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Abstract

A new microeconomic model is presented that aings dgscription of the long-
term unit sales and price evolution of homogenenos-durable goods in
polypoly markets. It merges the product lifecygp@ach for the description of
the unit sales evolution with a previously estdt# model on the dynamics of
the price dispersion of homogeneous goods. The Impalicts a critical
lifetime of non-durables to survive. Under the atind that the supply side of
the market evolves much faster than the demandtisedtheory further suggests
that unsatisfied demands are present in the fitages of the lifecycle.
Associated with the growth of production capacitieese demands disappear
accompanied with a characteristic decrease of teannprice of the good in
time. Analytic relations are given for the evolutiof the unit sales and mean
price, while both can be described by logistic laWse model is compared with
electricity as a non-durable satisfying the modaweidstion. The presented model
allows a deeper understanding of the evolutiorhefunit sales and mean price
of non-durables.

Keywords. non-durables, homogeneous goods, product lifecyet®nomic
growth, price dispersion, electricity market



1. Introduction

A microeconomic model is presented that aims aszgption of the unit
sales and price evolution of homogeneous non-dergaods in polypoly
markets. The unit sales evolution is also callexlghoduct lifecycle of a good
(Saaksvuori and Immonen 2008). The idea of a protiiecycle implies that
non-durables are analogous to the life of organisoigect to characteristic
stages in their sales evolution. The lifecycle ofalble goods was studied
intensively and a number of models turned out tosbkable to predict the
evolution of durable markets (Mahajan et al. 20R06gers 2003). In similarity
to durables the life cycle of non-durables cantmracterized by four stages, the
introduction, growth, maturity and decline phasdit@le and Gupta 2010).
While in the introduction period a non-durable estthe market, the market
penetration is related to the growth phase. Thosgss saturates in the maturity
phase. In the decline phase a current versioneohdim-durable is replaced by an
innovation. The product lifecycle concept is appll@th, as a forecasting tool
and a guideline for a corporate marketing strafgétpllensen 2010, Chitale and
Gupta 2010). In difference to durables the prodifetycle of non-durables is
essentially determined by the evolution of the nembf adopters (market
diffusion) and the repurchase demand per adopépuchase rate). While the
price is a key factor in classic microeconomic ned&arian 2006, Cantner
2010), including the price to the lifecycle dynamitirned out to be difficult.
The main approach is to treat the price as a getion variable in the diffusion
process (Chandrasekaran and Tellis 2007).

The presented model, however, applies the lifecgohcept for the sales
evolution and takes advantage from a previoushliglied paper on the price
dispersion of homogeneous goods (Kaldasch 2014dasah 2015). The
presented model suggests that the price dispecsionbe approximated for a
short time period by a Laplace distribution whike tmean price is governed by
a Walrus equation. That means, the mean price ¢lomogeneous good
increases if there is an excess growth of demandeguired) units and
decreases for the case of an excess growth of isdpphits (Zhang 1991).
Based on these ideas a dynamic approach to theugirdifecycle of non-
durables is established here, where the mean igrzelirect consequence of the
supply and demand dynamics of the market. The maaelicts that in the first
stages of the lifecycle the market suffers from-gaiisfied demands. The
growth of the production capacities in time incesaghe number of available
units and leads as a consequence to a decredse mkean price. The presented
model gives analytic relations for the evolutiontleé unit sales and the mean
price which can be tested with empirical data.

The comparison of the presented model with empirgsults is confined
here to electricity as a homogeneous good. In reiffee to other non-durable
commodities electricity can hardly be stored. Tfaee the electricity market is
based on day-ahead auctions while market clearinth® total amount of
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demanded and supplied units defines the spot (Bigen 2004; Sioshansi 2013;
Biggar and Hesamzadeh 2014). The presented thelbwmwsaa dynamic
interpretation of the long term evolution of anatieity market.

