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Abstrac!

This report is based on reformation collected from the maiti Polish manufacture_ of relrigeratio_

appliances. We describe their production fitcilities, and show that tile energy consumplion of their

models for domestic sale is substantially higher than the average for similar models made in W. [£urope.

Lack of data and uncertainty about future production costs in Poland limits our evaluation of lhc cosl-

effective potential to increase energy efficiency, but it appears likely that considerable improvemenl

would be economic from a societal perspeclive. Many design options are likely to have a simple payback
of less than five years, We found that the production facilities are in need of subslantial modernization in

order to produce higher quality and more eflicienl appliances. We discuss policy options that could hel l)

to build a market for more eflicient appliances in Poland and thereby encourage investment Io pr_duc¢

such equipment.



1. INTRODUCTION

The energy efficiency of energy-using equipment was hislorically nol a htgh priorily in Poland or

other centrally-planned economics, in part because energy prices were very low. As a result, tile

efficiency of the equipment in most areas is well below the levels typical in Western Europe or tile LI.S.
As Poland and the other former centrally-planned economies address the challenge of translonning their

economies and improving environmental conditions, improvement of energy efliciency has become an

important policy goal.

In association with a larger study of energy use and energy efficiency in Poland, l we undertook a

more detailed analysis of the potential to improve energy efficiency in a single end use, domestic refri-

geration appliances. Much of the information presented in this report is based on di:_cussions with the

largest Polish manufacturer of domestic refrigeration appliances, a tour of their factory, and technical

information provided by the company. As wc were not abic to conducl iJ_dcpendent testing _1"Polish

refrigeration appliances within the scope of this projccl, the findings o1_energy eflicicncy arc not
delinitive, but they are probably reasonably accurate. A _mmbcr of questions rcn_a_r_ullallsweretl, calliJlg
for further research,

As shown in Figure 1, ownership o/ retrigerators rose rapidly in Ihc 197()s, and became nearly

universal by 1989. 2 In the 1970s very small 113()litcrl refrigerators of Polish and Sovmt mant_racture

were most popular. A two-door Polish rclrigerator-frcezer (220-24() litersl came on the market in Ilaclate
1970s, followed in the mid-1980s by a similar Sovicl rnodcl, P,ascd on interviews with Polish manufac-

turers, the Polish Foundation for Energy Erlicicncy (FEWE) eslJnlalcs Ihal 7(Y_, of the total rclrigcrator
stock oi"around 12 million units consists of models in the larger size range. :_The average retail price in

early 1993 was $265 for small units (130-170 litcr_ and $375 for larger inodels. 1 lmporled model.,, from

Western Europe are considerably more expensive.

Ownership of freezers rose during the 198()s, and clirnbed Iurtller IO nearly 3()% of homes in 1991.

An estimated two-thirds of freezers in use are quite small (50-60 liters), as many households bought Ihese

small freezers to supplement the refrigerator they already owned. The remainder el the freezer sleek is of
120-140 liter size. (In addition, lllcre arc an estimated ().3-(I.4 milliozl lrcczers with over 1511liters

volume used by commercial enterprises.) Uprighl (front-open) freezers arc nlore colnmon in cities, while

larger chest freezers arc more popular in rural areas, where llicy are used for stoti_g illt';AI, 'l'hc average

price in early 1993 was $280 for small lnodcls and $375 for lhc larger tltm3eslic rnotlcl

The average energy consumption in use o1 Polish appliances is not klu_wn will_ prccisioll. "l'al_lc I

shows estimates made by FEWE based on spot mctcrilag of a snlall sanlplc uf devices, Multipying these

values by the estimated number of units in use al'q_roximales lotal electricity cc_tlstlrnplit_l_by eacl_ type _1

appliance. Refrigerators and freezers account Ior an estinlatcd 2()¢_,alltl 5',4 respectivcl 3 el It_tal Ii_tlsc-

hold electricity use, 5

I S. Meyers, L. Sctfipper, and I. Salay, "Energy Use in Poland, ILI70•I tJt_]: Sccl_ral Al!al}".l', _llld IlllCl-llallOllal ('t'_lllllilI I_.tll|. ''

LBL-33994, Lawrence Berkeley Labx_ratory, Berkeley, CA, July 1903.

2 Data on appliance saturation are from the Central Statistical Oflicc (GUS), Rocznik St,ay_t}ceny 1t)02. Warsaw.

3 Estimates of the market shares of different appliance types alltI data tm prices were plovitled b_ the P_l_sh I-tmntlitt_,m lt_r
Energy Efficiency (FEWE).

4 The larger models include both two-door refrigerator-freezers and refrigerators with a fro/en food coml_artmcnt.

5 Electricity use by Pohmd's 11 millinn tmuscholds accoul_ted for nearly 30% of It_tal el¢ctl_c_ty sales ill It)g I. [_lcch icily u,,e
by non-farm households accounted for nearly 22t!/,;of total electricity sales; privalc' farllls atcol!IiIc(I I_I al_l_n_\illl,_lcl } ,_lhcr

7%, and the majority of their electricity use is for hml,_ch_ld imrl_scs rather than Iar_l ll'l;iU}lillClV



Poland: Refrigerators and Freezers
1975-1991

Devicesper 100 homes
100

80

60 "- Refrigs& Freezers
+ Refrigerators

40 ................................... -+-Freezers

0 ' f f " i _ .... _- _......._ 'i' _ " f '1 J ' _......._ _ J ....

1975 1978 1981 1984 1987 1991

Source: Polish Central Statistical Office (GUS)

Fig. 1



Table 1. Estimated annual electricity ¢onsumptior_ of appliances in Polish homes
..... _ ..................... _ .................................................................

