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Cleaner Production
SME Case Study

FURNACE EFFICIENCY IMPROVEMENT TO REDUCE
ENERGY CONSUMPTION AND EMISSIONS
ALUMINIUM FOUNDRIES, MITT GHAMR, DAKAHLEYA, EGYPT

Introduction

Generally, Micro, Small, Medium Enterprises (MSME’s) in the
aluminium foundries use locally made melting furnaces or
smelters. These smelters are typically of 0.2 to 0.3 ton capacities.
Most MSME’s do not have experience in operating and
maintaining aluminium melting furnaces at optimum efficiency.
Consequently, the fuel consumption at such furnaces is high and
air and heat emissions from the smelter cause significant
workspace and neighbourhood impacts. In addition, improper
operation of the furnaces can be a safety risk to the workers.

In order to demonstrate economic and environmental benefits of
furnace tune up, a Furnace Efficiency Improvement Programme
(FEIP) was launched at Mitt Ghamr. This programme was
operated in cooperation with the Aluminium Association. Under
the FEIP, furnace tune up was implemented across 9 foundries.
These tune ups showed that average payback was less than 4
months and there was a reduction in the emissions to the
environment. At one of the foundries, the existing furnace was
replaced with a furnace of new design. For the investment made
on new furnace, a payback of only 3 months was estimated.
Besides, new furnace led to improvement of the melting process
and consequently the improvement in the final product quality.

Factories participating in FEIP

The foundries participating in the FEIP belonged to Mitt Ghamr.
Mitt Ghamr city located in Dakahleya Governorate has around 23
working aluminium foundries and around 7
factories under construction. From the 23 operating
facilities around 7 are having forming process but
all of them have at least 2 melting furnaces with
one annealing furnace. Most of these melting
furnaces use LPG as fuel while Solar (fuel #2) is
mainly used for annealing furnace. Air from these
furnaces contains polluting gases arising from
lower efficiency operation as well as boor
combustion operations. This leads to complaints
from the neighbourhood residential community as
well as workers. The production process in an
aluminium foundry is carried out in 6 main steps
namely 1) Scrap melting, 2) Moulding the melt, 3)
Rolling the moulded metal, 4) Annealing the
plates, 5) Cutting the plates into discs, and 6)
Final shaping.

Cleaner Production Opportunities

Cleaner production interventions focused on tuning
of the furnaces to raise combustion efficiency,

The installed smelter before
installing the hood

reduce fuel consumption and lower emissions to air. Where tuning
was found not very effective, replacement of the existing furnace
by a furnace with new design was considered to be a practical
option.

Cleaner Production Implementation

Tuning of the furnace

A meeting was held at the cooperate association of the aluminium
foundries in Mitt Ghamr. This meeting introduced the tuning up
programme and explained the economic and environmental
benefits.

Baseline assessment of the smelter furnace was carried out that
included evaluation of the existing combustion efficiency,
recording of fuel consumption and analysis of emissions from
stacks. Emissions were analyzed for key parameters such as
sulphur dioxide  (SO,, ) carbon monoxide (CO), carbon dioxide
(CO,) and nitrogen oxides (NOx) using ENRAC 2000 or LNAD
make gas analyzers.

Tune up consisted of adjusting air to fuel ratio, cleaning of the
burners. The first step was to perform a gas analysis for the
combustion gases. If the analysis results is within law number 4
no tuning is required. On the other hand if the analysis results is
above the norms mentioned in the law a tuning process is
conducted and the analysis of the combustion gases after tuning
is repeated. The process of tuning is repeated until the
combustion gas analysis lies within the law norms.

Assessment of furnaces after tune up included
evaluation of combustion efficiency, recording of
fuel consumption and analysis of emissions
from stacks. The furnace engineers/ operators
at the factories were provided with hands-on
training on how to do furnace tune up by
themselves. Typically, assessment, tune up
operations and hands-on training were
performed over a day.

