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Abstract—In order to improve energy efficiency, several devel-
oped countries have implemented an innovative market mech-
anism: The tradable white certificates (TWC) scheme. This
instrument could unlock energy saving potentials and actors
that are not currently unlocked by other traditional instruments.
However, as well as all other instruments for energy efficiency
improvement, the TWC can stimulate the so-called ’rebound
effect”. This effect occurs when some or all the expected energy
reductions, as a result of energy efficiency improvements, may be
compensated by energy increase because of household behavioral
changes.

The focus of this paper is to evaluate the effectiveness of the TWC
instrument. The investigation of this issue requires an economic
model to compare the impact of introducing the TWC scheme
on energy savings as well as on the magnitude of the rebound
effect to business-as-usual situation.

The results shows that the tradable white certificates scheme can
have an additional advantage in terms of energy savings and
rebound effects reduction.

Index Terms—Energy efficiency, Tradable white certificates,
Energy savings, Rebound effect.

I. INTRODUCTION

In the last years, several developed countries such as UK,
France, Italy, Denmark, Netherlands, Belgium and Poland have
implemented a white certificate scheme as a new instrument
based on the market approach. Compared to command and
control policies (regulation, taxation, etc.), this system could
unlock energy saving potentials and actors that are not cur-
rently unlocked by other instruments [1]-[6].

As shown in figure.1, the system is based on the implemen-
tation of a market and requires some key elements to be
successful [7]:

e set a quantitative overall target in absolute terms or

relative to energy consumption.

o determine the obligated participants of the trading

scheme.

« establish regulation to translate the overall target into

individual targets for the obligated parties.
Under TWC policy, Government sets an overall energy-saving
target to be met by producers, suppliers or distributors of
electricity, gas and oil within a given period. To meet their
targets, obliged actors are required to undertake energy ef-
ficiency measures for the final user that are consistent with
a pre-defined percentage of their annual energy deliverance.
To reduce compliance costs, obligated parties have the option
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Fig. 1. The Tradable White Certificates scheme [9].

of trading certified energy saving. They can buy TWCs from
other parties who over-fulfill their targets with unused energy
efficiency surplus. Therefore, that it is more profitable to buy
certificates on the market rather than to pay a penalty to
the Government. Therefore, that it is more profitable to buy
certificates on the market rather than to pay a penalty to the
Government [8]. Individual targets imposed on obliged parties
can be expressed either in absolute terms or relative to their
energy sales. According to Reference[10], we recall briefly
some elements:

o The tradable white certificates TW C scheme is an inter-
esting policy instrument for saving energy.

o Compared to tradable white certificates with absolute tar-
get TWCy 4, the instrument expressed as a pourcentage
of energy sales TW 'y presents a further advantage in
terms of equity and acceptability, since energy suppliers
cover the certificate cost with increasing their sales price
to consumers.

o Taxes, standards and TW (g, have similar distributional
impacts on the economic agents, but the last instrument
is slighly superior in termes of energy savings.

The most critical issue is that energy policy instruments for
energy efficiency can generate a pervert effect called the
”Rebound Effect”. References [11]-[18] show that energy
reduction because of energy efficiency improvements is com-
pensated by energy increase because of behavioral changes.
Indeed, the eventual gains in energy efficiency will reduce
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energy service price and hence, energy consumption will rise
and partially offset the initial expected reductions in energy
consumption; this is the “rebound effect” or the “take-back
effect”.

The full rebound effect can be distinguished into three types
of rebound effect: direct, indirect, and economy-wide:

o Direct rebound effect: An increase in consumption of
a particular energy service lowers its the lower cost of
use, and hence increases its energy consumption. This is
caused by substitution effect and income effect.

« Indirect rebound effect: The lower effective price of the
energy service enables increased household consumption
of other goods and services that also require energy.

o Economy wide effect: The fall in service cost reduces the
price of other intermediate and final goods and leads to
faster economic growth which leads to increase the whole
energy demand.