Device Avg kWh Number Total use

per devicc (millions) (TWhi

Refrigerators -- 11,91 5.41
135-170 1. 410 3.57 1,47

220-240 1. 475 8.34 3.94

Freezers -- 2.27 1.34

50-60 I. 560 1.50 O.84

120-140 1. 650 0.77 0.50

TV sets ,-- 4.80 15.28

Storage water heaters -- 2,00 I. 16

All end uses .... "26,5*

Source: Polish Foundation lot"Energy Eflicicncy, unpublished mlttcrial

Average consumption is based on spot metering of a small sarnplc.

* Refers to thc sum of residential sales and the estirnilted hotlsehold part

of agricultural sales.

As shown in Table 2, Polish production of refriger_tors and freezers has been fairly steady since

1985 at 500-600 thousand per year despilc the sevcre cconomic recession of 1990-91. imports, which
were mainly l'rom the Comecon countries and wcrc equal to domestic produclion in 1985, fell greatly

after the collapse of the Comecon trading slructure. The tlomcstic demand for rclrigerators alld IlCCzers

declined considerably in 199i as the economic situation [orccd collsumcrs to cut hack on cxpclldilurcs.

Table 2. I:'olish production and trade of

relrigeration appliances (ttlousand units)

1985 1989 1991) 1991

Production 578 516 61)6 5n3

Export i45 184 2 !8 18(1

Import 6()() 448 378 15i

Domestic supply !()33 780 76(_ 534

Source: Centred Statistical Oflicc

Based on interviews with Polish manufacturers, FEWE estimates tla_t around two-thirds of the refi'i.

gerators sold in 199! were of tile larger size t22(1-240 liters). For l'rcczcrs, an cslimatcd 38'/;, of 1991

sales were small (50-60 liters) units, 27% were nletliunl-size (1()()-2()0 liters) units, and 3fi';/_,were large
commercial units,
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2. PRODUCTION OF REFRIGERATI()N API'I,IANCES IN P()I.,ANI)

This section provides information about Polar Industry, a state-ownt-d c(mlpany that accounts tot

around two-thirds of toted production of refrigeration appliances in Poland. It is based on discussion with

W. Babiarz, manager of the design deparlmenl and deputy chief designer of Polar, ;.tHdoil a visil I_ Ilw

Polar factory in Wroclaw in July 1992.

Polar started the production of domestic refrigerators and freezers in lt-)5(}_In 197(},the Itacmry was

enlarged to manufacture domestic clothes-washers, Annual production in recent years has been aroundi
250 thousand refrigerators and 100-120 tllousand freezers. Some 15-20% of Iheir refrigeralors ;ire small-

capacity units of the absorption type. Around 40% of their refrigerators and freezers are exported under
the "Sidex" trademark, mostly to Western Europe. Their refrigerators range in size from 13() to 24() liiers.

The 240-liter model has a separate freezer compartment with automatic dclrosl.

The appliances produced by Polar are well behind tile state-of-the-an in Western l!:mmpe and have

not seen signilicant technological improvements in 15 years. The first refrigerators were produced with 'a

license from Gorenje (in R_rmer Yugoslavia). l,itllc tLvliille, Polar developed ils own expertise ,ind nlmlc

various modifications to the initial design. Currently, Polar has its own itiduslrial designs and I_rat.,liccs,

but tile last new product designed enlirely al Polar was ill 1¢,_75.

Althougll Polar has been using polyurelhane Ioam lorillSt|laliOII SillCeIlle It)7(ls, llliIllV Ol IIw ccml-

ponents used in tlmir products are Oulmodcd. Iicrn_elic COtllpressors maillly come Irom a compat_y itl IIw
Iormer East Germany and are rather illelliclenl, Polar also i)urchases holler compressors It'o_ It_i'eign

companies such as Unidade tlermetica (Spain)alld I)alltoss (l)elinlark). hui Ihese are oiilv ilSt'_lill relri-

gerators and freezers intended for expoll. 'l'hey nlake their own door seals,

The visit to Polar's factory made clear lhe very po_r overall quality of the itlduslrial inslallalioll.

The tooling plant has not changed since its IOtllld;lliOll. Working COlldiliOlis SCelll unpleastu_t: old
machine tools, very noisy surmundillgs, _ulddirty tmildings. The phasilig of refrigerator i)roducli(m is

rather old-l'ashioned. The cabinet is buill ill one part of tile t'_uiltlilig. 'l'lle relrigeratiozl unil, ,,vl_icllcotl-

sists of a compressor, an evaporator anti the condenser, is assembled in a_lotl_er. II ix lesled Ior t){I
minutes, and then mounted on the cabinet. This implies Ihal there is a Irap on tile backside of tlw cabinet

to introduce the ewtporator. Even il the trap is covered by tin insulation sllecl, il allows thern_al I_,_sc_,

The sealing around the doors is also not optimized to linlil Ileal gains inside IIic cal_il_el.

The laboratory Ior research and developnleill ;.ICliviIiCS Witsbuilt tit Ille Sdllle lillll2 alStile lilclt}lV, htll

it is now ix_ing redesigned. Measurem,:nt tools, Icsl chanlbers arid olhcr n_ot_ilol'itlg al'_p;.ll'altls,ire quite

old, There is not a single computer in the R&D t3uilding. This is very surprisit_g i_ a rcsc;_rcll lal_t_r_tor_,

alld is all illustration of the h)w investlnellt Cal)ahililics of ll_eco_)_l)a)l)'.

Polar recognizes the need to n_oderni/e, 'l'llc n_aii_i_l't)l'flenlis I,:lckol IlP,)IleV liar Ul'_gr',_tti_giIs pro-

duction capacity, There is a need tO employ iIcv,' techt_logics i_l tile nlallul_.lclUrill_ Im_ccss iIs x_cll as i_1

the products themselves.