The paper starts with the presentation of the dymamodel and
establishes the key relations for the lifecycleaohon-durable. The model is
confined to the case that the evolution of supplietds is much faster than the
number of demanded units. For this situation theratteristic evolution of the
mean price is shown to be roughly a logistic declikinally the model is
compared with empirical results of an electricitgrket, while the last chapter
discusses some conclusions.

2. TheModd
2.1. The Market Dynamics of a Homogeneous Good

The dynamic microeconomic model presented herstabkshed for the
case of homogeneous non-durable goods in polypaskets. The model is
based on two major presumptions:

I.) While potential buyers generate demandedir@@sunits the supply
side (suppliers) of the non-durable market offeppdied (available) product
units. The purchase process of the good can bgidsred as the meeting of
demanded and supplied product units. Defining dtal number of demanded
units at time step by X(t)and the total number of supplied (available) ubits

Z(t), purchase events must disappear if one of thesdens vanishes. Hence,
the total unit saleg/(t) can be written up to the first order as a proddidiath
variables (Kaldasch 2011):

y(t) Caz(t)X(1)
(1)

with the unknown rat@. This rate characterizes the mean frequency bglwhi
the meeting of demanded and supplied product umpdserates successful
purchase events. The rajeis therefore termed meeting rate. Sinftg, z(t),
y(t)>0, we demand that algc0.

ii.) Both X(t)and Z(t)are governed by conservation relations. They have
the fornt:

ax(t) =~ e
T d(t)-y(t)

(2)

L In order to establish a continuous model the istegriables are scaled by a large constant nusimr that
they can be treated as small real numbers. We dithanthis scaling leads o(t), Z(t) <1.



and

M) _ . -
T s(t)-y(t)

3)

Eq.(2) suggests that the total number of demandéd increases with the total
demand rat&(t) and decreases by the purchase of product unitsthat total
unit sales ratey(t). The relation Eq.(3) states that the total nunddesupplied
units increases by the supply of units with thealtasupply rat&(t)and
decreases with the total unit sales rafe) . These numbers can be obtained from
a sum over the total number of supplisi($):

20=%20: SO=2s0  JO=%v0
)

In order to specify the time evolution of demanded supplied product
units the following processes are taken into actoun

I) The evolution of the total supply ra&t) is governed by the growth of
the production capacities of suppliers. We wantcha@racterize this growth
procezss with variablg(t) defined by the relation between supply flow and un
sales:

t :@_1
ATy
(5)

The growth of the number of supplied units is etsalty determined by the
mean magnitude of the variabj¢t). It expresses implicitly the amount of
investments in new production capacities.

[I) The main feature of non-durables (e.g. fooddhiat they have a finite
mean lifetimez. It is the maximum time product units of the gocah be
offered. Not purchased units disappear after thisatibn. EQ.(3) can be
rewritten with Eq.(5) as:

d T
( )

2 This variable is also called reproduction paramei@ce it characterizes the growth process obtitput in the
reproduction process.
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where the first term determines the output evotutand the last term the
disappearance of the current number of units witamiifetimer.

[II) Further taken into account is that the numbérdemanded product
units X(t)may decrease not merely by purchase events, bathglsa time

dependent change of the demand of potential buy¢esassume that demanded
units of a non-durable do not exist forever wheeythre generated, but have
also a finite mean lifetime.® In other words, demanded units disappear on

average afte® when they are not related purchase events. hetmg d (t) as
an effective total demand rate this effect camistuded by writing:

Ty = q (4 - X0
d(t)=d,(t) ==
(7)

The first term d~0(t) expresses the general evolution of the demand Téae
second term describes the decrease of the numizkmedinded unitx(t) with
the rate 1®. For later we introduce the maximum number of deshea units by:

%, (t) = Od, (1)
8)

It characterlzes the stationary number of demanalgits generated by the
demand ratd, (t)if no purchase events occlr.
IV) The evolution of the demand raﬁ%(t) is known as the product

lifecycle of a good, governed by first- and repasd of the non-durable. First
purchase is related to the spreading of the gotmdtie market called diffusion.
The diffusion process can be described by the mar&eetratiom(t) defined
by:

N.

