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ABSTRACT

This paper assess the potential for energy conservation
through the spread of High Efficiency Motors (HEM) in the
Brazilian market. The strategy of 9 main Brazilian electric
motors prodtucers is reviewed and the market barriers to the
diffusion of HEM was studied. We found out that there are
technological opportunities to improve the efficiency of
Brazilian electric motors. The main difficulty to improve
these motors efficiency is not producers technological
capability but their strategy for the domestic market. These
producers have different technological strategy for foreign
and domestic market. The industrial organization of motor
producers suppliers represents an important barrier to the
spread of HEM in domestic market. The study concludes
that an innovative policy that deals with cost differential
between standard and HEM motors is fundamental to induce
energy conservation in the electric motors market,

1 - INTRODUCTION

After the second world war, Brazil adopted import
substitution policies to induce its industrialization process
(Tavares, 1979). Energy import substitution was a chief
policy: a national oil and electricity companies were created
to develop domestic production of primary energy resources
{de Oliveira, 1977). Brazilian energy consumption and
energy production both increased rapidly since. The very
large hydropower potential (129 Gw-year} was intensively
exploited, providing over 95% of electricity consumption.
However oil production lagged largely behind: almost 80% of
oil consumption was imported when the oil crisis blew up.

Suddenly, Brazil had to expend over 50% of its exports to
pay for oil imports.
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This difficult situation led the Brazilian government to
adopt a very aggressive energy policy to reduce oil imports.
In order to substitute hydroelectricity for oil, special tariffs to
stimulate electricity use were introduced'. Unsurprisingly,
the electric intensity? of the Brazilian economy increased
30% while total energy intensity remained stable (Table 1).

In the 1980's, the collapse of oil prices and the
success in the domestic search for oil have both reduced the
pressure for oil substitution. Meanwhile, the debt crisis has
drastically changed the financial flows to the electricity
supply industry. This new situation induced a substantial
change in Brazilian energy policy. The main challenge was
to finance new projects for electricity supply to a still fast
growing demand. At this point in time, electricity
conservation became an important energy policy issue. A
National Program for Electricity Conservation - PROCEL -
was launched in 1985. However, the results of this program
are relatively poor so far’. We believe that this relatively
disappointing outcome from electricity conservation policies
results from the lack of a clear and consistent innovation
policy. Indeed, PROCEL put emphasis on R&D policy and on
electric equipment users information but, so far, very little

effort was made to induce the dialogue among the different
actors enveloped in the innovation.

Innovation is a process that intends to achieve higher
quality and/or larger quantities introducing new combination
of resources ol 1eW production process (Rosenberg, 1982}
it results from the continuous dialogue betvx.reen‘ users and
producers of technological information (qun, 1988}. Bell
(1990) hinted that innovative firms are efficient energy users
while non-innovative firms are inefﬁcie.nt e.nergy users. This
result indicates that energy conservation 15 part‘ of a‘broad
process where innovation is the key factor. .Wlth this par-
ticular point in mind, we have chosen electrlf: mqtors as a
case study to assess the role of innovation in energy

conservation policy.

TasLe 1

EnercY CONSUMPTION IN BRAZIL 1965-1991

yearly 1973  vyearly 1979  yearly 1985  yearly 1991
growth growth

growth
rate

1966

growth

rate

rate
(%}

(%}

rate

(%)
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(%}

10.3

13.5 -9.0 .7 5.0

0.8

12.9

9.8

6.1

Gasoline (Mm?’}

12.2 13.3 5.1 17.9 -10.5 9.2 0.8 9.6

5.3

Fuel Oil (Mm?)

7.8 8.0 13.7 17.3 2.2 19.7 4.0 24.9

4.4

Diasel Qil (Mm?*

~Jd

0.3 38.9 2.2 24.4 8.2 6.4 11.9

6.6

0.2

Alcohol {Mm?)

14.7 72.8 7.3 111.0 7.7 173.6 4.6 225.4

24.3

Electricity (Twh)

A 10.9 7.6 12.6 15.6 -2.6 13.3

4.4

2.9

Coal (Mton)

9.01 0.47 0.49 0.49 4.70 0.64 3.01 0.77

0.28

Electr./GDP (KwhiUS$)

4.52 0.37 212 0.43 1.00 0.45 2.09 0.51

0.29

Energy/GPP {Kgoes/US$)

al. (1993)

Source: Aradfo et.
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“The industrial sector accounts for roughly 50% of
Brazilian electricity demand and about 55% of industrial
sectoT electricity demand is associated to motive force (72
Twh in 15_)94}“. A large share of the potential for energy
f‘:onservatrqn in this activity is related to appropriate
housekeepmg measures” (such as installation, maintenance
and operation} and to technological innovation of mechanical
Systems (compressors, fans, pumps, etc). Another
substf:mtial share is related to technological innovation of
electric motors. Our Paper covers this latter aspect.

Thr-..* next section reviews the technological trajectory
of electric motors and it assess the potential for electricity
cons:ervation due to electric motors innovation. The following
section describes the Brazilian electric motors market (both
supply and demand side} and it assess the role of energy
conservation in the innovative strategy of Brazilian firms.
We conclude with policy recommendations to stimulate the
spread of energy efficient electric motors in Brazil

2 - Ewectric MoTors: TecHnoLocicat CHANGE AND
PotenTiaL For ENErGY CONSERVATION

Electricity was a radical innovation that allowed the
development of many other innovations. Particularly
important was the electric motor. It displaced other energy
sources (mainly oil and coal), creating a new paradigm for
driving machines. The use of electric motors spread rapidly
since. For instance, in the USA, the share cf electric motors
among industrial engines increased from 4,8%, in 1899, to
89%, in 1939 (Rosenberg, 1982}. In Brazil, there was a

similar historical process (table 2).