Polar is adjusting to the new business environment i_ Polalld. ]:ron/ 7(}()()workers itl It)St), tile

company decreased to 5(XX)workers in 1992, hut there ix slill over-¢n_ph}yn_¢t_t. I'olar is slill slalc

owned, but it now has to make new kinds of slralegic decisions {marketing, product develolmlCnl, new

suppliers, etc,) that it never faced under tile central planning regime. There was _lt_ IlliIl'k¢lillg tllltlcr lilt'

old regime, only production targets. I_'rotluclquality ;andenergy cflicictlCy were u_linlportant. I._vcr>.lhin,e
that could be made could be sold. Now, Polar is hegi_ming to recognize that imprtwi_g prodtlcl tlui_lily IS

necessary, and they are looking more carelully al Ihe le;,lltll'es o1 WCsI¢I'il i_l_t_rts.



Polar faces competition from producers to the East: Sniga (I.i[lmanianl, i)onbass (Russian_ and

Minsk (Belarus) all produce cheap refrigerators thai alC subject to low imlx)rt duties, At the hight2r end ol

the market, they could fact cornpctition from Western products. In addition, their cxlx')rls will soon meet

tougher energy requirements in Western Europe, Mecling the Cl:C-rcductiou targets of lilt2Mol/Itcid [:'ro-

tocol will also require investment.

Because the export market is important to Polar, ils staff is very ir}lcresled ill lhc lulurc ol I:C regu

lation regarding domestic appliances, patlicularly concerning energy labelling and minimum cflicicncy

standards. Many questions were asked on tile technical approach and cm the analysis of energy t2fliclency

standards tOr domestic refrigeration appliances being carried out for the Commission of lhe [;._urol)Cllll

Communities (discussed below), Questions were also asked on tile i||trodt|ction, organisatiorl, comrol_

and certifiuation of energy labelling and efficiency standards , " '

2.1. Energy Efficiency of Polar's Refrigeration Appliances

The test chambers of Polar perform the same It2._l[,m)cct.ttlr¢Ihal is used Ilmmghoul the E(" (lilt' EN

153 non|, which follows the recommendations of Iht2IS()), Thus, it i_ l')ossiblc I()make a |castmably

accurate comparison of the energy cllicicncy of Polish |'t2frigeralors imd I|t2c/t2rs wilh Illosc made ilJ

Western Europe. Polar's electricity use recast|rome|it is made with t21t2¢l|Olllcchal|ieal cotllllcrs ,:llid i_,IItll

as accurate as the one used in Western Eunt_pcatlchambers, but the margit_ ol cm}a in rclalivcly .,,ulall

We analyzed tile technical inl(mnaliot| collcc(ed Irom Polar usillg the ,,an|e I|lcll|odoh_gy a_ ill a
recent study of European rel'rigeralors and ireczcrs performed Ior tile (?olnn_issioll o1 the I:.uropeatl ('onl-

munities. 6 Tile methodology used is in ma|ly aspects similar to the U,S, 1)(}1-.approi|ch as lar as appliance

category definition and use of tile adjuslcd volume inslcad el Ihc IolaJ voltltnc

Under test conditions, the energy COllSulnption of re l'l'igerilliOll appliances dt21_endson Ihc al'_l_lianct'

volume and on the temperature difference betwccl| the surroundiiIgs and lilt inside of the appliance For

devices with more than one compartme||t, Ihc energy consuniplion dope|Iris otl Ihc rclalivc si/c (_1*lilt

refrigerator and frozen Iood compataments. "l'hcrciorc, il is prclcrablc Io use lilt' odjl_stcd vohmzc rather

Ilia| the net volume of tile appliance, To calculate tile adjusted volunlc, it Ct}l'rccliollis |lade Ior 111cI'ela
tive contribution of compartments with tlill'crctlt lenipcralurcs to Ihc Iotal Cllcrgy COl|sUnil')lioll. 'i'llc

adjusted volume is the sum of the volulllCS of Lhccon_l+artmcuts, with cacl+ wciglltctl by tile dillel'CllCe ill

temperature between the interior of Ih¢ ctmlparltllclil ;intl Ihc anlbiCl|l lellll+Cl+a!ut'c iI1 lilt.' Icsl i'utwcdurc

EN153, the ambient temixm_turc is sel at 25"C,.

In the United States, the mininaunl| ellicicncy Stalldard uses the same lypc ol calcul;lliOll Ior ad.jtlsicd

volume, but the values R)r tile weighting cocfliciCl|ls arc tliflcrct+l because bolh tlw allibiClll tc_lx:ratu_c

and the storage temperatures arc dilfcrcnl Ih;,|ll ill EUrope, Tl|is is Ihc Ill,till I'C'dSt')II_Vll3 it is Ilt)l i_>,,,iblc

Io compare the energy efficiency of' Europcall |trill tl S. rcfrJgcr_,|liOll applial|tcs

We assume that tile energy COllSUlllpliOII ol domcslic refrigcraliot| applial|ccs Cilll IlC expressed as a
linear function of the adjusted volume. The use of li_|car eqUaliolls lor t.,llCrgV COllStllllI'}liOll ill I'clilllOIi IO

volume llolds only when applied to well.dclint2d producl categories A lypical Calcgory of refrigcrathm

appliances groups devices that offer a countnon service rellderctl IO the ust2r, l:or example, lhc Sel'ViC¢ rCll-
dered of a t'rozen lood compartnmnt depends otl the tCl_pcralure at wllicl| Irozca 10od is kept, 'i'l_c I.IN15,_

Group fi_t Efficient Appliances (Adtrme/DEA/N()VEM). Study ,m Era'tRy I:./fi_wn,'_ .S'hmdard_ l,,r l),m,'._l,' R_'/t_g,',',_lu,n
Applia_u:es. Perhmm'd for tile t.2omnlissi_n'l of Ihe F.umpcall {.'I:_IIIIIIIIIIilIP_,, I)llt_tqol;Ih' (K'llcral [_t 1:31Clg3 I)1; XVII kla_tl_
I t,)93.
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test procedure identifies refrigeration appliance categories based on the teml'_'rature (_1tile lr()zcll to(_d

compartment (FFC), and prorx)ses a star rating system Io deline appliance calcgories (see t_clowl. 'l'l_c

star rating of the frozen Iood or freezer compartment refers to its ability to maintain a spccilicd lcmpera-

ture and, in the case of a four-star t'reezer, to frecze a certain amount o1 ptotltlct within a 24-hour I)criotl.7