A

n(t) =
9)

whereNx(t) is the cumulative number of adopters angthe market potential,
i.e. the number of all possible adopters of a godHe evolution of the number
of adopters can be written as a conservation oslaif the form:

% In other words, potential consumers generate aaddnBut if this demand is not satisfied withinawerage
time period® it disappears of its own volition. This effect daexpected in particular for non-durables.

*The variableX (t) can be obtained from the stationary solution o{Bausing Eq.(7) and setting(t) =0.
® The evolution oM, is neglected here.



? = (t)n'(t) - B(t)n(t)
(10)

The first term indicates the generation of new &elsp It is proportional to the
generation rate of adoptepét) and the number of potential adoptéft) not yet
adopted the good. This number is determined byemdifice between the
maximum of adoptermsox and the actual numba(t):

n'(ty=n_, —n(t)
(11)

The second term in Eq.(10) indicates the declindnefnumber of adoptergt)
with a decline raté(t). In the introduction, growth and maturity phaseéh# life
cycle the decline process can be neglect such afupt0. However, in the
decline phase we demand t@é)+0.

Expanding the generation raié) as a function of the number of adopters
we obtain up to the first order:

dp(t)CA+Bn(t) +...
(12)

with constant coefficient&,B>0. Inserting this relation into Eq.(10) yields for
0(t)=0 a standard approach to describe the diffusion peEseof goods known
as the Bass model (Bass 1969). It has of the form:

? = AN, = n(1)) + Bn(t)(n,,, ~n(t))

(13)

The first term is interpreted as a spontaneoushase by potential adopters,
where A is the so-called innovation rate. The second tesndue to social

learning, wheran(t) increases with an imitation raB Formally Eq.(13) can be
used to distinguish between characteristic stag#sedifecycle by the dominant
process generating adopters. In the introductiaselihe first term dominates
over the second. That means in this phase spontar@marchase governs the
diffusion process. However, the introduction phaseften dominated by a
single supplier (monopoly). It is therefore notthe focus of this model. When
the second term in Eq.(13) dominates over the firatgood is in the growth

phase of the lifecycle. The main adopter genergirocess is social learning. In
the maturity phase the number of adopters apprgathemaximum number

N(tNmax



The market penetration suggested by the Bass iffusiodel has the
form:

1_ e—(A+B)t

—— N
1+ E e—(A+B)t e

n(t) =

(14)

While first purchase plays a crucial role for duealgoods, for non-
durables the impact of first purchase events onutiiesales can be neglected
compared to repurchase. Repurchase events areyvéweoportional to the
current number of adoptengt). The total repurchase sales of a non-durable can
therefore be modelled as the product mft) and a time dependent repurchase
rate &(t) characterizing the average number of repurchaséd per unit time
and adopter. The total unit sales are thereforergby:

y(t) =&(t)n(t)
(15)

The repurchase rate can be written as the sumtiofieaindependent constant
and a time dependent contribution:

$(1)=4,+<.(1)
(16)

The constant; indicates a minimum time average number of urgtsgurchase
event. The time dependent repurchase &g takes the growth of the
repurchase rate with the economic development adumtry into account. In
order to keep the model simple we assume thatetperchase raté&(t) cannot
grow up to infinity and demand th&(t) approaches a maximum magnituae
Such a constraint growth can be described in & dirder approximation by a
logistic law with a differential equation of therfo:

dé, (t) _ AV
T‘affr“{l b J

(17) {

wherea; andb;: are free parameters. The repurchase g#eis then subject to
a logistic growth that can be described by:



b
t :—{
s

(18)

with the unknown consta@;.