Serie Textos para DiscussAo

TABLE 2
Morive Force IN InpusTRY® BY TYPE OF TECHNOLOGY - BraziL

(1000 HPs)

1007 1920 1940 1950 1970 1980

Steam Machines 80,0 112,2 219,9 161,2 1.116,6 2.027.4
and Turbines®

Water wheels 23,9 32,3 280 34,8 116.8 28,1
and turbines

Internal Combustion Q.1 16,5 62,5 59,7 560,9 659,5
Motors

Electric Motors 4,6 167,2 8859 1.823,5 11.356,7 22.978,0

Total 108,6 330,2 1.188,3 2.081,3 13.152,7 25.764,9

Source: Freitas Filho (1991},

Lower capital cost and higher energy efficiency, as
compared to steam machine, were the main reasons for the
spread of electric motors. Additional advantages were the
fact that electric motors produce no pollutants and facilitate
a flexible workspace layout. Product diversification and
continuous reduction of capital costs were key factors for
the success of the electric motor technological trajectory.
This trajectory was associated to a trend for decrease of
electricity tariffs that subsisted since electricity was invented
to the moment of the oil crisis. However, it seems that the
electric motors industry entered a new technological
trajectory that is likely to increase substantially the potential
for electricity conservation. This new trajectory is being
pushed mainly by the continuous escalation in electricity
tariffs.
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itself. It js important
ystem to achieve a|| opportunities to
The motor System embodies the
N. pump, compressor etc.) and the
W, grinding etc.).

efficiency improvement is only one of
the opportunities. There are important opp

. inities. ortunities in the
electrical distribution network, the Mechanical system and
the process as well (figure1),

improve efficiency.
mechanical system (fa
process (mixing, flo

In the system
approach, the motor

FIGURE 1 - THe ELecTric Motor Svstem

Opportunity I | | Opportunity 3 Opportunity 4;
motor efficiency better motor/mech, process
improvement System matching optimization
N
'/ A 4 A XD
T . e R o s -
- dectricity w o suftvok | System rocess ’
. mechanical device: process requirement
ppaitinnity 2 pumb flow
iﬂh{ distribution fan mining
correction compressor grinding
- — mech. tranamission drive handling
machine tool conveyace
conveyor belt maching

Source: Scheming & Freedman {( 1993).

10
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i i It of efficiency improvement

Oppor:::rn Iti‘t/s;lfjs t'l;zisreit;n he reached by replacing

o tand l-nol tric motors with more efficient models (high
Sta_nflafd er‘ralgtors - HEM®), This opportunity ac:'counts for
t:13f8ﬁ"(/:m!cr>‘fc \t(otal saving potential in motor systems in the ll;:SA
(OITD) but is much higher in Brazil because HEM are seldom

sold in the Brazilian market.

i is li o eleciiic distribution

O.pportlu n‘ltvim?)o::anltlntltae:'uirtimize voltage fiuctuat'ion

correction. : ':ts:e power factor in order to reduce ele?trrcal

and to qorrtalc es. According to estimates gf the. Of.flce. of

d‘St"bu.tlon 0:13 1;3 ies of USA (OIT), electrical dlstrlb.utlo‘n

Inclustr!-a| T:gcgf:ntg for 8% of total savings potential in
c,;f;gftg,';tems (Scheihing & Friedman, 1993).

: ; motor/mechanical systems
Qpportumtylagklso;ezl:\te:d;:uate analysis of l9ad .cvcle
.matChmg' Thﬁ ice of electric motor usually ‘resu!tlr.ag in the
induces .bad ¢ ?)tors than necessary. In Bra.zﬂ, this is a very
use of b'gger{n Industrial energy audits provided by
familior prob le—c'l".that about 40% of motors assessed are
PROCE!‘ sl-;oweThe use of ASD represents a substantial
b S'z?d i cases where the process requi.res motor speed
°p9°r.t unity I?c,"ow the load of the mechanical system. |n
vanation rovement of motor system by the use of ASD
this case, ;-;na?’/s According to the OIT, these are the biggest
oon reacr':ities "co improve the motor system efficiency,
:::)cl:ac?t;::ing to 41% of total saving potential.

Opportunity 4 is related to t‘he use of less s-ha:ft Power
to do the same activity. This action tncludes. optlmlzatlon' of
mechanical system by replacement of over-sme.d mechanical
devices or installing energy efficient mect?amcal c'systems..
This opportunity has a high saving potential {33%) but it
demands substantial investments.

We decided to analyze the process of innovation in
motors technology, as an example of innovation policy’s role

i
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in energy conservation (opportunity 1}.

Similar studies on
ASD’s and mechanical devices are require

d to assess the full

2.2 - ELeCTRIC Moror: SuiFrng THE TECHNOLOGICAL TrAJECTORY

As pointed oyt earlier,
complex and continuous dj

Producers of technological information (Lundvall,1988).
Most often, this dialogue is oriented 10 incremental change,
intending to adjust a technologi i

ogical information 10 specific
situation of different users of a technology, In the case of

intense process of incrementa|

iNnovation s the result of a
alogue between users and

stator. OQOther important components of
armature; the axis, that js fixed on the

rotor; the fan, that
is fixed on the axis; and the axis roller

bearings.

Induction {asynchronousl
advantages: they are cheaper, robust, very reliable ang use
the current provided by the grid, Its main disadvantage is
that controlling its speed ang torque is difficylt. Whenever
speed control is needed, induction motors are badly placed

to provide users needs. It is important to remarg, however,
that the development of p

motors have many

Serie Textos para Discussio

inciple of magnetic
. SynchronorvseI:notolflot‘lzzietrl:ne d?;:‘erepntiv from the
induction asmowr s rotor spins at the same speed of the
asynf:hrOOOUS i fie'ld' The main advantage of sy.nchronous
rotative magne :f offers the possibility of reactive power
motor iIs t-hag n general. this type of motor is used when
c.ompensatlol’lo-vw_}r is very substantial. In these cases, the
gz;neafac; ::rrepactive power compensation are large enough to

justify its additional cost.

i ent, usually rectified from an
>~ mo$;eu§:§i: lc;ﬁ‘cf:;rzl:\::re between this motor and 'fhe
AC Soe is that the stator does not r?ave a rptatmg
previous ones A stationary magnetic field is used instead
magnetic field. r and the current is applied to the rotor.
"o producs po[\;vg motors depends on the voltage apl?lled to
1he spee'd O}i refore, it offers the advantagg of varying the
the rotor; the - t'he voltage applied. This type of motor
speed by. changi gcars trains and a few industrial process
‘s used in :jovs;ntrol is fundamental. The development of
Where.spee| cs eed drive is jeopardizing the.future of DC
he adlu'Stablf ::ldustrial market since its main advantage,
motors In tle an be achieved by AC motors as well, that
Sheed co;t;zs'scexpensive, more reliable and have lower
are muc

maintenance costs.