Refrigerators (with or without frozen food compartment) and combined rcfrigcrator-ireezcrs arc pri-
marily devoted to storing fresh foods at a temperature above O°C, Accordillg to tile EN 153 lest prt)ccdt_re,

the storage temperature normally is 5°C, Frcezers (categories Fi and F2)are used to frcczc li_otls alld

store frozen foods at a temperature of. 18°C

It should be noted that in Europe the very iargc majority of the rcl?igeration appliances use natural

convection. Forced convection appliances offering the possibilty el frost-free operalion just entered the

ma ''_--' 5 to 10 years ago, and their market share is still very low, t:rost-frcc appliances are tlol put in a4 _L

separate category but their energy officiollCy is lrt2ille(twith an adjustment factor i|J')plied lit their c_ler_:y
ccnsumption in order to take into accounl IhC extra c(msumption due io ihc l_rost-frce system.

The information on energy consumplioll and w_lumc used in this analysis comes Ironl coJllmcrcial

brochures. Best would have been to get ihc data Item an intlepel ..,ent laboralory, since commercial brt_-

chures are known to present data in a more _ptimistic way The brochures mairdy pl'eSelll IJle __l'OS,_
volumes o1' the companmcnts rather than Ihc ulilizahlc volumes thai illlClCsl us. Tlltls, we cstilllalctl llw

utilizable volume of the cornpartmcnts,

Table 3 gives various statistics on tile refrigeration i|pplialiCts matic by Polar, illcludillg IIw ¢llergy
use reposed in product brochures. From lhese (I;llll we pit)lied Ihe allllu;ll clwrgy use vs, ;|tl.jtlslett volunw

lot units in each applicable category (scc l:igurcs 2 thrt_u_:hn). ('l'he categt_ry R2 rclcrs Io rclrigeralors

with a 2-star FFC; R4 refers to refrigerator-freczcrs,)'l'o provide an addiliollal I'_Oilllel relcrCllC¢, the Iq_-

ures also include appliances manufactured by (;alex, I11¢ main producer ill Ihc lt)nner Czccht_sltwilki_J,

The figures depict how the energy c(msumption of the l'_astcm F.uropcan m()dcls cOnll)_lrcswith tllat o/

similar models produced in the EC. The line with an intlcx value el i,{l()is ohl;lillcd by ;I lillcar regres-

sion on a scatterplot of all models produced in llle E(? ill each category, ('l'hc dalll ;Ire 1)'o111the sludy I()l"
the Commission o1' tile EC cited above, I N_tc t&tt this tim, _h_c,_m_t re!h'_t the tlv_'rttgc ctlcrgv tt,_ct_/'.ll

appliances actually sold in the market, hut rather the tlvertlge t!f.11 _'tmtl_¢lr_d_h'models _m the m_trk_'t

The other lines in the Figures refer t(} COllStlIII['IIi()II levels 111;31;irt.:il _ix,'e/I ilCl'C¢l}l_t_e _ll3t)v¢ ()1'hcl_)\_ 111¢
reference line,

7 The inlerrlal tumt_..ralt_tt:shall Ilol excucd h°C It_r_m J:i.(' _;_tctlx_ill_I _t,!_, 12'_(' it,_ aN J:J:(' _,_lcd_tlh 2 _l:tl,,, ,m_i I_ t
for an FFC rated with 3 or 4 stars,



kWh/year Category R2 : Refrigerator with 2 star FFC
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kWh/year Category R6 : Refrigerator without FFC
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kWll/year Category F1 :Chest Freezers
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kWh/year Category F2 : Upright Freezers
700 - ..... .... .... ..............................

Calex M 180.0
I

= 6000 Calex M 130,1 ... 1,25 ......

Polar TZS 50 D III ...................................

Q" / Polar TZS 100 D ..........................Polar TTZS 140 D .... 1,10 ......
E 500 / Calox M 70 I -.. ........................ . ............

/ ..................... ................ _ 1,00

o 400 _.'"1,1o,,I ......"..............o9o.......
n,i 100 •.......................................................................

!" ....... 0,90 ................... 0,75 ....._. 300 ....................................................
0,75 .......................................

C .... '...... ,...........................................................................................................................................0,55 .......
ILl

_ 200 ..........o,55

I::: 1O0 Calox M 50.5
<

100 I50 200 250 300 350 400
Adjusted Volume (liters)

Figure 8



Table 3. Statistics on Polar refrigeration appliances

Model # Star GEA Total Freezer Energy Produc. Retail

rating cat. volume volume cons. 1991 cost-7/92

(liters) (liters) (kWh/day) (units/yr) ('000 ZI)a

REFRIG. W/FFC

TS 138/136 2 R2 132 16 0.80 60,000 2235
TS 135 2 R2 132 10 0.80 60,000 2235

TS 176 2 R2 176 16 1.04 40,000 2605

TS 137 0 R6 132 0 0.70 5,000 2330

TS 177 0 R6 176 0 0.90 5,000 --

TS 230 2 R2 226 15 1.10 10,000 2880
REFRIG-FREEZER

TS 246 C 4 R4 240 48 1.70 50,000 4120

FREEZERS

TZS 50 D 4 F2 50 48 1,00 5,000 2000
TZS 100 D 4 F2 100 90 1.30 60,000 2780

TZS 140 D 4 F2 140 130 1.30 20,000 3500

TZ 222 RM 4 F 1 210 200 1.50 20,000 3090
i

Source for volume and energy use data is Polar product brochures.

a. The exchange rate in 7/92 was 13,500 Zloty per U.S. dollar.

