Model I: Parameterisation (4/5)

Aggregate hedging schedule y (yearly average in %):

¥ 010 0 0 0
2013 20 46 84 0
2014 0 20 46 84
2015 0 0 20 46
2016 0 0 0 20

Aggregate 20 66 \150/ 150

V4

Internal transaction cost a calibrated such that:
— Base case: price of 7.5 €/tCO2 in period 1 + expected price
exceeds forward contract price by Al €/tCO2
—10% CO2 hedging increase
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Model I: Quantification (5/5)

Flexibility in aggregate CO, hedging volume
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Model Il: Market equilibrium with CO2 hedgers, speculators and emitters (1/4)

3 actors in carbon market:

2 2
_ : g [ié02]"+[ico,]
Hedgers Qf =y (C*ifop + G *igy,) + 52 (E(p°?) — p1??)
Hedging schedule Deviations of CO2 forward prices
from expectations
Emitters Qpetdemand = g, + B x p{O?
/ \
Surplus Emission responsiveness

co2\_,,CO2
Speculators Q7 = max ((p <E(p2pc)02p1 — 6202>,0> =0
1

/ \
Speculative responsiveness Required rate of return
Equilibrium in period 1: Equilibrium in period 2;
111et demand __ Qllt _ Qi =0 121et demand + Qlll + Qi =0
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Model I1: Market equilibrium with CO2 hedgers, speculators and emitters (2/4)

Equilibrium in the case of no speculative demand

[i021 *‘[igoz]z I g
-0, *BE (6;16,) > —y* B(C *ifoy + G * lcoz)

E(p5°%) = N\ 2 2\ 2
Hiéoz]z + [idoo] ) (Ugoz]z + [idoo] )
B 2a - 2a

2 2
[iC ]2 + i‘g ) ) [iC ]2 + i‘g
co2 @V(C * igoz +G* igoz) <_92 i ﬁ@ 92) = 20-’[ COZ] - B(C * lgoz G lgOZ) = 20{[ COZ]
= +

T T Nk N\
[i&5,]% + [l‘g ] 2 2
B+ 2a € <<ﬁ + [l'goz]zz';[igmr) _ ([l’goz]zz";z[i&zr) ><ﬁ + [l'goz]zz";z[igoz]2>
et ) ) Cco2_.CO2
Equilibrium in the case of speculative demand (For ¢ — oo, then £ (pzpfézpl = 6507)
E(pgoz)* : 92)(1 + 6502)
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Model II: Quantification (3/4)

With increasing surplus the discrepancy between today's price and price
expectations widens
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Model Il: Quantification (4/4)

Reducing the surplus in EU ETS by 1.2 billion t CO2 shifts surplus into hedging

corridor
3.0 1
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n Conclusions

16

Surplus in EU ETS accumulated since 2008 and is estimated to grow
to 2.7 bn t CO2 by 2013

CO2 hedging model: captures hedging schedule and flexibility by
power sector to adjust CO2 contracting to price expectations. E.qg.
CO, hedging demand in the corridor of 1.1 to 1.6 billion t for
discount rates of 0 to 10%.

Market equilibrium model: helps to explain recent price
development

Surplus of allowances in the EU ETS would need to be reduced to a
level that matches the hedging demand of market participants, so as
to eliminate the need for large scale banking by speculative
Investors.
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Thank you for your attention.
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