; i tors accounts for the largest share
T°".a‘"m’2§j:,°sﬂzgue";? In Brazil for instance, between

o electr:g: 1992, they represented 99,7% of total sales in
:::.Eﬁ, Zf quantit;/ and 92,8% in terms of power sold {table
3). It is important to remark that‘although the 1Tphase
motor represented 74,0% of electric mptors sold in the
Brazilian market, they sum up only 23,5"@ |p terms of powef.
The 3-phase induction motors are used in industry and their
average power is substantially higher than .1-phase motors,
Moreover, they are intensively used, whlle' the .1-phase
motors are used a few hours in the year (in residences,
service sector and rural areas). Therefore, the 3-phase

13
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Taste 3

ELectric Morors Sgug IN BraziL: Quantity, Type AND Power
(1980-1 992)

—‘_'—______
Type

quantity (thousand)
—_—

Power (thousand)

N % HP %

_-—-—-__._,_____‘__.____.-——-___________,__,__..,_
Induction 3-phase 1,532.9 25.7 66,756.8 69.3

Induction 1-phase 30,293.0 74.0 22,601.0 23.5

Direct Current 42.3 0.1 1,270.9 1.3
Synchronous 105.6 0.2 5,735,9 5.9
Total

temperatures, making possible the reduction of
of cooper used as conductors, The use of
reduced the losses, decreasing ¢

Série Textos PARA Discussio

i ly falling since
. been continuous ¢
ctric motors has X ; tion costs.
Pow_e ; ZL:l:n obviously reduf-‘ "9 Iti prgg:: detrimental
Howon this: technological trajectory has
However,

to energy efficiency.

3, there
Figure 3 shows that between 1955 :f?;::i;r?tg/ rate of
igu ian i nergy
R n the e .
tial reduction | ctric motors
was a SUb;;acI:ric motors. In average, 1?183 f'_':)se of 1958,
An;e:: E:ennergy efficiency rate 3% Iowtilrc't1 ?nore important in
iy deterioration in efficiency was m otors are used more
e dete all motors. Since large m there was much
the case |of $nmd consume more electncntV'e of small motors,
intensively a . . in the cas
i eir efficiency. | ion costs was
o oare Wltht:: search for minimum P,rs)dl:?l'(:'ttlonof relatively
It seems that ¢ the efficiency rate. Avgulfaf ili yation about
very harmful t_o't and consumers misin orlrln Sted o
cheap elelct!g;svof electric motors aref uit:aallvmpotors
ional ¢ . of s .
?: e;:[tallc;\?n this trajectory in the case

OTORS
RaTio N ELecTRIC M

- WEeIGHT / POWER

Figura 2 - WEIG

100
80
60
40
20

il __.{
ol 1 :
1890 1910 1930 1950 1970 1990

Kg/Kw

Years

Source: Kreutzfeld {1992)
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Ficure 3 - Enercy Erriciency 1y AMERICAN ELectric MoTors
IN 1995 anp 1983

2 -
5.
10 -

Efficiency Rate (%)
] &3 sy w ®

20 .

30 -

50 -
75 .

:
5

Source: Kreutzfelg (1982)

Electric Motor is considereq 2 mature technology,
otor innovationg are mainly incremental, intending to
substitute o)qg for new Materials and o develop software
that optimize designs. The actual rate of technical Progress
in this area is very slow, making relatively easy for Producers
to keep pace with technological change, Hence, industria|
Secrets and patents do not represent substantial Obstacles to
the spread of innovations in this industry. Nevertheless, the
Same cannot be said concerning the rate of innovation in

production Processes, where jt seems there are large

opportunities for competitiveness advantages,

After the oil crisis, increase in electri
energy conservation Programs started to m
motors industry to a new technological traj
efficiency became an important chara
equipment, gradually emerging the sq call
Motors (HEMS) in the mar.

ket place. The b
these motors is not different from the

16

city tariffs and
ove the electric
ectory, Energy
Cteristic of this
ed High Efficiency
asic technology of
ones stili on yse.

—-n— 1955
g
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i motor
isolation, American d
i aterials and better isolatiol but increase
U:;lggc:::r?mr;roved their equipment eg'?':f\lr\‘fc‘t{o 8,3 kg/kWw.
:;)heir weigh to power ratio from 6,8 kg

| ATION
2.3 - TecHnicaL PoTenTiaL For CONSERV

o ; id not change
Despite the oil crisis, Brazﬂlanhflrr;lgmd‘;:tic ko,
i ESI:\nologic:anl strategy for t eeloped technological
Althouan few Brazilian fifms de e o of this sort of
Althcn'Jlgl‘] at e1::’rwoduce HEM, their pr:;,dua:::nd the USA, where
capabilities to ilv sold in Canada )
i i i hnology; very
electric motor is mainly read of this tec Y
incentives for the sp nd the spread o
there are incentives ilian market and the s
in the Brazil i ificant as
fow HEM afr ; ST:r Iirrll tthe Brazilian market is insign
this type of mo

| sales).
yet negligible (less then 1% of tota

i “standard” motors
tory tests of Brazilian 3-phase “st
Laborato

are less
hat these motors 3
EL showed 1 i ed countries
ordered b;{, Pﬂgrcnilar motors sold in develop

efficient than

tor were
i sses in both ro.to.r and sta e
{Cogo, 1980). M:gnrﬁg:tl?mportant expl-alnln? ];Z?lours:: at:d
pointed o'u't e t:these engines. Quality o Issses °d and
lower efficlency ® tate are blamed for these 3 ; n s
thickness of th?: l:t)r:mtial diversity of. motor desig 2mong
identitied s, esulting in significant dlffgrencd o
e rea o0 rell A comparison of 4 main oprg uh s
oot thelr ntors had differentials of.41 b.ln the
showed wnat tth 2:eg1 at full load. The potential to Ilamp(?v.e
iheiency “ “ sold in Brazil is
!c?feseefficiency of the “standard” motors
substantial indeed.