The relative energy efficiency of the Polar appliances varies among categoJies. For refrigerators

with a 2-star frozen food compartment (FFC), the very small Polar models use slightly less energy than

the EC average, whereas the larger 2-star models use about 10% more. The same applies for rcfl'igcrators

without a FFC (of which relatively few are produced). Polar's 4-star refrigerator/freezer uses roughly

15% more electricity than the EC average.

Based on the estimate cited earlier that around two-tNrds of Polish refrigerator sales arc ol' larger

models, it may be that the relatively-efficient small models are mainly intended for the export market and

may utilize the imported and more efficient compressors. In general, the compressors used for very small

refrigerators are less efficient than those available for larger sizcs, so the models produced in the EC in

the very small sizes (which occupy a tiny share of the EC refrigerator market) are mostly not very

energy-efficient.

For upright freezers, the most popular Polar model (TZS 100D) uses 25% morc than the EC aver-

age, while the other two models use around 10% more. For chest fi'eezers, the Polar model's energy use

is nearly 50% higher than the EC average.

2.2. Potential for Improving Energy Efficiency

The above comparison makes obvious that there is considerable room for improving the energy

efficiency of most of Polar's models. An engineering analysis of the impact of making particular design

changes to Polar's models was beyond the scope of this study. To illustrate the degree of improvement

that can result from introducing various measures, we present results from the study (cited above) that

was done for the Commission of the EC by the Group for Efficient Appliances (GEA). While the study
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refers to the situation in Western Europe, the results illustrate the approximate magnitude of savings theft
I

might be achievable in Poland and elsewhere in Easmm Europe.

The main design options for improving the energy efficiency of refrigerators and Ireczers that arc

technically feasible using today's mass production equipment are: (1) Increased door h,sulation; (2)

Increased cabinet insulation; (3) Increased evaporator surface; (4) Incrcascd condensor surfacc; (5)

Increased evaporator heat capacity; (6) Increased condensor heat capacity; (7) Use of a higher-efliciency

compressor, and (8) Decreased door leakage. Application of these options results in somewhat higher ini-
tial cost in exchange for energy savings over the lifetime of the appliance. The cost-effectiveness of the

options depends on the value of the future energy savings that they bring, which in turn depends on the
price of electricity and the discount rate used.

The GEA estimated the extra cost and energy savings resulting from application of the above meas-
ures relative to baseline models in each appliancc category. 8 Wc modified thc GEA economic analysis by

using the expected residential electricity price in Poland in late 1993, which is about $0.07/kWh Icon-

verted using exchange rate), and by using a 10% rather than a 5% discount rate (rcllecting the greater

opportunity cost of capital in Poland). 9 As shown in Table 4, many of the energy-saving design options in

the R2 refrigerator, R4 refrigerator-freezer, and upright freezer categories (in which the majority oi dev-

ices made in Poland fall) have a simple payback period of less than live years mad a cost of conserved

energy less than $0.07/kWh. 10If we select the most eflicicnt design thai has a payback of five ye_lrs or
less (relative to the baseline model), the annual energy savings would bc 43% for the R2 refrigerator, 32%

tor the R4 refrigerator-freezer, and 37% for the upright freezer. The estimated increase in purch_l.seprice

for these designs (under Western European conditions) is 10%, 8%, and 8%, respcc0vclv.

The baseline models used in the GEA analysis consume slightly less energy than the EC average

shown in Figures 2 through 6, In those categories where the Polar appliances use more energy tlaan the

baseline model, the degree of energy savings resulting from moving to the more efficient design should

be greater than cited above. Lack of information on the technical specifications of thc Polar appliances

precluded us from estimating the degree of improvement that would result lrom application of p_trticular

design options, but there is obviously much scope tt)r reducing energy use,

The economics of making design changes to Polish appliances are more uncertain. Wlicrcas the
additional cost of particular design options can be estimated with reasonable accuracy for Western

Europe, the situation in Poland is less clear. The extra cost of using a more el'licicnt compressor can be

easily determined, but many of the measures to enhance cflicicncy would bc connected witl_ an over,ill

re-tooling of the production facilities. In this situation, calculating the marginal cost of energy-saving

design options is complicated. Even so, the GEA analysis suggests that substantial energy s_vings arc

available for a relatively modest increase in cost.

Some degree of improvement is possible with Polar's existing plant. For example, Polar could use

the more efficient compressors that are currently mounted only on units intended for export on units Ik-_r

the domestic market. Polar is currently working on a new refrigerator-freezer designed to address both

CFC phasing out and improvement in energy el'liciency. We are uncertain as to how much more eflicienl

and costly this unit will be relative to existing models.

8 The additional cost refers to the purchase price; the manufacturer costs were multipled by an estimate of the avcr;igc markup
factor for the refrigerator mad freezer industry.

9 The expected price is from the Polish Ministry of Industry and Trade, as given in materiul provided by FEWE.

10 The cost of conserved energy expresses the annualizcd, discounted incrementtd C;tl_it_llcost t_l"a measure dividc_l by Ihc _m-

nual energy savings.



Table 4. Costs and energy savings for refrigerator and

freezer design options: Western Europe results modified for Poland

Purchase Energy Payback Cost of
price use period conscrved energy

(US$) (kWh/year) (yearsl (US ccnts/kWh)

REFRIGERATOR WITH 2-STAR FFC
0 Basecase model 578 335,3

1 = 0 + Incr, door insul, (+15 mm) 585 299,4 2.2 2,8
2 = 1+ Decreased door leakage 586 293.1 2,3 -_t
3 = 2 + Optimized compressor 599 257.9 3.1 4,t)
4 = 3 + Increased cabinet insul. (+15 mm) 626 204,3 4,3 5,4
5 = 4 + Incr. door insul. (+15 ram) 633 191.4 4.4 5.6
6 = 5 + Increased cabinet insul. (+15 ram) 659 166.4 5,6 7. I

7 = 6 + Doubled evap, heat capacity 673 161.8 6,4 X,I
8 = 7 + Doubled condensor heat capacity 684 159.1) 7,{) 8._

