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EHEDG Update 

The European Hygienic Equipment Design Group (EHEDG) is 

an independent consort ium formed to develop guidelines and 

test methods for the safe and hygienic processing of food, and 

includes representahves from research institt~les, the food 

industry, equipment manufacturers and government organiz- 

ations in Europe*. This is the 11th in a series of  articles fea- 

turing the EHEDG to be published in Trends in Food Science 

& Technology. In a previous paper ~ the general criteria for 

hygienic equipment design were explained. The Design 

Principles subgroup of  the EHEDG has subsequently pro- 

duced further guidelines, summarized here, giving examples 

of how to apply the design criteria to equipment intended Ior 

use in closed plants. 

This paper describes methods ef  construction and fabri- 
cation illustrating how hygienic design criteria cao be 
met in closed process equipment. Examples are given to 
show how to avoid crevices, shadow zones and areas 
with stagnating product, and how to connect and pos- 
ition equipment in a process !ine to ensure unhampered 
cleaning in-place and draining. Auention is dra,:,,, to 
ways of preventing problems with -oints, which might 

'Readers requiring further informalion on the EHEDG a:~" relerred to Trends 
in Food Science t~. Technologk ?1992) Vol. 3(I 1 (, p. 277. 

Hygienic design of closed 
equipment for the 
processing of liquid food 

otherwise cause leakage or contamination of product 
with microorganisms or even with pieces of degraded 
elastomeric material. 

joints and seals 
It is strongly recommended that joints are avoided 

where possible. For piping, bending of the pipe is highly 
preferable over the use of prefabricated bends with coup- 
lings. If pipe bending is not possible, welding is the pre- 
ferred me'.ho,.:l, provided that the welding is dooe cor- 
rectly, to ensure a smooth and continuous weld-'. Where 
detachable joints are necessary, they should be sealed 
b3, elastomers. 

Compression of elastomers 
Overcompression of elastomers may affect the hy- 

gienic characteristics of  equipment in two ways. 
Firstly, overcompression may lead to destruction of 

the elastom~r, particularly if the overcompressed elas- 
tomer is heated (such as during pasteurization or steril- 
ization). The elastomer may become brittle and fali to 
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provide the required seal, whi!c parlx of the elastomer 
inky coutamina!e the product. Secondly. overcom- 
pression may lead to protrusion of the elastc, mer into the 
equipment, thereby hampering cleaning and draining. 

Undereompression too ir highly undesirable as it may 
lead to crevices and fail to provide a reliable seal Even 
when it is not visibly leaking, the seal may permit tl.e 
ingress of microorganisms. 

Self-evidently, not only the dimensions of the metal 
components, but also those c~f the gasket must be cor- 
rect, ensuring adequate compression at the product side, 
taking into account differences in thermal expansion 
under all operation conditions i':leaning, pasteurization 
or sterilb!ation, and processing). 

Misa l ignment  
Improper alignment may also result in inadequate 

cleaning attd redttce6 drainabiiity. Many designs of 
joints (e.g. traditional flange connection~, or the coupling 
according to DIN 11851) do not control compression of 
the gasket and automatically result in misal]gnment. In 
such cases the design incorporates relatively large clear- 
ances, intended to facilitate assembly. Both alignment 
and compression of the gasket can be controlled by the use 
of an q-line" coupling. The teatures that make the design 
hygienic can also be applied to flange connections. 

O-rings 
Installations containing conventionally designed O- 

ring seals invariably create crevices that are impossible 
to clean in-place. Further, it is diflicult 1o inactivate 
microorganisms present in conventional O-ring seals, 
as elastomers have significantly higher thermal ex- 
pansion coefficients than ~,teel (e.g. that of rubber is 
~200x 10 ~VK while that of steel is - 1 6 x  10 ~'/KI: 
therefore, when heating equipment with O-ring seals, 
the expanding O-ring will cover an increasingly large 
surface of  steel, protecting microorganisms trapped 
between the O-ring and the steel ,mrface against contact 
with the hot water, chemical solution or steam used for 
e!e~ming (Fig. la). After cooling down and shrinkage of 
the O-ring, the surviw)rs will be freed and will infect the 
product that will fill the gap at the start of productionL 

la) 

Heating Cool ing 

--I------11- . . . . . .  
1 ~ ~ f  . . . . .  ' ~ P l e c t r o d e  

\ / 

Fig. 
(al O-rings made from elastomers may protect microorganisms 

against contact with hot water or steam as a result of differences in 
tllermal expansion (scale exaggeratedL (b) Acceptable uses of 

O-rings in a pipe coupling (leftl and a pH electrode fitting (right). 

ensure bacteria tightness but avoid destruction of the 
elastomer during heating. 

