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1. INTRODUCTION

1.1 PURPOSE OF THE GUIDELINE

This Guideline describes a method for establishing the necessary
minimum size of pharmaceutical stores and for estimating
transport volumes. It does not provide all the information
required to establish the size of a complete warehouse (see
Section 1.3 on Exclusions). The method described may also be
used for sizing sub-stores within such a store; for example, cold
stores.

The Guideline is written for those responsible for planning and
organising pharmaceutical purchasing at national and regional
levels. The Guideline describes the technical procedure for
store sizing and it sets this process within the broader
management context of drug purchasing, inventory control and
stock administration. For convehience, introductions to all
these subjects are provided in Appendices 1 to 3. A short
section on relevant aspects of building design is also included.
However the document is not intended to be a warehouse design
guide.

In the first instance, the procedures are intended to be used to
estimate the reguired volume of new pharmaceutical stores and to
prepare a brief for the medical warehouse design team. The
procedures may also be used to check the capacity of existing
stores when supply circumstances change. Finally, they may be
used to plan space allocation in transit stores so as to ensure
that adeguate space is available at ports and airports when
deliveries arrive.

on a continuing basis, the procedures may be used to assist with
the planning of forthcoming purchases and deliveries so as to
ensure that they do not exceed available warehouse capacity.
This review process may be particularly important for Essential
Drugs programmes undergoing rapid growth.

Readers are encouraged to comment on their experience of using
the Guideline and to propose improvements. Comments should be
sent to the Essential Drugs Programme at WHO headguarters in
Geneva.

1.2 METHODOLOGY
The volume calculation method that has been used is based upon an

analysis of the unit volumes of different forms of pharmaceutical
presentation: tablets, vials, tubes and so forth.




A sample of selected drugs was measured. In most cases it was
possible to measure the same drug and presentation from several
manufacturing scources. The results of this exercise are
summarised in Appendix 4. These data were consolidated to give
a characteristic volume factor for the different types of
presentation (tablet, vial, ampule, etc.). Further parameters
were estimated to take account of the various forms of outer
packing in common use.

All parameters were adjusted in the light of experience gained in
several countries. They were then tested against known volumes
of drugs in three countries. The results suggest that an
accuracy of +10% may be achieved if used with an Essential Drugs
list. The method has not been tested against other lists. If a
selection of drugs is used that is significantly different from
an Essential Drugs list, results may fall outside the anticipated
range of accuracy.

The work sheet in Section 2 uses the characteristic volume
factors to establish the storage volume required for each item on
the drugs list. Sections 3 and 4 show how the information from
individual proformas may be consolidated to estimate the size of
transport volumes and storage buildings respectively.

Users should note that store sizes derived using this methodology
are ‘worst case’ sizes based on the assumption that a ‘fixed
position’ stock control system is used. In a ‘fixed position’
store, every drug item has a defined section of shelving or
racking allocated to it. This is not the most space-efficient
method of operating a store, but it is the simplest. If more
sophisticated techniques, such as ‘fluid’ or ‘semi-fluid’
positioning, are to be used, then the results obtained will have
to be adjusted (see Appendix 3).

1.3 EXCLUSTONS

This Guideline deals only with the sizing implications of
pharmaceutical stocks. It DOES NOT, at present, cover the sizing
of the following important contents of a medical store:

- Dressings

- Cotton wool

- Syringes

- Family planning supplies

- X-ray consumables

— Gallenicals and bulk chemicals
- Medical and hospital eguipment
- Bedding

- Stationery

- Goods handling space

- Loading and packing areas and other ancillary spaces.

It is hoped that the scope of future editions of the Guideline
will be extended to include the majority of consumables.




1.4 OTHER SOURCES OF INFORMATION

For additional information on the sizing and design of national
and regional vaccine stores, readers are referred to WHO document
EPI/CCIS/80.15 - ‘Guidelines for Establishing National and
Regional Vaccine Stores‘’. For data on the sizing and design of
stores for Oral Rehydration Salts, refer to WHO document
WHO/CDD/SER/85.8 - ‘Oral Rehydration Salts: Planning
Establishment and Operation of Production Facilities’.

1.5 OUTLINE OF PROCEDURES FOR FSTABLISHING A PHARMACEUTICAL
DISTRIBUTION AND STORAGE SYSTEM

The procedures set out below represent an idealised approach to
the design of a storage and distribution system. It is
recognised that reliable population and health statistics are
frequently not available and that decisions may have to be made
based on unreliable data. Health planners should therefore aim
for maximum flexibility in a system so that it can respond to
emerging requirements and improving data.