REFRIGERATOR-FREEZER 4-STAR
0 Basecase model 947 591.1
1 = 0 + Incr, door insul. 960 520,2 2,2 2,4

2 = 1 + Improved compressor 967 496.6 2,4 2.7
3 = 2 + Increased door insul, to 35/65 mm 973 481.9 2.8 3, I

4 = 3 + Decreased door leakage 976 475,5 2,9 3,2
5 = 4 + Increased cabinet insul, to 45/65 mm 1000 429.2 3.8 4.2
6 = 5 + Increased cabinet insul, to 60/80 mm 11)24 398.9 4,7 5. I
7 = 6 + Doubled condensor surface 1075 345.0 6.0 t_,c'_

8 = 7 + Doubled condensor heat capacity 1101 321.5 6,6 7.3

9 = 8 + Doubled evaporator surface ! 121 314.2 7.3 8.()
10 = 9 + Doubled evap, heat capacity 1172 298,8 8,9 9.8

UPRIGHT FREEZER
0 Basecase model 697 439.8

1 = 0 + Improved compressor 701) 387.1) 0.6 ().7
2 = 1 + Decreased door leakage 7{)2 376.8 1),8 (),_
3 = 2 + Increased door insul, to 35 mm 706 362,9 1,3 1,5
4 = 3 + Increased cabinet insul, to 45 mm 724 319,8 2,6 2,_
5 = 4 + increased door insul, to 50 mm 728 310.4 2,8 3.(I
6 = 5 + Increased cabinet insul, to 60 mm 74(1 286.1) 3,7 4,(I

7 = 6 + Doubled condensor heat capacity 753 276,4 4,0 4.4

8 = 7 + Doubled evaporator surface 798 246,6 6,1) _.t_
9 = 8 + Doubled condensor surface 846 219.9 7,1) 8.7

Source for cost and energy use data: Group tor Eflicient Appliances, StudyJbr tile Commission of the
European Communities on Energy Efficiency Standards for Domestic Refrigeration Appliances, March 1993.

The cost of conserved energy assumes a 10% real discount rate. The simple payback uses an electricity price
of $0.07 per kWh, Equipment lifetime: R2 refrigerator -- 12 years; Refrigerator-freezer R4 -- 16 years;
Freezer-- 16 years. Basecase model volume (liters): R2 refrigerator -- 169 + 19 (FFC);
Refrigerator-freezer R4 -- 171 + 86; Freezer-- 167,

12



2.3. Potential Energy Savings from Improving Energy Efficiency

Lack of data precludes us from making rnore (han a very rough estimate c_Jtile magniludt,,ol clcctri

city savings that could result from improving the energy cl'licicncy of refrigcralio)) appliancc._n)atle i))
Poland, Apart from the uncertainty as to how much specific consumption (kWh/day) could be reduced

through application of various design options, an irnportant piece of mi_ing information is the vc)lume c)l
sales of various models on the Polish market,

The following exercise uses the Polar data to give a rough indication of the magnitude of potential

electricity savings (see Table 5). First, let us assume that the energy consumption of cach oi the Polar
models is brought down to the EC "average" spcciiic to its product catcgory and adjusted volume (the

solid line in Figures 2-6). Note that the encrgy use of Polar's thrcc small rclrigcrators is already bclow

the EC average, so we assume no savings Ior these models, which together accounted for aboul half ¢_1'

Polar's refrigerator production in 1991. Second, lel us assume that tile prodtlclioli vt)iunlc of tlaese

models is the same as in 1991 (in fact, some change in the market is likcly as the ecomm]y reccwers).

Relative to the old energy consumption levels, the resulting annual electricity savit'lgs would amtmnt Io

18.2 GWh, which is equivalent to tile output ol 3.5 MW of gcncrating capacity opcratit_g at 6()_/_,capacity

factor. Approximately 60% of the overall GWh savings are accounted for by freezers. Not all of the sav-
ings would occur in Poland, however, since some of the appliances arc cxportcd. Although only 6()% of

Polar's production goes to the domestic market, tlic share of energy savings ill the domestic market would

probably be greater, since the exl:x_rted models appear to be nlore el'iicicnt. Note also that Ihes¢ savings

only consider appliances made by Polar, which accoulll for ab_mt two-thirds c_llolal Polish producl it_11.
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Table 5, Electricity savings fi'om improving the energy efliciency

of Polar refrigeration appliances: an iilustratitm

Model # GEA Test energy use Production F.leclricity "
category Polar EC average EC best 1991 savings

(kWh/yr) (kWh/yr) (kWh/yr) tunits/yr) ((;Wh/yr)
A B C

REFRIG. W/FFC

TS i38/136 R2 290 3 It} 250 6t),tX)(} -.

TS 135 R2 290 3(15 250 60,0(1() --

TS 176 R2 380 33{1 245 4{),(XX) 2,iX)
TS 137 R6 255 275 -- 5,{)(It) -.

TS 177 R6 330 2St) -- 5,()(){} 1).25

TS 230 R2 40t1 351) 245 I(),tit)(} I).50
REFRIG-FREEZER

TS 246 C R4 62() 525 375 5(),()fl{) 4.75

FREEZERS

TZ 222 RM F 1 55{) 365 I 6() 2(),()()(_ .:{.7(I

TZS 50 D F2 365 34{) -- 5,{)0() tl. 13

TZS 1(X)D F2 475 38() 255 h(},O(I(I 5.70
TZS 140 D F2 475 415 275 2{),()(1(1 1,20

Source for actual energy use data is Polar brochures. The EC average rclcrs to tile lXfinton the

reference line (1,0) in Figures 2-6 that corresponds to the ;it,tjuslc(l volume ()1the Polar motlel.

Data for EC best were taken from graphs in the (;I-;A study cited in Table 4.
a, If (A-B) is less than zero, savings are zero.