Metal-to-me,'al joints 
Metal-to-metal joints (other than welds) seal as a 

result of the de, formation of the contacting metal sur- 
faces. The resul~ is permanent damage to these surfaces, 
which makes it more difficult to obtain a tigh', seal alter 
every disconnection. Even when these joints are not vis- 
ibly leaking, the ingress of microorganisms is possible. 
Further, the seal obtained is very unlikely to be at the 
product side: ulore likely, the actual seal follows an 
irregular ]inc between the inside and outside. The result- 
in~ annular crevice will trap product. Therefore, metal- 
to-metal joints must not be used in a hygienic plant. 

Note that although the seal contact surface will usually Dynamic seals 
reach the correct temperature during treai~ueid with Care must be taken that dynamic seals do not only 
hot water or steam, the water activity (a,,I will be too seal, but that their construction can be cleaned as well. 
low for the destruction of many microorganisms at the 
temperature and time applied, which will have been 
chosen on the basis ofa~ = 1 (see Pfcifer, J., PhD thesis, 
Technischen Universittit Mttnchen, Germany, 19921. 

O-rings can be acceptable from a hygienic point of 
view if mounted in a way that ensures that the area of 
steel covered by the rubber at the product side is not 
influenced by thermal expansion. Exarnples of accept- 
able applications are shown in Fig. lb. Because of the 
volume of the elastomer, its virtually complete enclose- 
mcnt al~d the differences in expansion between elas- 
lomer and steel, lorces inside the elastomer may be high 
and ntay result in accelerated ageing, so that periodic 
rcplacemcnt may be reuuired. Metallic stops should 

The narrow annular space which is usually lbund at 
the product side in the proximity of the seal must be 
avoided. The space around the seal should be as wide as 
possible. Single dynamic seals will not prevent the 
passage of microorganisms. Equipment with single 
dynamic seals, if properly designed, will be hygienic, 
but not aseptic. 

Bacteria t!ghtness 
For aseptic equipment bacteria tightness is an ad- 

ditional requirement. For static seals, elastomers should 
be used, as discussed above. The materials should be 
resilient enough to guarantee an adequate seal under all 
process conditions. Consequently, attention must be 
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given to the thermal expansion in relation to both the 
maximum temperature (e.g. during pasteurization or 
sterilization) and minimum temperature (e.g. during the 
manufacture of ice cream). 

Materials that have insufficient resilience and which 
expand to a different extent than stainless steel, such 
as polytetrafluoroethylene (expansion coefficient of  
- IOOx IO++'/K), may change shape as a result of  heating, 
resulting in the material not providing a tight seal 
anymore after cooling down. 

Dynamic seals should be avoided in aseptic equip- 
ment. This may be achieved by using bellows or 
diaphragms that separate the seal from the product side. 
Where that is not possible (e.g. in the case of rotary 
seals), double seals must be used. The space between 
the seals must be flushed with either an antimicrobial 
fluid (such as .hot water, steam or a solution of an 
antimicrobial chemical) or with sterile water, to simply 
flush away microorganisms that enter the :apace between 
the seals. Which flushing fluid should be used will 
depend on product requirements. 

To avoid the transfer of  microorganisms from the out- 
side of the equipment to the inside, the distance between 
the two seals must always be greater than the stroke of 
the reciprocating shaft, to ensure a sufficiently long 
exposure to the amtimicrobial fluid. It should be re- 
alized that rotating shafts too often exhibit some axial 
mobility and hence assist the penetration of micro- 
organisms. 

Drainability 
Care must be taken that any closed process line can be 

fully drained. Piping should slope 3 ° towards draining 
points. Even smooth constructions may hamper drain- 
ing, This is illustrated in Fig. 2a, which shows connec- 
tions between pipes of  different diameters. Although for 
vertical piping a concentric reducer is fully acceptable, 
this is not so for horizontal piping, where a concentric 
reducer would affect drainability. For horizontal piping 
an eccentric reducer must be used. Self-evidently, re- 
ducers should be long enough to avoid shadow zones. 