This Guideline is designed particularly to assist with steps e),
f), g) and h}. All the steps require periodic review so that the
entire system can respond to changing needs and opportunities.

a) Establish an essential drugs formulary. Starting with
adequate data on population, patient attendances and
morbidity, draw up an essential drugs formulary and lists
of essential drugs per level of care.

b) Design a distribution and storage system. Review the
existing storage and distribution system. Review
population distribution and transport networks and
compare alternative locations for storage facilities at
each level. Compare costs of alternatives. Allow for
planned growth.

Refer to APPENDIX 1.

c) Adopt a purchasing and inventory control policy. Assess
existing financial control and purchasing procedures and
review alternative purchasing policies. Decide likely
changes to the policy as the programme develops and
review implications for storage provision. Compare costs
of alternatives.

Asszess current methods of inventory control at each level
and review alternatives. Establish safety stock levels.
Decide on restocking intervals for stores below central
level. Establish costs. Allow for planned growth.

Refer to APPENDIX 2.




e)

£)

g}

Adopt a stock administration policy. Taking account of
the administrative skills available, adopt a policy on
stock administration at each level. Consider how future
growth in warehousing reguirements may be accommodated by
a programme of planned upgrading of the stock
administration system.

Refer to APPENDIX 3.

Establish the type and quantity of pharmaceuticals to be
stored. From the drugs list and from data in this
Guideline, establish the volume of pharmaceuticals to be
stored at each facility and the conditions under which
individual products should be stored. Take account of
decisions already made on safety stocks, and the
intervals for ordering and restocking. Consider the
implications of stock administration policies. Allow for
planned growth.

Refer to SECTION 2.

Establish transport volumes. From the drugs list and
from data in this Guideline, establish the required
capacity of the transport fleet.

Refer to SECTION 3.

Size the stores. From data in this Guideline and
calculated volumes, establish the warehouse size(s)
required. Check whether existing stores can accommodate
intended order sizes. If not, consider buiiding
alterations, or the construction of new building(s).
Refer to SECTION 4.

Establish a design brief for new warehousing or the
alteration of existing buildings. Decide upon a basic

building form to allow for growth and subdivision of the
store area and to accommodate the range of product
characteristics. Schedule ancillary accommodation
(offices ete). Prepare a building budget. Brief the
building prefessionals.

Refer to SECTION 5.

Implementation. Design new buildings or specify
alterations to existing structures. Complete the
building programme and implement all systems.
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2. RECORDTNG DATA AND CALCULATING VOLUMES

2.1 THE DRUG ITEM STORAGE PROFORMA

Establishing a data base for the complete drugs list and
calculating the volume of pharmaceuticals in a distribution
system is a laborious but essential task. This data base is a
pre-requisite for the accurate calculation of overall storage
requirements, for determining the size of the various specialised
sub-stores and for estimating the capacity of the transport
fleet. :

The method adopted requires a proforma to be completed for each
drug item. Subsequently the volumes calculated for each item are
added up to arrive at a total storage volume. A completed form
ig shown in Figure 2A and a blank specimen is illustrated in
Figure 2B. The data recorded on the proforma is not intended
solely for store gizing. The intention is that the set of
completed forms will become a valuable element in overall
inventory and quality control systems. For example, they may be
used as follows:

a) On an item by item basis, to allocate racking and
shelving space within the store.

b) To ensure that drugs are stored under the appropriate
environmental conditions.

c) To establish the reguired size of specialised sub-stores,
e.g. a store for controlled drugs.

a) To check that future deliveries will not exceed available
storage capacity.

e) To determine the volume of future deliveries go that
space can be allocated in transit stores at ports and
airports.

The proforma is designed for manual completion and calculation.
Howaver, the same information could be entered into a data base
in a personal computer. Such a system would enable volume
calculations to be performed automatically and the drugs list
could then be sorted according to any desired criteria; for
example, one could very quickly establish the volume of all drugs
requiring air-conditioned storage.

2.2 RECORDING GENERAL DATA

Items 1 to 9 on the proforma record administrative details and
general data about a chosen drug:

Ttem 1: Region and Item 2: Facility: These would be
pre-printed on the proforma.