Table 4 indicates the difference of efflc[en?ycgitsviizu:

dard and HEM Brazilian motors. The main aTh nat
oxp! in this situation are: materials and design. e
explau.':.t . steel plates in the rotor and stator”whlle the
stands |;on otors use carbon steel plates. The silicon steel
issta?ndl.?crh rr?wre efficient than carbon steel when used as

T
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magnetic material in electric motors, Th

optjmized as far as efficiency is concerned when compared
to “standard” motors design. It is interesting to remark that
there are opportunities to improve the efficiency of the

Brazilian HEM still as suggested by the best internationa!
technology?'®,

e design of HEM is

TaBLe 4

ELectric MoTors EFFICIENCY: BRAZILAN VERSUS THE BEST
INTERNATIONAL TECHNOLOGY12

Power Standard High Efficiency Best Best AC
hp Motor Motor (WEG) International  International
WEG (B) Technology Technology
(A) {C Producer
1 72,6% 75,9% 86,9% West Motors 0,83
2 74,5% 82,5% 87,5% West Motors 0,85
5 83,0% B87,3% 90,8% West Motors 0,21
10 87.2% 90,1% 92,6%  General Electric 0,94
20 89,8% 92,3% 94,3% MAGNETEK 0,95
50 92,6% 93,6% 95,3% Bardor Motors 0,97
100 92,0% 94,3% 95,8% Siemens 0,96
200 93.1% 85,3% 96,4% Siemens 0,96

3-phase Motor IP54 (1800 RPM).
Last catalogue revision 07/93.
Source: Weg Motores S/A e Data bank of CSA (1992).

In the 1990's, the efficiency of Brazilian motors
increased remarkably thanks to PROCEL efforts to induce
energy efficiency improvements. PROCEL induced a revision
in the norm used to establish motor efficiency, fixing one

18
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single methodology to measure motor efficuenf.:v- TTsm ’:&"‘::
possible to compare the energy efficiency of differen il
produced in Brazil. Recently, PROCEL created ao ram to
program for 3-phase motors. Nevertheless, no .p:‘ %f HEM
stimulate technological improvements and diffusio

was created so far.

Table 5 shows that the eneray officiency of b
standard and HEM produced in Brazil incre2=e - important
improvements for standard motors. However, d by Brazilian
to note that the stock of electric motors du;e table 4 since
industry is far less efficient then suggeste X s‘{al d before the
a large share of the installed capacity Wa

1990's,
LABLE 5 : 0 anp 1994
ErFiciEncy oF BraziLian ELECTRIC MoTors: 199
P ctandard Motor High Effic{-i;;cy Motor
ower
(hp) {%)
0 1994 C/D
4 A/B 199
1330 1?; (C) (D}
»_1_.._-. 68,0 72,6 0,94 756.9 75.9 1,0
2 72,0 74,5 0,96 82,5 82,6 1,0
5 76,0 83,0 0,91 87,3 87,3 1,0
10 84,0 87.2 0,96 88,0 20,1 0,87
20 87,0 89,8 0,97 20,3 92,3 0,97
50 90,0 92,5 0,97 92.4 93,5 0,98
100 91,0 92,0 0,98 93,6 94,3 0,99
200 91,0 93,1 0,97 94,5 9%,3 0,99

Motor IPS4 de 1800 RPM.
Soutce: Weg Motores S/A

19
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ard motors. These savings
W of installed

TABLE 6

PotentiaL Enercy CONSERVATION IN ELecTRIC Mortors -
INDUSTRIAL Sector (1 992)

Efficiency Efficiency Savings Total
range e!ecmo:ty Standard Energy potential savings
consumption Savers
________,____-—-—-___._______—-—-—-—._.__________.‘_.__ ——
(Twh) (%) (%) (%) (TWh)
<1 1.07 70 75 6,7 0,07
1-10 22,58 83 87,3 5,0 1.13
10-49 15,48 89 923 3,6 0,56
40 - 100 8,37 92 =2 21 017
100- 250 3,70 93 95 2,2 0.08
Total 51,20 :

- 2.0
a) Assuming that 3-phasa Mmotors under 250 bp account for 80% of ele

Ctricity
used by industrial motors,
b} Performance at full load

¢} Motor IP54 ge 1800 RPM.
Source: Weg Motores S/A e ELETROBRAS

20
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3 - THe Etectric MoTors MaRrkeT

i r producers can be divided
Basicall\{, tt;?ore:::g:acardc'tszri; motors.. Table 7 shc:v::
2 group§-rit of firms (14} produce tailor made mo 19he
that ﬂ.]e o fvrnotor has a very small marliet.shar:a. e
but. this type :fe responsible for the great majority (f)' pov;re
g_;enal mOtOlrSacity and energy consumed but a few |rm:.I are
mstalle'd caﬁ. sort of motor. Tailor made motors are e
producmg 't - while the serial motors are 1‘-|.3hastfe an >
fr;;r spe?:éz;?oen motors used to supply driving force
ase
gtandard applications.

ituti tric motors started in the
PR SUbslnltElIJ;::otzco\fvae:egne of the firsf international
1940'51 Gem'e;::tall a plant in the state of Sdo P?ulo. B;,r
companies to ls were producing electric motors in BraZI;
195'9' . flrm300 000 units yearly. The economic I::.noom 0
seling roughlv ’ted several internationa! firms (Saern'efls,
the 1-970 y .attrac Sommer and Marelli} to the .Brazman
Toshlba,. Hellaqce.to 44 the number of producers in 1974,
Mo mcreasnr;gSSion of the 1980 's frustrated the growth
However, t!P‘esr::en for electric motors demand. The nuTnber
that was fore the market place was reduced to 19 firms,
o dplayis_:; a:nstrong industrial concentration of this market
produc
{table 7).