2.2. The Sales Evolution of a Homogeneous Good

The total numbers of demand uni$t) and supplied unit&(t)fluctuate
considerable in time. If time-dependent variatiohghese variables are of the
same order the sales evolution can hardly be pextlidn order to keep the
model simple the theory is confined here to markiesiinated by the supply
side dynamics in the considered time interfalin other words we confine here
to free markets where the number of demanded awgb/es much slower than
the number of supplied units:

(1) __ (1)
dt dt
(19)

If the total number of demanded units evolves sigfitly slowly in
comparison with the number of supplied units we @gproximately writé:

dx(t)/dt CO
(20)

and obtain from Eq.(2) for the total unit sales:

y(t) 0d, (1) —éi(t)
(21)

where we used Eq.(7). That means, the purchasesratpal to the generation
rate of demanded units diminished by the rafe)/® indicating unsatisfied

demands. Applying Eq.(1) and Eq.(8) we get forttital number of demanded
units:

e K)o
X(t) = m 0%, (t) = 07X, (t)Z(t)

(22)

® It is the so-called adiabatic approximation.



where we used in the approximation tizgt) <1. Applying this result in Eq.(1),
the relation Eq.(6) turns into:

% =az(t)-ena'z(t)’

(23)

with the time averaged parameters:

1 t+At _ 1

I:_ tl tl dtl; — l__

At !W( )% (1) a=a—
(24)

Note that for a sufficiently long lifetime of thegd we can approximateo’.
Since EQ.(23) is a logistic differential equatidre tevolution of the number of
supplied units can be given by:

~

sty = b
Z(t)=—2—
® 1+Ce”

(25)
whereC, is a constant and the maximum number of supplnets is:

= a

= o
(26)

The sales evolution of a non-durable market dependfie magnitude of
a. Foro<0, there is on time average a supply shortage of mtaghits. In this
case the number of available units disappearsne %i(t) >0. EQ.(24) suggests

that this may happen if the lifetimeof the good is very short, since then there is
not sufficient time for potential buyers to purchasvailable units during the
time they are offered. The critical lifetimg can be estimated from EQ.(24) by
settinga=0. It leads tor>1/(yxo). Thus, a non-durable good must have a high
mean reproduction parametefoutput compared to unit sales), a high meeting
raten and a sufficient number of potential consumegris order to survive.
Fora>0, there is on average an excess supply and theerurhlavailable

units increases in time unZi{t)=z . The total unit sales Eq.(1) evolve with

Eq.(22) and Eq.(25) as:
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a_d®)  d
a'l+Ce” 1+Ce"”

y(t) =
(27)

The increase of the production capacitiesofed decreases the amount of
unsatisfied demanded units. As a consequence thleutat salesy(t) increase

in time until Z(t)=Z . In this final state all units demanded per umitdilead to
purchase events and the sales evolution is conplidéermined by the demand
rateao(t ). Inserting EqQ.(26) in EqQ.(22) suggests that thenlmer of demanded
units is proportional to the generated numi{ey=X,(t)1+a/a')= X (t)/2.
And since Zis a constant, we can further conclude from Eq.(6) ahd t

conditiondZ,/dt=0 that X,(t) = (77)(t)) ™ in this saturated state.

The model suggests that the demand for a good @hrhigher in the
initial phases of the lifecycle of the good thaalized. But the only empirically
observable variable 1qt). The demand ratéo(t)is hidden and not directly
available. However, as will become clear in thetrehapter, in particular the
number of available unitg(t) plays a crucial role in the determination of the

mean price of the good.