To avoid dead areas in equipment, it is recommended 
to avoid the use of "tees'. If that is not possible, short, 
right-angled tees or "swept tees' (Fig. 2b) may be used. 
Swept tees must be used with caution, however, as in 
horizontal pipelines a swept tee could hamper draining. 

Some types of pumps are traditionally positioned in 
such a way that draining is impossible without disman- 
tling. The same type of pumps can also be designed for 
positioning in a drainable position (Fig. 2c). 

Avoidance of dead areas 
The traditional way of mounting pressure transmitters 

W R O N G  

CORRECT 

(b) 

impossible to drain 

+n+ 

W R O N G  

,.< 28 MM 
__~ _. - ? -  

ver tlCat position [ ~  

easy to drain 

outtet @ 
inllet 

CORRECT 

Fig. 2 
Ensuring drainability, la) Even smooth Iransilions between pipe diameters may 

hamper draining if the upper, concentric method is used for horizontal piping; 
the lower, eccentric method will not affect draining in either direction. (h) The 
use of svvepl tees avoids dead areas, but if mounted in a horizontal pipeline (left) 
may hamper draining; swept tees must preferably be mounted in a vertical 
pipeline (right). (c) It is important to position centrifugal (top) and lobe (bottom) 

pumps in such a way that they are drainable (right). 

For temperature measurement a surface probe (again, 
and temperature probes in process lines, on "tees', results with the inner diameter of pipe the same as that of  the 
in large dead areas, which are unacceptable (Fig. 3a" adjacent piping) is - from a hygienic point of  view - the 
leftl, best choice. Alternatively, a welded pocket may be 

It is easy to avoid such dead areas, for example by used. Sufficient attention should be given to the quality 
mounting the pressure transmitter on a swept tee or by of the weld, which must be srnooth and continuous. 
using transmitters with tubular membranes with the Further. to avoid shadowing, the direction of the flow 
same inner diameter as d~e adjacent pipelines, must be as shown in the right-hand side of Fig. 3a. 
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(a} 

Direction [ 
' L ' - of flow 

I I 

(b) 

WRONG CORRECT 
. . . . . . . . . . . . . . . . . . . . . . .  dead legs (Figs 5a. 5b) may prevent cleaning fluids (hot 

Fig. 3 water or chemical solutions) from reaching all surfaces 
to be treated. A downwards-pointing dead leg will 

Avoiding dead areas. (a} The temperature probe at left is mounted such that an 
unacceptably large (lead area is created: that at right is mounted in a welded 

pocket, avoiding dead areas. (b) The pressure relief/bypass valve for the positive 

displacement pump sh~own at left has a dead leg with a large amount of product 
(shaded area) when the valve is closed, as shown (note also that the pump is not 

in a position that allows draining). The same valve, in the arrangement shown at 

right, can be mounted in such a way as to avoid dead legs in the bypass and to 

allow draining of the pump. 

F low diversion should not be done in a way th: ' t  
would cause some o f  the product to stand still 3. Dead 
legs towards a closed valve mounted on a tee must be 
avoided (Fig. 4). 

Dead areas are also created where product pump:-; ~.rc 
equipped with a pressure relief valve or with a bypass in 
case the pumps have insufficient capacity for circulating 
the cleaning liquid at the required velocity. If arranged 
as shown in the left-hand side of Fig. 3b. daring produc- 
tion product is entrapped in two large-volume dead legs. 

Such product may spoil and infect thc passing product. 
With the same valve it is also pos:dble to construct a 
bypass that is free of  dead legs (Fig. 3b; right). 

If a dead leg is unavoidable, it must be as short as 
possible. For pipe diameters of  _>25 mm, the dead leg 
should preferably be <28 mm; for smaller pipe diam- 
eters the length shou!d be smaller than the diameter. The 
position of the dead legs is also important. For most 
liquids, a dead leg should be positione,~ as shown in 
Fig. 5c: this configuration may not be stfitable, however, 
if products contain any particulate matter, which may 
accumulate in the dead leg. The configt'ration in Fig. 5a 
can be acceptable if the dead leg is very short. The 
direction of the flow of product has a significant influence 
on the residence time in the dead leg and should there- 
fore be as indicated by the an'ows. Upwards-pointing 

collect condensate during steam sterilization, in such a 
case, as well as if hot water is used, the temperature of  
the surfaces in the dead leg may be too low for pasteur- 
ization or sterilization, due to heat dissipation from the 
trapped water. 