During the process of industrial concentration, one
Brazi[iar‘:: rcl:c:?nl:tr:nny was able to control a very large s:a:e| o; dtzf
i i WEG, the market le .

ilian induction motors market.. , . -
BL?f:r'latly accounts for 75% of serial 3-phase' lnduc.tlon motor
i arket and for about 50% of serial 1-phase induction rnoto‘rsl
garket (WEG Group, 1993). Competing for th(? mat\)rkft Ofys:\:;

her companies but on
rs, there are only four {4) ot. : ty
:Eobte(:Ie and Kohlbach) have a significant share of the Brazilian
market'?,
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TaBLE 7

ELECTRIC MOTOR PRODUCERS IN BRAZIL
Serial Serial Tailor
1-phase 3-phase Made

3 funtil 250 hp)

1) Asea Brown Boverl Ltda

1 As ri Lt X
2] Asren & Cia Ltda w ; |
3 Eberte 514 S *
4] Equacional El-e-zt;nca e I;/l;:c;r_];:; Ltc-i:;i T X
5) Fertum Inddeura o Comercia L1da - X.
O Gevisa 5ia P x
7) Indu;I_na e (_Zor;t:.rcm Lavr[l Ltd’e;r . SR )—(
g]- |r-1(;L;:.Slf—la Bra;ﬁ;;;;zg Rflaqumas Ltda }; S ;( - 7

9) E;;;Ea—ch S/A 3 _; ’“‘“";" _

;6}— I-\;‘]';;l' Controi Ac. Eletncos Ltda“ et A X
i?Momres Elétricos Brast S/a T o e
12) Motores k;iper.llfl-;t‘rt;n 1;1;; Ltda i ] X
13) Nova Mot, 'E;r;éol‘é;;ecfa.{id_a' B Bkl
14i Se.;fv d;) Brastl !\;1;; “'Lt‘da 7 B _ )_(
;gl Slemens S/A A OF pie g ;<
16) Toshiba az-grasrl s/A e X
;;) \—/anmot S/;\ _ o ;(
18) WEG Méqurnas Ltda 7 . L ; |

19) WEG Motores Elétricos X X 7 '
Fonte: ABINEE
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Our study assessed the technological Capab"'“"j a”r‘;
ur » .
strategies of 9 electric motor producers. The 3 m;aln p:gducers
were visited and guestionnaires were SEEI;I ]tc;) 6 ot e;rv;;mew -
i ents. Table 8 offers an _
mbracing all market segm . udied.
felevant Sconomic data of the firms that have been_st

TaBLE 8 | o
ResearcHED Firms: Revenues, Exports Aip Num

EmpLovees - 1993

revenues Exports number of
(US$ millions) (US$ millions) employees

Firm

« 4030
1) Weg Motores Ltda 156.2 41.2 11590
2) Eberle S/A 92.0 182(.j e
3) Kohlbach S/A 40.0 ; "
4} Motores Elétricos Brasil S/A 37.0 1.5 "
5) Weg Maquinas Ltda 24.7 3.7 270
6) Toshiba do Brasil S/A™ 13.0 55 )
7) Industria e Comércio Lavill 3.0 7
8! Industria Bras. de Maquinas 2.4 : 61r
9) Equacional Elétr. e Mecéanica 1.7 0.04 115
10) Nova Mot. Eiét. Especiais 0.7 2 30

Source: Elaborated by the authors

3.1 - TecHnoLocical CAPABILITIES

As pointed out earlier, electric motor technology is
considered a mature technology. Product innovation is slow
and incremental.  Brazilian firms do not feel they lack
technological capabilities to introduce any sort of product

~N -y
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innovation and consider that th a0
. ere are few
product innovation, eéw opportunities for

ation. Indeed, two of the firms visited, got the

:ﬁg EGC:OfL ::;tnfrc\?;non, and one is in process of getting it. The

Countiies Norrth‘A EG). éxports to more than 50 different

P "t merican and European markets representing

s exports. The _Canadian Standards Association

motors as well nene ::if]atllonfpf WEG high efficiency electric

100 much on RaD (o, 9)g y, firms mvgsthated do not expend

its oxmends e 9). ‘Only one firm intends to increase

penditures on R&D while one is planning to reduce: the
Seven remaining firms have no change planned '

Tase 9

SHARE oF R&D INVESTMENTS 1N Firms TotAL Revenues -1993

Partipipation Number of firms
o e

1
0.1-0.5%

—_

0.5-29%
2-5%
+ de 5%

Source: Elaborated by the authors

o N oo

The rate of process inn i
. . X ovation, on the .
increasing rapidly. The use of | other hand, is

modern software and process

! automation reduces the dyrati
of the prodyctnon‘cycle, Increasing its flexibility. Infor at.'on
technology is modifying even the sales policy . aon

e sa : Indeed, delivery
. ! t:on' Is becoming more flexible.
are selling directly to fina consumers

time is reducing since produc
The dynamic firms

reducing their stocks.
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There are large differences among Brazilian firms as far
as the production process is concerned. The two main motor
producers have riotably invested in process technology. Their
produciion process is automated and flexible. In fact, WEG and
Eberle are able to procuce up to 24,000 and 30,000 different
motos, respectively. Automation of production process in
both companies reduced the time of production from 30 to
7 days, between 1985 and 1994.