Installation of smelter with new design

At El-Mohandes Company for Aluminium, a
new closed indirect flamed smelter was
designed of the same capacity to replace the
open smelters. The design was done to
accommodate all types of scraps. The smelter
was equipped with a burner, chimney, and
hood. The burner was located in the tangential
position to the combustion chamber in order to
allow the flame to enter with a swirling motion
away from the crucible. This facilitated better

SEHAM: Programme.



MSME Melting furnace Type of fuel | Excess air % SOx (mg/m?) CO (mg/m?)* Fuel
capacity (tons/hr) & USED consumption
number of furnaces tons/year

Environmental Limit (as per Law 4/1994) |  —— | | e 4,000 500 | @ -

Before | After | Before | After | Before | After | Before | After
tune up | tune up | tune up | tune up | tune up | tune up | tune up | tune up

El-Baraka Company for Melting Metals 0.3 (3) LPG 0.0 4.2 0.0 0.0 Over | 636.25 120 115

2000
Technical Factory for Aluminum Melting & 0.6 (4) LPG 0.0 8.5 0.0 0.0 4,190 | 2,994 155 143
Rolling
Teba Company for Aluminum and Metals 0.625 (4) LPG 0.6 6.2 9 29 12,500 | 369 112.2 | 106.3
The Golden Cup Company 0.16 (2) LPG 0.0 7 6 29 12,331 | 7,409 | 110.5 | 103.2
Nile Company for Aluminum 0.19 (3) LPG 0.0 10.0 0.0 0.0 Over Over | 109.3 99.3
2000 | 2000

El-Mohandes Company for Aluminum 0.188 (2) LPG 0.9 12.5 0.0 0.0 4,424 775 115 103

Hafez El-Kelway Company 0.15 (1) LPG 1.3 12.3 0.0 0.0 Over Over 88 79.4
2000 | 2000

El-Abd for Aluminum foundry 0.14 (4) Fuel #2 3 13.6 826.5 | 391.5 | 2,701 | 1,304 92.5 83.5

Salah El-Kassas Factory 0.125 (1) Fuel #2 4 18 1,334 899 Over Over | 101.25 | 86.4
2000 | 2000

El-Baraka Company for Melting Metals 3.2 (1) Annealing Fuel #2 6.1 15 52.2 43.5 Over 650 104 96
2000

El-Mohandes Company for Aluminum 0.188 LPG 92 10 133 45

(New Smelter)

* Reduction in CO emissions has not been very consistent due to the very poor design of the melting furnace

combustion and heating process as well as less damage to the
crucible and less maintenance of the smelter.

The combustion chamber was located between the crucible and
outer casing. At the end of the combustion chamber, all exhaust
gases were sent through the chimney. The chimney was designed
to allow air entrainment through four rectangular slots at the
entrance to dilute and control the exhaust gases before going to
the atmosphere. The crucible was covered with an insulated
cover, to decrease the heat loss and the material’'s emissions
(particulate matter). In addition, the smelter was covered with a
hood to collect any emissions and exhaust gasses to the ambient
in order to protect the working environment.

The new smelter resulted in a decrease in slag formation by 3%
giving a financial benefit of LE 108,000. Also, the smelter life time
is increased by 50% resulted in a benefit of LE 25,000. The
maintenance duration is also increased by 200% with a financial
benefit of LE 8,000.

Cleaner Production Pays
The results of furnace tune-up are shown in the table above.

It may be observed that furnace tune up led to a reduction in fuel
consumption by 4 to 15%. Major reduction in fuel consumption
was however obtained when old furnace was replaced with new
design. The total investment cost of the tune up at 9 foundries was
LE 15,000 with an annual fuel savings of LE 47,400. The payback
period thus worked out to only 4 months. On the other hand the
replacement of the smelter at Reda EI-Shaaer foundry cost LE
35,000 with a total annual saving of LE 141,000 which worked out
a payback period of only 3 months.