Surface  r o u g h n e s s  
For hygienic equipment the product contact surfaces 

should have a roughness of  R~ < 0.8 p.m. unless there is 
- in individual cases - evidence that a rougher surface is 
acceptablek Table 1 lists the relation between different 
treatments of stainless steel and the surface roughness 
that can be obtained by each h-catment. This table is 
iruended as a guide only; whether the intended surface 
roughness has been obtained should be measured. 
Measmlag instruments are readily available, and for 
surfaces that cannot be reached by such instruments, 
surface replicas can be noade tbr indirect measure- 
ment 5 7. 

1 Sharp corners 
Sharp corners must be avoided. 

All internal angles and corners 
should be well radiused to facilitate 
cleaning, both in the welding of metal 
plates perpendicular to each other 
and in the mounting of tank lids. 

Screw threads 
Exposed screw threads must not 

be used at the product side. If the use 
of screwed connections is unavoid- 
able. a metal-backed elastomer gas- 
ket such as that specified by ISO 
, ,5 :198 ,  should oe used. Where 
possible, welding must be used at 
the product contact side, following 
the guidelines lbr hygienic welds 2. 
An acceptable alternative might be 
the use of adhesives. If adhesives are 
used. care must be taken to ensure 

Tank i 
U q j 

Fig. 4 
FIo,.,, di',er~,ion should he done su(h that dead legs are avoided. The two-valve system for flc~w diversion 

(leit) creates a dead leg towards the closed valve. The correct type of valve is shown on Ihe right. 
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Fig. 5 
Upwards-pointing dead legs (a,b) result in greatly reduced exchange 

of product or cleaning fluids between dead leg and main flow. 

Unavoidable dead legs should usually be arranged as shown in (c), 

with the direction of flow as indicated by the arrow. See texl for 

details. 

Table 1. Examples of surface treatments of stainless steel and the 
resulilng surface roughness 

Treatment 

Cold rolling 

Hot rolling 

Glass bead blasting 

Descaling 

Bright-annealing 

Pickling 

Electropolishing 

Mechanical polishing with 
aluminium oxide or silicon 
carbide of abrasive grit number: 

50O 
320 
240 
180 
120 
60 

R, (I.tm) 

0.2-0.5 

>4 

1.0-1.2 
(Depends on bead size) 

0.6-1.3 

0.4-1.2 

0.5-1.0 

Depends on original finish" 

0.1-0.25 
0,15-0.4 
0.2-0.5 

<0.6 
_<1.1 
<-3.5 

.' Electrical polishing does litlle to improve the R, value, bul does round off 
i peaks, improving cleanability ~. 

that the seal obtained is reliable and can withstand 
process and cleaning conditions. Self-evidently, the ad- 
hesive must be acceptable for food-contact applications. 

Thermal insulation 
Pipework can be insulated by the evacuation of all 

from the shell of a double-walled pipe. This is a very 
effective way of meeting hygienic design criteria. If 
no vacuum is used, non-chloride-releasing insulation 

material should be used (such as appropriate qualities of 
rockwool). The insulation unaterial should be covered by 
a stainless steel outer tube, fully welded to prevent the 
ingress of air, moisture or insects. Such ingress would 
promote corr~'sion between the walls, assisted by poss- 
ible microbial ;)owth. Ultimately, this would result in 
leaks, allowlmg microorganisms to contaminate the 
product. The same applies to the insulation of process 
vessels, which should therefore be fully enclosed. 
Depending on the duty of the vessel, it may be necessary 
to provide a vent hole to prevent unacceptable pressures 
between inner and outer wall (e.g. during sterilization). 

Conclusions 
There are generally various solutions to meeting 

hygienic design criteria. The examples discussed above 
illustrate this for a limited number of design principles; 
further examples are given in the lull document, avail- 
able from the EHEDG (see below). Other solutions may 
also be equally acceptable. Sometimes a solution is 
unconventional (such as in the case of the position of 
pumps) but can nevertheless be achieved without tech- 
nical difficulties. Care must be taken that the hygienic 
characteristics (such as cleanability and drainability) of 
the individual parts of the equipment are not com- 
promised by building a process line such that new shadow 
zones, crevices and undrainable situations are created. 
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