Figure 2A Drug ltem Storage Proforma (completed example)

1. Region | TIHAMA ™™ 771 ,  Fasility | 2ARID E:r_}%fl_jlzhﬂ“
3. Date 1%, N /92" ] 4 officer [ Ag
5. [DRUG ITEM TPIPERAZIME
6. Therapeutic Class: ! AMNTI — HE—‘-M'MTH
7. Level of Use: HEALTH BN RE S ‘
8 VEN Category: Vital [__'_','_'"'] Essaential Necessary [ |
9 PRODUCT STORAGE i
Turnover S Env:ronment Frre Hazard . Security
High [ Ambiant Storage LJJ " Non-Razenem LN Controlied T .
Medium lw Air~Gonditioned p— Hazehem [ Narmal T.'w
Low Lo Gald =4 Dag & [ Law Rink !
Cold -20 Deg & |
[A]| ANNUAL REQUIREMENT (in units): 100,000 TABLETS
| PRESENTATION: _ w_"""‘"-: m‘-‘*_‘_',ﬂﬁc’_ R
r - T e e B T e e LR T ST T N
B Product Type ltem Unit Unit Net Volume -
Taba. € | ca00omg 1 tab 0.0007 litra
ave . Lapeules -
(agtual waight) ,236383319 1 ::g g:gg?gﬁ ::::g
Viale +10m1 1 vial g.02 litra
“1oml 1 vial 0.08 Iltre
} - — 1gmi par ml| net Q.004 iltre
| Ampulee timl 1 ampule 0.4a1t1E litra
im . 2 &:2mli 1 ampule Q.18 litra
i Qintments tGgrama 1 tube 0.03 litre
| & Supposaltories “Egrama 1 tube 0.08 litre
| *Ggram&gUpposG, per gram/Buppas. 0.0038 litra
E Packets All 1 packet i 0.08 Ittro
E Fiuids Al per mi net o.0016 litra [ |
| Bres, t i _”-:-1_600 tabteta par co";'int_;inar 1.6Q f__J
{C] ::re‘l:ﬂr! ation Stripe/blteters 1.70 [—
actor: Glass bottias 1.26 [
o e ___All 9thuras 1.00 LW
D ]! Quter pack o None S Teo o
Intermediate 1.20 H. 4
tactor: Card outer 1.60 '
or Wooden crate 2.30Q
Insulated alasa A {vaccine} 10.00
. L Ipsulated alase B (vaccina) I LS00
[E i Kit pack c.rduuard pack {UNIGEF typal 1.20
| tactor: Wooden crate :
(F ] Boxed volume - (AxBxCx DorE)/1000
[G] Restock Interval: = | _(:.)_____.._.._"‘.':‘..9.!?._'._.”.!‘:! i ‘
[H] Satety stock:
[J ] Annual stock volume = F = Transport voluma
[K] In steck velume: - JxG/12
(L ||WAREHOUSE STORAGE VOLUME: » K+(JxH/12)
[M] It M: 0.5 M3 Gonmder Palletisation
Nbr. Pallatg: = L rounded up
[N] Elsa use ahelving
Shelf volume: = Lx1.5
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2.3

Ttems 3: Date and 4: Officer are self explanatory.

Ttem 5: DRUG ITEM: Defines the product by generic name,

strength and =ize.

Ttem 6: Therapeutic class: Defines the therapeutic class

of the product according to WHO classification or
national standard.

Item 7: Level—-of-use: Specifies the category(s) of health
unit in which the drug will be prescribed.

Ttem 8: VEN category: Defines the item’s VEN category.
(Vital, Essential or Necessary).

Ttem 9: PRODUCT STORAGE: This section indicates the
turnover rate for the product. This will affect the
location of the item in the store. For example,
paracetamol is a high demand item with a fast turnover
and needs to be stored in a readily accessible position.
Secondly, the table records the conditions of
temperature, fire protection and security under which the
product should be kept. Under the Fire Hazard column,
the term 'Hazchem’ is applied to inflammable or corrosive
products that must be kept in a store for hazardous
chemicals. Under the Security column the term ‘normal’
describes a pharmaceutical item that is not ‘controlled’
but is nonetheless still valuable and vulnerable to
theft. ’Low risk’ means an item which is unlikely to be
stolen.

ESTIMATING VOLUMES

Ttems A to P on the proforma are concerned with the calculation
of volumes. Items bracketed thus ’[]’ are variablegs that are
used in calculations further down the proforma. The steps in the
procedure are as follows:

Ttem [A]: ANNUAL REQUIREMENT (in units): Write down the
annual order size for the chosen drug. The figure
inserted should represent the dosage unit by which the
item is ordered: the number of tablets or capsules; the
number of vials or ampules (for injectibles): the number
of tubes or number of grams net (for ointments); the
number of packets (for powders and the like) or the
number of millilitres net (for fluids). For example:
5,000,000 tablets.

This figure, modified by the presentation and packaging
factors, establishes the basis of the volume calculation.

Ttem [A]: PRESENTATION: Write down the form of
presentation for the drug item. This could be in tins of
1000, in blister packs, in 500 ml bottles, etc.