2.2. ThePrice Evolution of a Homogeneous Good

We want to study the price evolution related to $hées dynamics of a
homogeneous non-durable in a polypoly market asbkshed in the previous
chapter. For this purpose presumption i) is germmmdl We assume that the
number of purchase events in a given price intgnaahdp+dp must disappear
if either the number of demanded units at this g#xift,p) or the number of
supplied unitg(t,p)vanishes. Hence the unit sales at a given pfige) can be
approximated in similarity to Eq.(1) as:

y(t, p) Lr7z(t, p)x(t, p)
(28)

where the meeting raigis treated as price independent. The price digpers

determined by the relative abundance of purchasatsvin a price interval
given by:

1
P ) == < ’
(t. p) =0 y(t, p)

(29)
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The mean price of a homogeneous good is defined by:

u(t) = [ P(t, p)pdp
(30)

As shown in a previous work and known from empirinaestigations the
price dispersion of homogeneous goods can be ajppaited for short time
horizons by a Laplace distribution (Kaldasch 2015):

1 eA
P(p) Dz—ae
(31)

where the standard deviatieris a function of the mean pricze=x/§(,u—,um).

The mean pricg=>0 indicates a minimum price below which the productof
the good is not profitablelt is further shown that the mean price evolutiam
be described by a Walrus equation relation of tmef(Kaldasch 2015):

H(t) - dt dt dt

(32)
while:

1

H(t) O 20

(33)

Applying Eq.(2) and Eq.(3) this relation statesttha excess total demand rate
d(t) increases and an excess total supply &t decreases the mean price in
time (Zhang 1991).

Eq.(32) can be used to determine the evolutiothefmean price of a
non-durable homogeneous good. For this purpose ake &advantage from
Eq.(20) and obtain for the mean price evolution:

" The minimum mean pricgn, is considered to be the lowest price that can fieredl with the applied
production technology. The applied technology isuased to evolve on the very slowly such thatcan be
treated as constant.
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1 du(t) [, E)

u()—p dt dt
(34)

while X(t) is approximated by a constaxit Applying Eq.(23) we further get:

% O-Ha(t)Z(t)(ut) - 4,)
(35)

while higher order terms id(t) are neglected.

The evolution of the mean price depends on the igi(t). If «(t)<0, the
supply shortage generates an exponential incregeegprice until Z(t) =0
(inflation). Fora(t)>0, however, the mean price declines as a resufteoéxcess
supply (deflation). It approaches a stationaryestgiven by eithew=u,, or
Z =Z,. In the first case Eq.(35) reduces #(t) < Z to:

dut) _
dt
(36)

—a(t)(u(t) - 1,)

with a mean price decline ratt) C HZ(t)a(t). The mean price evolution has
then the form:

—ja(t)dt

() Upe
(37)

+’L[m

where u(0)=uo+un The main trend of the mean price is in this case
exponential decline towards the stationary mininprioe 1, However, because
the standard deviation of the price dispersionphsars ai, this case ends up
with a monopoly market. Since we focus on polypolgrkets here, this case is
not further considered.

For u(t)>um EQ.(34) can be rewritten as:

S CIOBNTETY e
V-, BRI EO
(38)

and we obtain:
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H(t) = e + O g, (L= HZ (1)) + p,
(39)

while we used in the approximation thaft) has a small magnitude. The mean
price declines therefore as a function Z(t) given by Eq.(25) governed by a
logistic law. ForZ(t) — Zthe mean price approaches a floor ppige:, given

by:

Hi = Uy eXpEHZ) +
(40)

The increase of the supply capacities is theredoeztly related to the evolution
of u(t). Whenz(t) - Z,, the mean price decreases towards the floor pgice

expressing a stationary market without unsatisfiesnands. Note that the
previous work by Kaldasch (2015) on the price disism of homogeneous
goods suggests that a symmetric price dispersigliemz~X . When the

market is aji the mean lifetime of demanded units can theredpgroximately
be obtained from:

1
d,

o

(41)
where we used Eq.(8) and Eq.(26).
3. Comparison with the Empirical Results

The presented theory suggests the following charatits of the evolution
of a polypoly market of homogeneous non-durablegrnwbutput capacities
growth sufficiently fast:

1. The price dispersioR(p) of homogenous non-durables are given for short
time periods by EQ.(31) and the mean prig¢) decreases in time
governed by a logistic law given by Eq.(39).