Reference [19] enhanced the analysis of reference [10] to
highlight the importance of the rebound effect and more
generally of the impact of policy instruments on energy service
consumption. First, the authors supported their first funding
regarding the superiority of TW 9 to TWCy 4, since the
first form of the scheme reduces the distributive impact of
the policy, the rebound effect and the overall cost. Second,
they show that the size of the rebound effect relates to the
magnitude of the overall cost which depends on the elasticity
of substituting energy services demand. If this elasticity is
high, TW Cy, entails a higher overall cost and a large rebound
effect than an energy tax, but less than a subsidy on energy-
saving goods. However, if it is close to zero, there is a small
rebound effect and every instrument entails the same overall
cost.

Similar to reference [19] and referring to our previous theo-
retical account on the direct and indirect effect on household
consumption (see reference [20]),we showed that size of the
rebound effects strongly depends on the elasticity of substitut-
ing energy services.

In this paper, we use the methodology described in reference
[20], since we consider behaviors and equilibrium results
already found are similar to those of the BAU scenario. Next,
we compare the impact of introducing the TW Cy, scheme on
energy savings as well as on the magnitude of the rebound
effects to a BAU situation. Moreover, we show that the
ability of TW Cg to reduce direct and indirect rebound effects
depends on the magnitude of the variation in energy service
prices.

In Section II, the short run rebound effects model provided by
Reference [20] is strengthened by the introduction of TW Cy,
to obtain the model under white certificates. In Section III, we
compare between the BAU and the T'W Cy, models in terms of
energy savings and direct and indirect rebound effects. Finally,
Section IV concludes the paper.

II. THE MODEL UNDER WHITE CERTIFICATES
A. Consumer’s behavior

Similar to Reference [20], the consumer is considered as a
producer of two types of energy services, G and (). Both have
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respectively P and Pg prices. Under his budget constraint,
the consumer maximizes the CES utility function U (G, Q).
The energy service G (resp () is produced by the consumer,
through combining equipment g (resp ¢) and energy F, (resp
E,) in a Cobb-Douglas production function.

Then, we consider that consumer purchases energy FE,
appliance g and appliance ¢ at the respective prices Pg, Py
and P,;. The goods cannot be consumed infinitely due to the

consumer’s limited revenueR.

Resolution of the household maximization program in
business-as- usual situation leads to the following energy and
goods demands':

(R afA
5= (7) (:%5) W

a-(a) (@) o
(

B (1-a)pA
—( ) (5 ®
(R Be
o= (7) (555) @
Where A is expressed as:
. s P\ BT
= [ ab ]”P (%%) )
S B(1-6 —a P\
O 8)
The total energy demand is:
B R [aB(A+1)
Ed(Eg+Eq)d]3E<a+BA > (6)

Based on previous demand functions, the two energy services
can be calculated as:

RafA

() @) () (%) e
- (T (@) () (5) o

The introduction of the tradable white certificate system do

not affect consumer’s behavior, hence the demand functions
do not changed (equations 1 to 8)

B. Energy supplier’s behavior

We assume that a white certificate system with targets
expressed as a percentage of energy is to be implemented.
Then, energy suppliers have to save a given quantity of energy,
in quantity A E proportional to their sales E. If they miss their
target, they buy white certificates from energy efficiency goods
firm that has complied with this obligation. We assume that
the firm gets one certificate for each unit of energy-saving
goods produced. A new equation is introduced since an energy

A very detailed and comprehensive survey has been conducted by Refer-
ence [20]
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efficiency constraint is imposed by public authorities on energy
suppliers. For given r, w, Pg and Pryy ¢, the suppliers profit-
maximization behavior is the following:

nax 1l = Pgb K}, Ly —rKg —wLg — PrwchE
E,LE

)
Energy production function is defined as follows:
E=b0K}Ly" (10)
First-order conditions are the following:
(Pg — Prwch)oyK), 'Ly Y =7 (11)
(PE - PTwch)b(l - V)K%LE‘W =w (12)
Kp = (7) (%) e (13)
1—7 r
or:
1—
Lp— (7) (1) Kp (14)
y w
Now substitute K from equation (13) into (10) and (11) to
obtain:
Y /1—~\ "
E=b (1) (7) Ly (15)
r w