Specifying the type of presentation identifies the
appropriate presentation and packaging factors to be used
later in the proforma.

Ttem [B}: Product type: Tick the relevant product type.
For example, a 250 mg (active ingredient) capsule would
be recorded by ticking the box on the second line and
would have a Unit Net Volume of 0.00095 litres.

Note: Do not round any of the figures, as the finail
results are very sensitive to small changes in the values
on this table.

Item [C]: Presentation factor (PF): This adjusts the
final calculated volume to take account of the method of
presentation., Tick the relevant box. For example,
capsules in strips or blisters would be recorded by
ticking the third box and would have a Presentation
Factor of 1.70. Liquids in glass bottles would have a
Presentation Factor of 1.25.

Item [D]: Quter pack factor: This adjusts the final
caleulated volume to take account of outer packaging. (If
the drugs are packed in a kit, use Item E, not Item D).
The term 'Intermediate’ is used for lightweight card
trays containing one or two layers of presentation packs.
A ‘Card outer’ is a stout carton, often containing
several intermediate packs. Wooden crates are used in
some countries. Insulated containers are used for
vaccines. Once again, tick the relevant box ¢*>. A
product supplied in wooden boxes would have an outer pack
factor of 2.30.

Item [E]: Kit pack factor: Use this factor only when
drugs are being supplied in kits. Tick one of the two
boxes.

Note: Either section [D] or [E] should be ticked, NOT
both.

Item [F]: Boxed volume: This computes, in cubic netres,
the total order volume for the selected drug, complete
with outer packaging. The result is obtained by
multiplying together the values ticked under items [A],
[B], [C], [D] or [E] and then dividing by 1000.

* If vaccines, sera and biologicals are to be stored in
manufacturer’s insulated packaging, then the relevant
insulated pack factor should be applied. Class ‘A’
insulated containers are primarily used for the transport
of freeze-dried measles and liquid oral poliomyelitis
vaccines; they maintain their contents below 8 degrees C
for 48 hours at an ambient temperature of 43 degrees C.
Class ’B’ insulated containers are primarily used for the
transport of BCG and adsorbed DPT vaccines: they maintain
their contents below 30 degrees C for 48 hours at 43
degrees C ambient., For further details refer to document
EP1/CCIS/B1.4/Rev.1.




Item [G]: Re-stock interval: This records, in months, the
frequency with which the selected drug is re-gstocked. It
may well be different from the order interval.

Jtem [H]: Safety stock: This records, in months, the
safeLy stock approprilate for the selected drug. The
figure chosen will depend, amongst other things, upon the
VEN category of the drug and upon supply reliability.

Ttem [J}: Annual stock volume: The annual stock volume
for each drug item is identical to item [F] and to the
transport volume.

Item [K]: In-stock volume: This calculation computes the
maximum boxed volume of the drug in stock, net of safety
stock. The result is obtained by multiplying Item [J] by
the re-stock interval in item [G], then dividing by 12.

Item [L]: WAREHOUSE STORAGE VOLUME: This gives a final
figure for the maximum boxed volume of the drug item that
will have to be stored. It is arrived at by adding the
in stock volume to the safety stock volume.

Item [M]: Pallets: This Guideline assumes that the 0.3
metre x 1.2 metre European pool pallet is to be used <.
Typically these carry about one cubic metre of product.
If pallets are to be used, the number required is simply
the WARFHOUSE STORAGE VOLUME, recorded under Item [L],
rounded up to the nearest whole nunmber.

Ttem [N]: Shelving: If shelf storage is adopted, then a
shelf utilisation factor needs to he applied to the
WAREHOUSE STORAGE VOLUME. This takes account of the fact
that shelving volume can never be completely filled. A
figure of 67% for shelf volume utilisation is suggested
as reasonable. This gives a shelf utilisation factor of
100/67 or 1.5. A higher utilisation percentage may be
achieved when large numbers of standard sized cartons
(for example, drug kits) are stored and shelf spacing is
arranged to suit the cartons. The reciprocal of any
revised percentage should be used in place of the figure
of 1.5. For example, if 80% utilisation can be achieved,
the factor would be 100/80, or 1.25.