From the point of view of energy efficiency, the main
process technological difference between electric motors
producers is the use of thermal treatment of steel plates. This
process iinproves substantially energy efficiency of motors.
However, only the two main producers use this technology;
cther firms prefer to mix carbon steel plates with silicon steel
piates instead'?. Carbon steel plates have a considerably higher
rate of magnetic losses as compared to the silicon steel plates
put the latter are more expensive (depending on its rate of
magnetic losser it can costs 100% more). Usually, firms use
carbon plates on standard motors and silicon plates on HEM.

Motor producers declare that there is no technological
bottlenecks regarding their suppliers. Whenever there are some
specific parts (like for instance roller bearings for high speed
motors or low naise motors) that are not locally produced, they
<an be imported if necessary. There is, however, complaints
concerning the de facto monopoly of the supplier of silicon steel.
in Brazil there is only one producer'™ and there were obstacles
to import it'®. Nowadays, import restrictions were removed but
transaction costs are considerably high', inducing motor
producers to get their supply domestically.

Internal development is the main source of innovation
of electric motor firms in Brazil (table 10). Licensing has
been important to establish Brazilian firms but gradually
domestic producers started to adjust licensed projects to
domestic market conditions. Particularly important was the
need to reduce costs, quite often 1o the detriment of energy
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efficiency, since the low quality of local raw materials give
rise to extra Costs to produce ener

three firmg that dom
licenses. However
strong interchan
their motors an

Taeie 10
Main Sources OF TecHNOLOGY Acauisimon
- TTUW

“Extremely important”

“less important”

ar “important” or “not important”
Interna| development 8 1
Technological license 2 7
universities ang fesearch centers 4 L]
users and suppliers 6 3
Cooperation with electric motor firms 1 8
;;rce: Elaborated by the authors

3.2- CompeTITIVE STRATEGIES

The competitive strategy of Brazjli
producers in the 1980

Produced higher efficiency

eventually were pushed oyt of the Brazilian market.

General
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tors
. srgy-saver mo

. \ to produce ene

i instance, begun . here was no
!Ele;:g;;:i {slrjt had to stop producing because the

in

market for it.

; as due to two
duction strategy w '
cess of costre e . re 4) and
i ;ral*lioig?the low price of electricity In-BrazE;::rgLélec tricity
n;]amh er inflation process of the 1980]%-‘3 ency while the
tr? esypwere not inductive of ene;gy celbv inflation pushed
pric ic roduce
. o and prices p - o nts
d|ssoc|at|ont§fr‘;g:5‘tcse as r‘;uch as pc:ssubleI thm:;nvestme
ers t ) . COSts.
zggf:n:iespite any increase In operationa

i icers adopted three main

Br.a.Zilian eltemi::' '2;;?:2515;23% (tailor made p-rodL:;e;)(;
Com_Pet.ltW? Stra\.f:.:r}?rds-the production of elect‘rlc apgh?:rc; > and
Vemcahsaﬂc‘};;to (;erial motors). As we mer}tlopeddweand,a jost
P_VOCGSS ﬂexlc: tt\:e first strategy, one is verticalise et
](cgr:diic:';ziethe third strategy. Thzfe S:;; I:::;eaof gmducts
P the ooy Stra(:rig;/o:av\:‘iis :upzliers and usgrs acsi a: ke\é
S .stress.cogﬁategy‘ indeed, they established larg
c‘emen;;zf it:f;‘:ni‘ce;! assistance through out the country.
networ 2chni

indi ¢ r producers see price,

jljable . 3-"\:::2;?5352';::6:;21(;5 l:heir main marketing

reliapihty and tegnl' 2 companies suggested that energy

re::!u!remenj\ts. i o\r/tant marketing requirement. Therefqre, i

'cfﬁmency Frsine l?!lit there is no aggressive technology polucT/. to

iy seuiﬁzsézirgy. efficiency of electric motors among Brazilian
improv.
firms.
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TasLe 11
PrincIPAL MoTOR ATTRIBUTES: PRODUCERS REQUIREMENTS
—_ % Attributes “Extremely important” “less important”
] g ﬁ g or “important” or “not important”
™
g 383 . e e e
+ + + E:J Motor price 9 0
Raliability and durability 9 0
661 Energy efficiency 2 7
Technical assistance 9 Y
2661
Source: Elaborated by the authors
0661
8861 TaBLe 12
OBsTACLES TO INTRODUCTION OF INNOVATIONS AND ENERGY
9861 . ConservaTion20
861 ‘g’, Obstacles “Extremely important”  “less important”
or “important” or “not important”
) 61 Access to new technologies 2 7
!
0361 Marketing energy 8 1
i efficient motors
8161 é Lack of regulation 3 3
g , Lack of incentives 5 1
961 o for conservation
: | Quality of electricity sold 2 7
Q
. c bL61 o <
:: © Source: Elaborated by the authors
[~J ]
UAY/S00 tsn g
S&
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Producers?® hardly yge an
Basic_ally electric motor firmg b
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3.3 - DEmanD SIDE: REQUIREMENTS AND INCENTIVES

Electric motors buyers can be divided into three

different segments: retailers, appliance manufacturers and
industrial end-users. In order to assess these three segments
view of energy-savers motors, a sample of 13 industrial end-
users, & appliance producers and 10 retailers was

investigated.

Table 13 shows that motor buyers are very sensitive to
price and to reliability. These factors were rated as
extremely important or important by 97% and 90% of our
sample. Table 13 seems to confirm the view of electric
motor producers that price and reliability are the key
characteristics from buyers point of view. However,
differently from what producers believe, buyers do value
energy efficiency. Indeed, this factor was considered

important by 68% of our sample.