More Information
Further information can be obtained from the Egyptian

Environmental Affairs Agency. Additional Community
Environmental Project information can be downloaded from the
SEAM website http.//www.seamegypt.org.
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SEAM Programme

Egyptian Environmental Affairs Agency

30 Misr Helwan Agriculture Road, Maadi, Cairo.
Tel: (+202) 5259648, Fax: (+202) 5246162

Eng. Rada Ali Abd El-Gouaad EI-Shaaer
El-Mohandes Company for Aluminium
Mitt Ghamr, Galal Street

Tel (+2050) 691 8860

August 2004

SEAM Programme

Support for Environmental Assessment and Management (SEAM) is a multi-disciplinary
environmental programme funded by the UK Department for International
Development and implemented in Egypt by the Ministry of State for Environmental
Affairs, Egyptian Environmental Affairs Agency, Entec UK Limited and ERM.

SEAM: Cleaner Production

= Small to Medium Size Enterprises (SMEs): SEAM has undertaken over 100
rapid Cleaner Production Opportunity Assessments (CPOA) in SMEs and
implemented 30 demonstration projects.

m Medium to Large firms: SEAM has carried out industrial audits in 32 factories in the
textiles, food and oil and soap sectors and implemented 23 demonstration projects.

m Guidelines for conducting CPOAs, case studies, guidance manuals and
sector assessments are available from the SEAM website.

Benefits of Cleaner Production

m Cleaner production assessments systematically review the factory’s operations
and processes, focusing on reducing wastage, improving efficiency and
reducing pollution.

m It can REDUCE: production costs, losses of valuable raw materials, on site
treatment costs, energy and water costs, the volume of solid and liquid
waste generated, and the risk of spills and accidents.

= ....and IMPROVE: productivity, income from financial savings and reuse of
waste, employee safety, legislative compliance and company image.

a3l Mgl | oS wnST Ul | eI wanS S| () st el sedl 95351l g 55 el 058 R s yially & suicall oile g ol
(ple/ob) (p/pie) (" /pis) pasiuall | o13Y0 sae f(aclu /ob)
- o~ ¢ — —— — (& olall) Ll s gaall
an | a8 an J3 Ay J3 any J3
Loall| beall | beall | beall | beall | kel | kel | sl
VVo | AYe (Y Yo | Geb . . £,y Jladl 5L (¥) -.¥ R ESN VIPN - C WLt
Yo
VEY | Voo Ya4e | V4. . . Ao JUaadl 5L (¢) + 1 oo sl AL 50 gl Lual A5
VLY oVYY Y14 | \vo-.- Y. 8 1Y A JUaall 5L (¢) +.Avo oolaall 5 asaia 10U Toals 355
VSYLY [ NYe 0 [ VESR | AYYYY YA 1 v Jlall 5L (¥) +. M el LulINag
A4Y [ VA | G 38 . . \e JUaall 5L (¥) . va asaia sl Jill 3,5
Yeoo | ¥
Vv [ Ao YV, o | t8Yt . . \Y,0 . Jlaall 301 (Y) * . NAA poio s Luiqall 1S5
va, ¢ AA B39 359 . . \YLY \Y Jladl 5L (V) <, ve I Lasla 2S5
Yooo Yooo
AY,0| A4y, AYeE | YVey | YAy e | AYR 0 | AYA Y SY g (¢) +, V¢ p oo oI W waall elies
AVE NN Yo | Ggb 38 AdQ \YYE \A ¢ Y g (V) <, \Yo ooladll #3s 4S50
Yeoo | ¥
AN Vet \o- 338 A oy, Y \o T Y g sead3 0,8 (V) VY Solaall Heal 35,400 385
Yooo
§o Y \e ay Jlaall 5L ©VAA (st & all) o sia 10U uigall 2S5

el 51,8 Y Ll o Lapacatl] Tayts Lo 5y anaaST Jol o Blasil b o lass Yl o al !