1/r\” w 77
wermen =3 (5) (75) oo

Also, substitute Lz from equation (14) into (10) to obtain the

following:
1 1— 1—v
E=b (1)” <7> Kp (17)
r w

Then, based on (15) and (16) we get:

w
(Pe — Prwch)E = 1 Lg (18)
and based on (17) and (16) we get:
T
(P — Prwch)E = ;KE (19)

C. Appliance g producer’s behavior

Profit maximization is modified as below

maLx) Iy = Pye K] Ly — (rKg+wLy) + Prwcyg (20)

Based on the first-order conditions we get
1 /r\" w 7"
P,+ P =—|- — 21
(B + Prwo) 0<n) (1n) @y
(Py+ Prwe)g = ——Lg (22)

r
(Py + Prwe)g = EKg (23)
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D. Appliance q producer’s behavior

Compared to the BAU model, the suppliers’ program and
the supply function are not affected:

max [, = Pja K} Ly™" — (rK, + wLg) (24)

(Kq,Lq)
1 /r\" w 1=n
P=-(1) (- 25
! a(ﬂ) (1u) )

1 w

Pqg=-—L 26
qq al—p q (26)
1

III. COMPARISON OF ENERGY SAVING AND REBOUND
EFFECTS IN BUSINESS-AS-USUAL AND UNDER WHITE

CERTIFICATES
A. Energy saving
(Appendix C1)
ABAU _ [ ‘| 28)
ATWC (PEH’TWC}L) -5 T
N P )
(PE+PTWC}7,)
Pg—Prwc
1
|:ABAU } = _ (PE+PTWCh)ﬂ_a ( Py )1—a
ATwWC - P Py—Prwc
}P;QTWC
QBAU
= 220 29
Perwea (29
Pepau

Regime A: if g > o,

then (%EWC’I)B*Q >1 and >1

( Py )lfa
Pg—Prwc =

We have
PQTWC > PGTWC (30)

PQBAU PGBAU

This is equivalent to

Lorwe _  Forwe 4 31)
PQBAU PGBAU
Hence,
APQ > APqg (32)
and
ABAU 5 JTWC (33)

—a

Regime B:if 3 < o and (m)

< (Fetppwen)’Tt <
then 1< (22255) () < ()

Pg—Prwc Pg—Prwc
so, we have
APy > AP (34)
and
ABAU 2 ATWC (35)
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Regime C:if g < o and 0 < (Fetirwet )’1
1—

then: 0 < (“atfpuet) ' ()T

i

o < (Pq—PTWC) e
<1

so, we have

APy < AP (36)
and

ABAU <ATWC (37)
Under regimes A and B : We have APy > APg and
ABAU > ATWC ‘then we obtain the following(Appendix C2):

(Vi) PAY > (v

TWC
g - g)

(38)
Under the BAU model and the white certificates scheme, an
improvement in energy efficiency of the appliance g leads to
reducing energy consumption E. In addition, energy savings
obtained with white certificates are more important.

For example,

€g )BAU

(v ~0.17 > (v )TWC =

—0.30

An improvement in energy efficiency should lead to 17%
reduction in energy consumption under the BAU model and
30% under white certificates, though this instrument generates
more energy saving.

Under regime
ABAU < ATWC

C We have APy < APg and
, then we obtain the following:

)BAU €g )TWC

Eqy

(VE < (v (39)

In this case, energy savings generated with white certificates
are less than BAU. Therefore, this instrument has no positive
effect.