TasLe 13
PrincipAL MoTors ATTRIBUTES: BUYERS REQUIREMENTS

Attributes “Extremely important”  “less important”
or “important” or “not important”

Motor price 97% 3%
Reliability and durability 90% 10%
Energy efficiency 58% 42%

- Technical assistahce 48% 52%

Source: Elaborated by the authors
n=31

Consistently with the previous analysis, most buyers
consider that one of the main obstacle to the spread of HEM
is price? (table 14). Another important obstacle pointed out
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by most of them ijs the lack of incentives for energy
conservation, showing that the |ack of a government
Strategy for rational use of energy is an important aspect of
Fhe diffusion of HEM. The Brazilian macroeconomic
mstability was indicated as an important obstacle by users
but this obstacle was removed by the stabilization program.
Nevertheless, the long period of high inflation created among
rna.n?:gers a lack of awareness of the importance of energy
efficiency since any energy cost could be passed on to
congqmers. The lack of special financing mechanisms and
qualified human resources were considered important factors
by many buyers as well. It is interesting to remark that from
the point of view of 48% of our sample, the lack of
methodologies for measuring the benefits of energy
conservation investments is seen as an important barrier for
energy-saver motors spreading.

TasLe 14
Main Osstactes T0 ENERGY Erficient EquipMenT SPREADING

Factors “Extremely important” “less important”
or “important” or “not important”

Initial cost 93% 7%
lack of incentives for 90% 10%
energy conservation
Economic instability 61% 39%
lack of awareness 55% 45%
of managers
lack of financing 52% 48%
Lack of qualified 48% 52%

human resources

Difficulties to 48% 529,
measure benefits

Source: Elaborated by the authors
n - 31
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Table 15 shows that ariffs are the main factor
inducing users to energy conservation. Availability of energy
efficient equipment, energy conservation policies and the
perspective of any sort of rationing are also very influential
on buyers decision to use HEM. It is interesting to remark
that environmental policy and competition although
considered impoitant are listed at the bottom of the list.

TaeLe 15
Main Factors Inoucing CONSERVATION IN INDUSTRY

Factors “Extremely important” “less important”
or “important” or “not important”

Tariffs 100% 0%
Availability of 74% 26%
efficient equipment
Energy conservation 74% 26%
policies
Perspective ot 71% 29%
energy rationing
Environmental policy 68% 32%
Campetition 55% 45%

Source: Elaborated by the authors
n=3

Market characteristics strongly differ among market
segments. Industrial users of our sample are large and
middle-size firms, averaging 1745 employees. The
opportunities for energy conservation among these firms are
large. In 10 out of 13 firms consulted, motors were
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responsible for more than 70% of electricity consumption.
Nine firms had already done energy audit and they had their
motors maintenance supervised by electrical engineers. The
main obstacles pointed out by this group of buyers were the

price of HEM and the lack of incentives for energy
conservation.

Technical assistance was considered an irrelevant
issue. Usually, motor selection, installation and maintenance
have been done by the users staff or by independent
specialists. This fact may have negative implications for the
spread of HEM among these users?®, Price and reliability
were regarded as the most important attributes of motors
but for the great majority of industrial users (11 out of 13),
energy efficiency is an important attribute as well. All the

inferior.

The diffusion level of HEM among the industrial users
consulted is very fimited still.  Only 3 firms had HEM.
Nevertheless, 10 firms manifested interest to use HEM

largely in the future, contradicting producers view that users
have no interest in efficient motors,

Appliances manufacturers are obviously also industrial
users of motors but questionnaires sent to them covered
only motors they usually buy for use in their assembling tine.
Most firms considered energy efficiency as an increasingly
important attribute in the coming years. Cooperation with
motor producers is considered an important factor from their
point of view. Seven {7) out of eighth {8) firms consulted

considered the quality of Brazilian motors satisfactory as
compared to imported ones.

Our ple of retailers consisted of 10 firms.
retailing has beep losing
automation technologies
producers to sell directly to

Motor
importance since process

made possible main motor
end-users. Nowadays, retailers
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market is chiefly concentrated on small motorg for small
industries, and commercial and rural users. Retailers c{o not
regard energy efficiency as an if‘nportant m‘oto.r‘ attrlbutg.
Their emphasis is placed on price and reliability. It is
important to remark that retailer's clients usually do not h?ve
technological capabilities to evaluate the motor technical
characteristics. Unsurprisingly, retailers regard the Iack.of
qualified human resources and the difficulty of measuring
energy conservation benefits as important obstacles to the
diffusion of HEM.

None of the retailers consulted has a c_ommercia[
strategy for HEM. In fact, there is not a cqogeratlvg market
strategy of retailers and motor producers aiming to lneregse
the diffusion of HEM. Retailers have no incentives for selling
HEM, since they are more expensive afad therefore need
stronger selling efforts. Therefore, retailers are to some
extent reactive 1o energy conservation sales arguments: it
is interesting to remark that eight (8) out of ten {10} retailers
consulted had not even heard of the existence of PROCEL.

4 - ConcLusions AND Pouicy ReCOMMENDATIONS

Brazilian electricity consumption is growing (apidly still
and utilities are facing increasing difficulties to flngnce the
required investments to keep supply and_ Qemand in pe_:ce,
PROCEL was launched to rationalize eiectricity consumption,
aiming to minimize investments (?f the el.ectrlcuty supply
industry. Despite the very substantial.potentlal for electricity
conservation, PROCEL results are quite poor so far. Frpm
our point of view, this is so because the. role of innovation
in the process of electricity conservation was not tully
understood by energy policy makers.

The spread HEM can save a substantial amount of
electricity. Our estimate is that at least 2 Twhiyear can be
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saved if HEM can find their way to the market place. We
found out that Brazilian electric motor firms do not lack the
technological capabilities to produce HEM. Indeed, they are
currently exporting this type of motor to industrial countries.
However, their strategy for the domestic market do not
con.template the spread of HEM although electric motor users
are interested to use it. Recent increase in electricity tariffs and
the success of the Real Stabilization Program improved the
economic competitiveness of HEM from the demand side. It is
necessary to find policies that can improve their competitiveness
from the supply side as well.