pae ebin

Al 5558 Sl

solaally el Olsla peme Gob Y

(+Y+Y) oYENNAY LuSLa o (+Y+Y) 0YORTNEA 1 5ls

selidhalsallwe e Ls,) Guaigall
porio s Gusigall 2S5

o golis st e
(+Y+0)NAVAAY o

Yot Gulaadl

e

LS Lo ey Slaa¥l sante Loy ol s () Lkl 51y wssiil aes ealing

O L gl 3,135 IS cyo B pall yums Ly pgan 5 kel aly g Lol gl Zgaitl) Loy 5ol

al o sl Tilng pall o) 3 55 o ol 3V, Ll ¢y g 3lgm Ll

SN -C\:uj\ g

Tl yu BLo Gyo SIS0 sl ass ol s L8 ((SMES) Baws siall 3 5uiall Lol m
T ially 5 uiuall oleliall ¢ Usil (CPOA) Galss¥l £ LY ol s psals
) (golin] gostee ¥ (s Bkl a3 035

YY lsal Lelin olaalye ehals pra goline als 5,0l Lo giall oliiall o
(goli) g gste V¥ Gaakss o5 L€ oy salially o gl 03 Y1y sl olellad 3 s

‘*L,lﬁygm,wd.ymﬁu@u%wfg;}l@ﬂnwwb&myuusq "
e liall o lelUadll 485 5 Ayl Uof lall sl o (B £ Y a0

Y LY e slgd

olalaall mlw L,t:,ul Lol 3y guny Nm sy Cu.u oay ‘m; u,d S om

eul sl 3 Gl Y Slas Jalss gy G Y La i g
olalaall aan Gl slaall @il B adgall 3 LY BT Aol
alsally LYl jhlaa ulyiall Lslully Lulall

Sl il Lot Jaall B Y1 o M 033 BV £ Y1 L gl 65 m
oliadl 5550 (il 58 po 331531 Jlaadl Lodls colilaall alustul sulels

ady Lasall s e Blaadl alhle £ oa oty 3LV 8,8 Ll oy
Tayye olats Lagyl Ma oo elga Jsaal pawd cuay Liaaall pracal a3
.A:QJGAJ\A";I\}@_UGJJAJIJ&QBLQH«_A:\AAJJ‘ASAJJ.‘R_\AAA"';J:—GJ—LC
ULl phay S5l oyl el Jole elbasy 050l edas 955 a3
ORI w535 a3 ells I BLAYL (Lsull slisall) [ seeadl o saial¥l
oo Lpaies BLanYl ol asle ol olladl ) panl ol Gsb Lany
oAl ilay Jasdl a7 ,al

3153 M sl Lao 7Y Gy il 055 o3 ) waall jeall 058 sl
el a0 el ;38 el ol LaS Ly g gt Vo AL+ o o Lalaie LLs
Lgain YO, o oo Lajlaise goal iutls suslal ool lia 570 Lpwiy
Ul Las 7Y% Luaiy Bluall Jasd Lae3l 55000 30l ) 23LaYL,
Lewin A, o Lalaie g al 3L 33l

LAY 2 LY ol Lalie
sia dun chlually a3 @l OlaY1 s il Laals Juall Jia
ORI lasd Balae o Ba bl 5 SOl way waall 0 all IS g Tl
oaiall Sy AV 0—E G rolyia wsdsll il 5 Lass Lgie g
el a3y panll apaatll 53 Il apadll sgaall &8 Jlasil Lo <Y
e Lgia Vo o v Laplais oY) by Lalall ol laiiwy) el
oL Lley Lgia £V, 60+ s,luie uydsll &Mgiul 5 Lt 1usss Ly
elS oal Lals foy his el Lyl o8 YLl Lol alsil 5538
(pswie s Ganigall) elill Lis, clius wie jgeall ()5 saads oy laiil
a8 dale g Lgaia VEY 000 o plale (goim wile po Lgpia YO 0 0 v o HuSs

BTISVE-A L Y (O I FRRTRY R P 1

Slaglaall il ylaa
olaglas e ol (a5 Al 535 Sl o olaglaall (o wye e Jgaall (Ko

(o gl alall Bsall o il 3, luay Lkl wle gpiuall Joa duila)
http://www.seamegypt.org

o