3, P()LICY OPTIONS FOR IMPROVING EFI"I(.'IEN('Y ()1,' REFi{I(;EI{ATit)N APPI,IAN(YES

In the past, Poland's communist government lind st)me regulaiitms with respect to energy e l'liciency

for production of certain appliances, but llley were IlOl slriclly cl_lorced. In recent years, there has been

discussion about instituting energy labelling requircnicnts I'of appliances, but the g(wcrnmcJll ila,, n_l

taken any action, perhaps waiting until the EC determines its own l)r(_cct!urc.s.

In Western Europe, the prospects for Cslablishing an energy labelling scheme and mininiurn

efficiency standards for appliances appear favorable. In }990, tile Nordic countries (Sweden, Norway,

Denmark, and Finland) established a commission of experts (NORDNORM) to prepare tile ground liar

appliance labelling and minimum efficiency standards. The Commission of the EC is planning to insti-

tute energy labelling for refrigerators and I'reezcrs in 1993. Minimum cfliciency standards, based (_nthe
GEA study cited above, may follow.

While imports from the EC countries play only a small role in tile Polish markel lor ITIOSl major

appliances, actions taken by the EC will have a signiiicant lint)act on Polish appliance pr(xlucti(m, since

the EC market is important 1o Polar. Unlc:_s Polar Inakes improvements in energy cllicicllcy, calcrgy

labelling could hurt sales in the EC somewhat, sitlce it would indicate the relatively low efliciency o1

their appliances (depending on which models it c×ports). Minimunl clliciency standards could I'_t_sLa

14



more serious problem. The ability of Polar to meet Ihe EC's cl/iclcncy _tandards may dcl)cnd oll whethero

they are able to attract the capital Jnvt2stlnenl nccdcd Io tnodcrmzc their appliallc¢ pr(_ducli()_l, If they
succeed in such modernization, some lccllnical improvemcl_ts would ulldouhlcdly bc iNc:oq)oraled i11

, models for the domestic market as well as the export market, although tile domestic models w(_ul(l prob- J

ably not be as energy-efficient as the export m()dcls duc to the need to maintain iowcr prices iN orttcr Io
sell in the domestic market.

Once EC labelling requirements are established, it would be a simple matter for the Polistl govern-
ment to mandate such labels for appliances sold in Poland, Ilow such requirements would allcol the

appliances Imported from the former Soviet Union is uncertain; it would be necessary to ascertain
whether the manufacturers in these countries arc following the appropriate testing procedures, II is likely
that these manufacturers would also want to exlx_rt to the EC markel and would Ihus conll_nn I() Ihc prt,.

cedures adopted by the EC,

Whether energy labelling would have much aITcct in moving the i'olish market toward higher

energy efficiency is uncertain, Studies of ihc impact of appliance energy labelling itl North Aincrica,
where it has been required for many years, suggest Ilia,it lahelling has a relatively small ellL'cl on ct}nsunlcr

decision-making.It In part, this retlects the lack of emphasis tliat retai!crs have placed on labels, l.abcl_

ling may stimulate design changes by Irlanulaclurcrs c()l]ceil_ed Ih_il Ihc po()_ colnp;,|ralivc I}eI'l(_vI!l_lllcc_1

their products could negatively alfccl Iheir rcputali()n.

If it wished to have a greater elTcct on appliance clliciel_cy, the Polish gOVCl'lllllelll could csl_lhli._h

minimum efficiency standards based on the EC procedures, (liven lhc diflcrcnces ill Ihc I'olisll market

(including lower electricity prices), these sland;,|rtls would prob_d_ly be less slringcl_t than Ih(._scth_ll may

Ix: adopted in the EC. Over ttle longer run, Polalld nlighl Wiillt tO Iilt)VCtow;lrd the I_(" st;,tlldards, sillce il
seeks membership in the EC, but it would be desirable Io dClel'lnille the cl/ici¢llcy levels IIlal are IIIOM

benelicial for the Polish situation, Adoption o[ tile i._Ctesting alld lat_llillg procedures by I'olalld _t)tlltl

make it simple to exclude from the market those appliances thai did nol n_et:ta givc_ standard

In considering minimum eflicicncy slandards, the Polish g(wcrilnlclll must lake acc()u_l ()1llle _cctl

for considerable capital investment to modernize appliance pl'(_ducli(_l_.It _ltlSl als() bc;,ll iii Milkl Ih;,ll

most Polish consumers arc very sensitive 1o Ihc initial cost ot an appliallce, ()1] tile otl_c_ Ilal_tl, ill(_iu
eflicient appliances will help consumers by mitigaling Ihclr ilsk fronl rlsi_g electricity price.,,, Mal_y

energy-saving measures can be incorporated at _'clativcly low cosl, prtwitletl Ihc capilal illvcsln_e_t lot
re-tooling can be spread over a large enough production, In this context, minilutm_ cllicicllcy slal_tl;,lrds

could help in reducing the risk associaled with investment ill motlen_izil_g al_plianco i_'otluclit,_ b,,

guaranteeing a domestic market lot the impl'ovcd nlotlcls. (liven Ihc size o/the Polish n_arkct, ill_tlthe

considerable potential l'or replacement of existing ;q_pli_nccs an the ecol_otuy recover,,,, such ii gll;ll;llltec

could prove attractive to foreign compa_}ics COllsidcl'i_l_ilIVCSlIII¢Iil ill i"(_l;tlltl, Such illVCSllllk'lllx_t_tlltl

bring tx_th capital and technical expertise.

Minimum el'liciency standards would clilnil_atc Ihc Ic_st cnergy-c/llcienl al)pliit_lccs Ii'{_l_lIIic

market, but would not necessarily encour_ge rl|anulaclUl'C:'S to go very fill' 13cy()ndthe slalid;,tld, If IIle

standard is relatively weak, the incorporation of additional cncrgy-savii_g tlcsigll _apti()l_si_ likt, i) it_ I_c

cost-effective from a societal perspective.