ACESITA’s monopoly of silicon steel plates generates
additional costs for Brazilian HEM, augmenting the cost
differential between standard and HEM motors. Since the
Brazilian users emphasize cost, understandably the market
strategy of Brazilian firms for the domestic market does not
comprehend HEM spreading. From our point of view, an
innovative policy that deals with that additional cost is a funda-
mental aspect of any electric motor conservation policy. Itis
clear that the ACESITA monopoly power has to be reduced
either inducing a new domestic producer of silicon steel plates
or improving the competitiveness of imports. The moqopoly
situation of ACESITA is strongly reinforced by the limited
production of HEM. A policy that rapidly spread HEM would
open opportunity for carbon steel plate pr?ducers to develop a
silicon steel production line to compete with ACESITA.

Since the main obstacle to diffusion of HEM motors is
price, efforts must emphasize the reduction of price
differential between those motors and the standarc} ones.
The price gap could be reduced using several strategies, but
the easiest one is to change the tax policy. Nowadays, the
electric motors are exempted of industrial products tax?,
This policy could be changed, charging a tax on standard
motors and maintaining the tax exemption only for HEM.
This policy would reduce HEM price as compared to standard
motors. The policy to spread HEM would enlarge the market
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for silicon steel plate, creating opportunities to increase the
competition in this market.

Our study pointed out that the dialogue between motor
producers and users is relatively poor as yet. Although
producers believe users do not value efficiency, this is not the
Case. The main problem is the lack of a credible methodology
to assess the efficiency gains of HEM. PROCEL can play a
crucial role in this aspect, providing the framework for a fruitful
dialogue among producers, users, retailers, and research
centers to produce a reliable methodology to assess the
economic benefits of HEM. Organizing the market into groups
of purchasers interested in specifics technologies (HEM in our
case) has been an effective way to speed up the process of
innovation and induce energy conservation in countries like
Sweden (Nilsson,1995). The current labeling program,
particularly if linked to an energy efficient procurement policy,
can be a good start for that dialogue. A rebate program could
be used to further improve the dialogue?’.
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Notas

' This tariff was introduced to use the surplus of electricity that existed
at that time. The tariff was 6 times cheaper than standard electricity
tariffs, .
? Between 1970 and 1991, electricity consumption augmented 8.7 %
while the GDP expanded 4.8 % on an annual basis,

3 For an evaluation of Brazilian conservation programs see Aratjo of. al.
(1993).

* Electric motors consume a very large share of electricity in industrial
societies. In Germany, for instance, they account for almost 70% of the
industrial electricity consumption.

® The motive power used for electricity generation was not considered.

¢ The HEM are 3-phase induction motors for industrial applications.

7 The PROCEL report (PROCEL,1990) estimated that 16,4% of electric
systems losses could be reduced by the replacement of aver-
These losses were estimated at
or 3,4 Twh in 1992.

® When AC is used, the a

sized motors.
1,5% of total national electricity consumption,

pparent power demanded from the grid is larger
than the actual power on yse. Users are charged on the basis of the apparent
power they demand. In order to reduce their electricity bill, users often
introduce capacitors to bring the apparent power demand closer to actual
power demand (this is known as power factor correction). The synchronous
motor can produce the same results of capacitors, therefore avoiding
investments. :

? The next section will explain why Brazilian firms adopted this strategy.

'® Project technology used by Brazilian firms does not include modern methods
of project optimization as finite elements calculation.

! We use WEG motors, the market leader, as representative of Brazilian
electric mators technology. Other Brazilian firms produce less efficient electric
motors.  We used the CSA assessment as representative of the best

international technology (norm CSAM390-1985, comparable with the
Brazilian similar NBR-5383),

7 It is important 1o remark
insignificant share in Brazili
" Laboratorial studies mad

that imports of induction serial motors has an
an market,

plates. Nevertheless, it requi
and increases the producti

"This supplier is the Acos Especiaig Itabira S/A - ACESITA.
'* As soon as the thig type

 type of plate started to be to produced by ACESITA,
.the gavernment prohibited its import, Nowadays, this raw material can be
imported freely, and import tarifts bave been strongly reduced (14 %]}.
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'* There are obstacles to cooperate with foreign steel plates prc.>d.uce|s
and garantee, prices, and delivery time. Moreover, AC_ESITA prwl!egﬁs
clients that cooperate {prices, delivery time).. Theretore, it s strategical \:
very risky to change the silicon plates supplier. The competitors can ge
important competitive advantages. ) ) )
" The company is Motores Elétricos do Brasil - MEB, which sell its
production to electric appliances companies of iis same industrial group
{Springer- admiral group). <o

'® 3 firms did not answered to 2 obstacles listed.

' Weg Motores, Eberle and Kolhbach.

* Even the wires are house-made. ' _

A pointed out earlier, silicon steel plate is essential ;or HEM.

*2 This new factory will be producing by éeptemae; 91 5919 .

# About the Real Stabilization Plan see Castro ] ’ _

* The economic evaluation of an 10 hp HEM demonstrated tha]t the pn;:;
differencial is recuperated in 51 months for 3000 h.our.s of anm:.:.i r1:39, clatra
months for an annual use of 8.000 hours, considering the. ig . VOl ge
industrial electricity tariff of 1994. These figures show that the price (.lllferefrntlial
between standard and HEM is still very unf.avora!ble 10 thrj- dn‘fusnog of the
late, in the case of the lower industrial electricity tariffs. The dnffer::ce etm:;:en
standard and energy-saver motor's prices vary between 20 to 47%, depending
on their sizes (WEG Motares S/A). o

** The user-supply cooperation has a positive impact to the speed o:
innovations diffusion. Communication channels are.lmportf-mt to augment the
Speed of diffusion of the information’s related to fhe mnf:vatlon llejgley. 1 9“5::2|)
% In Brazil, industrial products have Lo pay an |ndu§tnal p.roductlujosnstzgo ).
*" In Canada, for instance, some utilities offered an incentive of per
kw saved l')y the replacement of standard motors by HEM (Nelson/s
Ternes, 1993),
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