2. The evolution of the total unit salégt)of the good can be described by
Eq.(27). It is determined on the one hand by tloelpet lifecycle of the
good given by Eq.(15). On the other hand the lichgapply by producers
in the first stages of the lifecycle generates tissad demands
decreasing possible sales. With the increase obtityeut capacities this
effect vanishes. This effect is contained in tHeegevolution.

For a comparison of these statements with empidetd we want to take
advantage from investigations on electricity as am-durable homogeneous

13
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good. The electricity market is a polypoly day-ahemarket of power
generating companies on the supply side, utildied large industrial consumers
on the demand sideDetails of this market are discussed for exampl&éman
2005 not further outlined here.

The first assertion suggests that the price dispersf a homogenous good
can be approximated by a Laplace distribution Famrstime periods by Eq.(31).
As an example the central part of a filtered pulcgpersion of the Nordpool
electricity market investigated by Sapio 2004 isveh in Fig.1 and fitted with
Eq.(31). The good coincidence indicates the appilitaof the presented model
to electricity markets.

The model further suggests that the long termwai of the mean price
for a fast growing output can be described by B.(B1 order to compare this
statement with empirical investigations, we takgaadage from historical data
of the US non-industrial electricity price of thast century investigated by
Ayres and Warr 2005. They are displayed in Fig.@ taken as a measure of the
mean priceu(t) indicated by the dots in this graph. Note thathi& introduction
phase the electricity market was separated inferéifit grids of single suppliers
(monopolies). The electricity act of 1926 led te tetting up of the national
electricity grid. In order to satisfy the model diarons the fit of Eq.(39) with
empirical price data is therefore confined to ithetperiod after 1926.

The theory suggests that if suppliers expand ttegnacities even faster
than the rise of demanded units the freely avalavhount of units increases
with time. This expansion process is related todberease of the mean price as
can be found in the empirical price evolution. Tief the logistic mean price
decline with Eq.(39) suggests a time evolutiorzt) (Eq.(25)) as displayed in

the insert of Fig.2 with saturation & =1. The mean price converges to a

constant floor price, while Eq.(39) yields=6 Cent/kWH Unfortunately the
available data do not allow the specification @& liietime ® by the application
of Eq.(41).

Also displayed in Fig.2 is the evolution of thealounit sale§(t). The
empirical data of the electricity lifecycle are givin terms of an index which
characterizes the electricity unit sales in refatio the1902 magnitude (Ayres
and Warr 2005). The second assertion suggestthianit sales are determined
by the repurchase of the non-durable. Repurchasetiss model proportional
to the market penetratior(t) displayed in Fig.3. The empirical diffusion proses
of electricity follows the expected S-curve (sdiite). The fit of the data with
Eq.(14) of the Bass model (dashed line) ignoresugsations of the diffusion
process from the expected mean growth in the rgatimenties and the
following depression (since we s@t0 in this model) . Based on this market
penetration and the functiar(t) from the evolution of the mean price, Eq.(15)

allows a fit of the logistic growth of the repurcearateZ(t). The corresponding

® The lifetimer is therefore 1 day for this good.
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total unit salesy(t) are indicated by the dashed line in Fig.1. The datggest

that the growth phase of the life cycle ended adoli70, since the market
penetration was completed there. In the maturitgsphthe main growth of
electricity demand is due to the increase of tipeirehase raté(t).

From the application of the model to the eledyicmarket we can
conclude that the highest growth of capacities tptace after World War Il
around 1950, as can be seen by the rapid incrdameaitable unitsz(t)in the

insert of Fig.2. It generates not only a considieralecrease of the mean price
for electricity, but leads also to the convergeottthe market penetratiamt) to
its maximum magnitude.