B. The direct rebound effect

1) Business-as-usual: The direct rebound effect is mea-
sured as efficiency elasticity of the demand for an energy
service G as follows :

- (15

Also, we have the following:

ABAUﬂp
Saan)

g

2) Under white certificates: The direct rebound effect is

given by:

e () (-

Also, we have the following:

ATWCB[J
Sraame) @

(ves)TWE = (yggg)TWC 11

(43)
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3) Comparison : Under regimes A and B :(Appendix C3)
we have the following

(Vgg)BAU > (Vgg)TWC (44)
and
(i )PV < (vp)™C (45)

In each case (BAU and TWC), an improvement in energy
efficiency of appliance ¢ has an impact on increasing energy
service consumption G. The direct rebound effect is generated
because some or all of the expected reductions in energy
consumption E;, as a result energy-efficiency improvements
are offset by an increasing demand for energy services G.
Energy efficiency improvements reduce the cost of energy
service G and leads to an amount of money being saved
(Dg ). Then, consumers have an additional income which
they may choose to spend on the same energy service G.
This behavior may increase energy consumption K.

A basic finding is that under the white certificate system,
the cost of energy service D¢ decreases less than under the
BAU. This means that a consumer has less to spend on the
energy service GG. Therefore, the white certificate instrument
has an impact on reducing the rebound effect.

Under regime C :
obtain the following:

we have APy > APg, then we

(v )P < (v (46)
and
7 N (7 (47)

Since consumers may pay more to increase energy service G,
the rebound effect increases under white certificates.

C. The indirect rebound effect

1) Business-as-usual: In this case, the indirect rebound
effect is measured by efficiency elasticity of the demand for
energy service @

ey p ﬁABAU .
(vg )47 = (1+p> (MBABAU) (V)P4 (48)

2) Under white certificates: The indirect rebound effect is
given by:

e p BATWC e
by = (1 + p) (a + BATWC> e
(49)

3) Comparison : Under regimes A and B :(Appendix C4)
we have the following

)TWC

(Vég)BAU > (Vgg)TWC (50)
and
(W) > (g )™ (51)

In each case (BAU and TWC), an improvement in energy
efficiency of appliance g generates an indirect rebound effect
resulting from increasing income spent on energy service
consumption Q).
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Under white certificates, the consumer has to spend less
to increase energy service (). As consequence, the indirect
rebound effect decreases more.

Under regime C :

The white certificate instrument has an impact on increasing
the indirect rebound effect as a result of an increase in the
income to spend on energy service ().

D. Discussion of the results

TABLE I
IMPACTS OF ENERGY EFFICIENCY IMPROVEMENTS AND A COMPARISON
BETWEEN BAU AND TWC RESULTS

Impacts of energy Comparison
efficiency
improvements
APg < APg BAU TWC
(—) decrease in energy de-
E — - = mands so (+) increase in en-
ergy savings
(4) increase in energy-saving
g + ++ good demands
P (+4) increase in price of en-
G - - — . .
ergy service price G
o _ (4) increase in cost of energy
Da service G
(—) decrease in demands of
G =+ * energy service G
(—) decrease in cost of energy
Daq ++ + service Q
(—) decrease in demands of
Q@ ++ + energy service Q
) (—) decrease in direct re-
REgireet ++ + bound effect
o (—) decrease in indirect re-
REinairecet =+ + bound effect
(—) decrease in total rebound
RETotal ++ + offect

In Table I, we find that the tradable white certificates scheme
presents additional advantage in terms of reducing energy
consumption when variation in energy service price () exceeds
the variation in energy service price G (i.e APy > APg).
In this case, energy efficiency improvement of appliance g
generates more energy savings under the white certificate
scheme than the BAU scheme. Energy saving is possible
through: a decrease in the price of g and an increase in the
price of E:

o Energy price increases as a result of energy supplier
reaction. The agent covers the costs of the applied policy
(TWC) through increasing energy price. This has an
impact on reducing household energy demand.

o The price of energy-saving good goes down under white
certificates since they are subsidized. This drop leads
to an increase in efficient appliance demand, and hence
reduces energy consumption.