Programs conducted by electric utililics IO c_cour;,lge e_tl-use cllicicl_cy ct_tlld pl;ty ;m illq_ollalll

role in stimulating consumer interest in more el]iciClll Inotlels, I'r,,granis Ih;)l i)_y _ rt,'.bill¢ It) Ctlsl/)IIICIS

. who purchase energy-efficient nlodels have pit)vcli pt)pular ;,llld succcsslul ill Ihc I_.S I'l(wl_lil_

ii Marbek Resource Consultants, "Survey of Apt_liailte l,_dwlllllg I_,g_iH,,, ()ll_lWil, ('_llli!_l;I, Iklmt'h Iqq()
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incentives to appliance retailers to promote high-cllicicncy models is _lnothcr option used by some U.S.

utilities. An alternate approach that is simpler to administer involves directly subsidizing the price _1

more efficient models through payments to the manufacturers fuse of this !:,ethod in Poland could raise

questions of fairness with respect to Ioreign manufacturers). Any utility payments to encourage appliance

etliciency must be evaluated in the larger context of utility involven_ent in demand-side managctnent
(DSM). Preliminary. work towards creation of all integrated resource planning Iraniework in which the

range of DSM options can be analyzed is now undcr_ ay Ik_rthe Polish power sector. 12

A final approach that bears consideration is for the government to encourage large housing corn-

pastes that purchase appliances tn bulk to purchase hJgh-cfllcJency models, _i_,-_providing a inarkcl I¢_r

producers, The government could provide credible infon'natioil showing th¢ cost savings of these lnodels.

This approach has been fostered in Swedetl. 13 Fin_incial support for the purchase of the high-cl'liciency
models could potentially come from utilities as part of I)SM activities, Such a prt_gratll migl_l _ll_t_be
supported with funds from the UNDP/World Bank Global Environmental Facility,

4. CONCLUSIt)N

The energy c!'ficiency of refrigeration al_plhmces I_rotttlcCd ill Poland IOf tiolllCslic sltle is stibslall ._
_t_sl.t:llt t ll_.t'llt_ss t_l Valitially lower than the average for similar models made il] Wcslern FtJropc, 'l'ht_ .... ", '',' '

ous design options for increasing energy clliciency is unccrlain, hut it appe_lrs likely Ihat considerable

improvement would be ecotlomic from +tsociet_d I+¢rslX;Clivc.()vet lisle, sucll i_lll}r'ovel]_clflcould hltv¢ +t
substantial impact on electricity generation rcquirclllClilS, and, along with olhcr clcclricii3 ctitl.tlSC

efficiency measures, defer the need to buihl new i+_wcr plallls or allt_w It+t+lilt ch+sillg t_l Ihc Ill_l,,I I_c_llul +

intl coal-Iired power plants.

The l'acilities ol" tile main Polish iI|al|tllat:lurcr t_! i'c[rigcralJt_ll apt_li_nccs arc ill gl'C;,ll Ilcctl t_l

modernization or perh=_pseven reph_cemcnt with a =_cw!actory, It will prol_ably require much ¢;tl_il_l
investtnent, most likely l'rom a Western appliance c¢_ml_i|ny,to i_rotlucc aI_plianccs ol hilgtlcr tluitlily ;it,ll
efliciency than the current models, !mprovemc_}l in clliciellt!), will bc llCCcSSill'},il Ihc Ct)llll)illl.'_' i'_ It_ Ct)ll

tinue to export to Western Europe, which is r_rtff_alflycsSClllial Ill its vial_ilily.

Government Ix_licies and utility energy el licictlcy i_rograms c_uhl help It_build a ii|lllkcl 1i11'iiitll¢
efficient applhmces in Poland, and thereby reduce Illc risk of invcsllllClll ill ilew t_lt_thlclioli cal_ilcll_. Tht'

impending introduction of a testing and labelling schctnc Jl_ Wcslcn_ l'_uroi_cwill provide a hil._l_Iof

labelling i!l Poland, as well as for naininlutn ellicicncy slandards, A realistic al'_l_laisalof tile jlIVCMllltrlII

needs of the Polish companies is required. The t'_uloi_e;,ll|l_lallk ior I,Ict:onslruclioll illltl l)cv¢l_l'_ll|t,ttl t_l'

tile International Finance Corporation couh! pla_ ,_ rt_lc in lilllu_ci0_gi_l'iV',ll¢ill\'t.'Sllllt'lll III lilt' I'_li,,l_

appliance industry,

A more in.depth analysis of the design options avaJlilt_lcio I_oli.,,l_tnaltulacltll_ers, cxillllllllllg Ihcll
energy savings and _tential cost in full productiOll, would lacililille Ihc dcveh_l'_f_lcnlof apl_rt_prialc j_,ili.

ties and programs, Support Ior such analysis, w!lich illttsl be c(_ntluclcd ct_llilbtu'illivcly wifl_ tlw I'_li,,,h
companies, should be a higl! priority for tecllnicai assistance.

12 D, Wolcott, J, Dybowski, a_ItlE, tlille, "llnplcmt_ntmg tlL,illitl|tl _,ltle Illitllilgelll¢l|l thmugJt inlt,_rillcd lt'Stlltlt'C i_lannmg tll
Pohlnd," The Energy E_ciency Challetlgt: for Eur,,tw, l_r,.','cdmg _ ,q the / OU3li'( 'l'l:'l: S'.,,.,.'. Stutt_ {.It|lit' I _, t_|ll|g.l_'_lgilld,
Denmark).

13 tl. Nils:,on, "Market transh_nnation by ¿echrtoh_gy t_lOtltlr¢ll|t'ltl illltl tlt.rlllt_ll_tl_tllttll," Pr,,_ ,'l'dttll,'_ el/111,' ,'l/ "/:'[?1' /|)1)? _'t,t,t

met Study on Energy Effll'ietlC'y ill lluihlings, VI_I, t_, \Vilsllttiglt_lt, I)(' AIIWlit'illl ('t_tlllt II I_r ,_n l_llt'lg} [;_llitit'lll I!t'l!tlt,ll_,