4. Discussion

The presented microeconomic theory is aimed atralenstanding of the
market dynamics of homogeneous non-durable goods.tite case that the
market is dominated by a fast growth of supply cépes the model predicts the
unit sales and mean price evolution. It suggesds ttie unit sales of the non-
durable are governed on the one hand by the smgeddiffusion) of the good
into the market described by here by the Bass maxélon the other hand by
the amount of repurchased units due to the econgmuwth of the country
modelled by a logistic law. However, due to limif@geduction capacities in the
first stages of the product lifecycle the model dices the existence of
unsatisfied demands. The increase of the outpuinie reduces unsatisfied
demands and decreases as a consequence the neean pri

These statements can be illustrated for electriagya non-durable as
schematically displayed in Fig.4. Shown is the @milispersiorP(p) at a time
step in the growth phase of the lifecycle indicabgdthe dotted line. It has
generally the form of a Laplace distribution asidwempirically (see Fig.1). It
Is a consequence of the meeting of the accumutatetber of demanded units
X(p,t) and the accumulated number of supplied unpst) also shown in Fig.4
The chance that demanded and supplied units meetgaten pricep has its
maximum at mean priggt) where the functions(p,t)andz(p,t)have maximum
overlap (Kaldasch 2015). The functiafp,t) can be interpreted as a supply
function. It is governed by the distribution of tbests per unit of the generation
of electricity, which depends on the applied prdaurctechnology. The smallest
prices are offered by nuclear power stations wiiile highest prices are
demanded by gas power stations indicated in thedig

The main idea to understand the price evolutiothefelectricity market
is that there are unsatisfied demands in the gropltase of the product
lifecycle. For the case>0, the production capacities increase faster than th
unit sales. The growth of the number of availabdsuZz(t) is related to the

decline of the mean price governed by a logistic 43 displayed in the insert of
Fig.4. When Z(t) approachesz unsatisfied demands disappear and the mean

15
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price u approachesy. Since the variance of the price dispersion depend
explicitly on the mean pric®&(p) becomes a sharp distribution around

Although the model is applied here to the elediriecharket it can be
expected that this dynamic theory is also appledblother fast growing non-
durable markets, if it is not dominated by specdorat
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Figure 1. The pricedistribution P(p) of the Noordpooklectricity marke (at 1
am) around a scaled mean priu=0. The dots indicate empirical d (Sapio

2004) The solid line is a fiof Eq.(31) witho=0.468.
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Figure 2: Evolution of theUS non-industrial electricity price(t) in cent per
kWh (constant 1992 US$Yhe dots indicate empirical datAyfes anc Warr
2005). The solid line ia fit of EQ.(39) withu,n,=1 cent/kWh, uog= 70 cent kWh,
HZ =2.8. Displayedin the insert is the fitted functioZ(t) given by Eq.25)
with Z =1, =0.11 per yea and C=260. Also shown arghe historice unit
salesy(t) (triangles) in terms of an ind indicatingthe electricity demar in
relation to the magnitude 1902 The dashed line is a fit e long termunit
sales given by Eq.(15)yhere we usen(t) from Fig.3 and,=0.2 a: =0.1 per
year, b =30 andC:=1500.
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Figure 3: The solid line indicates empirical data of thectieity penetration

n(t) in the USA (Felton 2008). The dashed line is avith Eq.(14) usin@ima=
1, A=0.008, B=0.1
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Figure 4. Schematically displayed are the price dependentaddnand suppl
curvesx(p,t), z(p,t)(solid lines) ind the price distributionB(p) (dotted lines) o
the electricity market atwo different time stej. The supply curvez(p,t)
depends on the cogter unitof the electricity generatiowhich dependon the
applied generatiotechnology. ‘'he modelsuggests that with the increase of
number of available unitg(t)> 7z the mean price(t) declines untilu(t) 2w

(insert). ForZ(t)=7 is u=u; while the price dispersion becomes a narrow

around.