The white certificates instrument allows for generating other
benefits like its ability to reduce both direct and indirect
rebound effects in regimes A and B. This may be explained
by two factors:

« Note that energy service cost D¢ should decrease follow-
ing energy efficiency improvement. A drop in D is less
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under TWC' than under BAU. This would further reduce
money saving for consumers to spend on energy service
G. This latter may increase demand for energy service G.
This has an impact on restricting direct rebound effects.

o Note that energy service cost D¢ should increase fol-
lowing energy efficiency improvement. A rise in Dg is
less under TW (' than under BAU. Consumers have to
spend less in ) which has an impact on reducing indirect
rebound effect.

IV. CONCLUSION

In this paper, we have compared the white certificates
scheme as an innovative policy instrument for energy effi-
ciency improvement to the BAU scheme. The tradable white
certificates scheme can have an additional advantage in terms
of energy savings and rebound effects reduction.

A basic finding is that under certain conditions, the white
certificate system may be interesting to generate more energy
savings because of an increase in energy price when suppliers
take into account costs of certificates in their decisions, al-
though under this instrument reduction of energy consumption
and rebound effects depends on the magnitude of the variation
in energy service prices.

Indeed, following energy efficiency improvements through
energy-saving goods, energy service price decreases. If such
a decrease is less under TWC than under BAU, an increase
in the energy service demand for energy-saving goods is also
less. This leads to reduce direct rebound effects.
Furthermore, energy efficiency improvement, introduced
through the use of energy-saving goods, leads to an increase in
the expenditure on other energy services. If such an increase
is less under TWC than under BAU, an increase in the energy
service demand for other energy goods is also less. This leads
to reduce indirect rebound effects.

APPENDIX C
Appendix CI

Recall the following energy service prices:

P\ & Py T—a
Popaw = ()" ()

Popav = (PTE)B (%)17

Porweo=
(PE+PTWCh,)B ( Py
B

P _(PE+*Prwch\® (Pg—Prwc 1=«
Grwc ] T—a Ll

)1—[3

P,
Grwc _(PetPrwch\® (Pg—Prwc )1~
N Pg Pg

Pepau e

Popau

PQrwe _ (PE +PTWC‘">ﬁ

Then, the following relationship is derived:

7PQTWC (PE"FPTWCh)B
PQBAU Pg
Pa B & /p_p -«
_brwc (PE+PTWCh) ( 9 TWC)
PGBAU Fe Po
_ <PE + PTWch>5‘“ ( P, )1‘“
Pg P, — Prwc
ABAU HTp
e &
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Appendix C2
Under regimes A and B, we have

ABAU > ATWC

— a+ BAPAY > o+ BATWC

« «

e <
a+ BABAU = o 4 BATWC
= p a < p a
1+ pa+ BABAU 1+ pa+ ATWC
= )P > ()" (53)

g 9

Appendix C3
Under regimes A and B, we have the following:

(v52)PAY > (g )TV

Or, using the following relationships:

(Vegq)BAU _ (l/gg)BAU -1

(Vzgg)Twc = (V)W 1

We obtain:
(Vgg)BAU 1> (l/gg)TWC 1

This leads to:
(VZ;")BAU > (Vgg)TWC

Appendix C4

Recall that we have these elasticities:

(Veg)BAU:( P >( BAPAY )
¢ 1+p) \a+ pABAU

(veg)TWE = ( P ) ( pATWE >
G 1+p o+ BATWC

Then, (Vég)BAU _ (Vgg)TWC —

p ﬂABAU(a 4 5ATWC) _ ﬂATWC(Oz + ﬂABAU)
L+p [ (o + FABAY)(a + fATVE) ]

_ ) Ozﬁ(ABAU _ ATWC)
S 14y [(a + BABAY)(a + BATWC)}

Under regimes A and B, we have the following
ABAU > ATWC"

Hence,
(VZ;")BAU > (Vgg)TWC
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