T Several of the formulae and graphs in Section 4 will
have to be altered if a different pallet standard is to
be adopted. Readers of the Guideline are invited to
write to WHO/DAP giving details of alternative pallet
eizes in common use. The Guideline can then be extended

to accommodate these.
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2.4 ADDING PROFORMAS

A method for sizing transport volumes is described in Section 3
and a method for sizing warehouse storage is described in
Section 4. The input to these sections is obtained by taking
each completed proforma in turn and accumulating three of the
results obtained under three headings.

a) Annual stock volume (ASV): Add together all the results
obtained under Item [J] to give the total annual stock
volume. This figure is the same as the transport volume

(TV).
b) Pallets: Add together all the pallet loads calculated
under Item [M] to give the total number of pallets (NP).
c) Shelving: Add together all the shelf volumes calculated
under Item [N] to give the total shelving volume (SV).
EXAMPILE
Drug item Annual stock vol Nbr of pallets Shelf volunme
from Item [J] from Item [M] from Item [N]
(ASV/TV) (NP) (8V)
Ampicillin 250mg 0.7 . 1 0.9
Aspirin 300ng 1.5 2 H 1.9
Water for inj Sml 2.5 3 2.8
TOTALS: 50.5 M= 7% Nbr 60.3 M=

The figures above are illustrative examples. It should be noted
that ASV may be smaller or larger than SV. This depends upon the
re-atock interval selected. If re-stocking is annual then SV
will be greater than ASV, since safety stock is also held.
Reducing the re-stock interval will reduce the volume that has to
be stored - thus NP and SV will be also be reduced. However
transport volume remains unchanged. This figure is entirely
determined by the size of the annual drug purchase,

Sometimes a specific group of items may need to be selected. For
example, in order to size a controlled drugs store, only the
proformas relating to that particular category of drugs would be
selected. The relevant volumes for the chosen sub-set would then
be accumulated in the manner already described.




Figure 2B Drug item Storage Proforma

=T gy

1. Region . | 2. Facitity | E
3 Date } / ! I 4, Officer | ~ __,__]
5. DRUG ITEM . e 1
6. Therapautic Class: L |
7. Level of Use: i - _ ]
8: VEN Category: Vital |77 Essential [ Necessary [ )
a. PRODUCT STORAGE
Turnover Environment Fire Hazard Security
High [ Amblent Starpge — Moen-Hazchem L1 Cantratled  —
Modium I Alr-Gondlitioned — Harchem — [C_C Mormal i
Low — Cold +4 Deg © T Low Risk —
Cold -20 Deg C —
[A ] ANNUAL REQUIREMENT (in units): s
| PRESENTATION: e
{B 1 Product Type ltem Unit Unit Net Volume -
Taba. G | s200mg 1 tab 0.0007 litre P
abs,Gapsllans - 1 tab 0.00095 litre —1
factual weight) 533333‘" 1 tab 0.0013 litre —
Viais «ioml 1 vial 0,02 litre —
={0ml 1 vial 0.8 litre =
»10mj| per ml net 0.004 iitre —
Ampules 2ml 1 ampule 0.015 litre |
2 &r2mi 1 ampula .16 litre i
Clatmants ‘Garame i tube 0.03 litra 1
& Suppositorios =Ggrams 1 tube 0.08 litre —
rhgram&suppos, per gram/euppos, 0.0035 litra —
Packats All 1 packet 0.08 litra —
Fluids Atl per ml net 0.0018 litre I
E‘ H «t000 tabletas par container 1.60 E__]__-
[C} Prasen.tatlon Stripasoligters 1.70 L
Factor: laae bottlee 1.25 ;__
All others 1.00 [ —
None - 1.00 —
{D1 ;Dutter‘pack fntermediate 1.20 —
acior: Card outar 1.59 T
or Wooden crate 2.30 [Z27]
I Insuiated ciass A (vaccine) 10.00 !
! Insuiated ctass B (vacoine} 4.00 —
[E ] Kit pack Gardboard pack (UNICEF type) 1,20 —|
factor: Wooden orate 1.680 —
[F” Boxed volume: = (AxBxCx DorE)/1000 =L
‘ [G] Restock Interval: =
[Hl Gatety stock: =
[J] Annual stock volume = F = Transport volume =
[K] In stock volume: - JxG/12 2
[L ]| WAREHOUSE STORAGE VOLUME: = K+{JxH/12) = =
[M] If M 0.5 M3 Consider Palletisation
Nbr. Pallets: « L rounded up =
[N] Eise use shelving
Shel! volume: = Lx1.6 b
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3. TRANSPORT VOLUMES

3.1 STZING PROCEDURE

Assessing the number of vehicles needed to move pharmaceuticals
through a distribution system depends on many factors. These
include the number of out=-stations to be supplied, the delivery
frequency, travel distances and road conditions. In addition,
the movement of other health aerv1ce consumables must be
considered., This is an exercise in transport planning which
falls outside the scope of the Guideline.

Nevertheless the procedures described in Section 2 do provide
preliminary data for estlmatlng transport requirements. The
first step is to establish the total annual volume of goods to be
transported, i.e. the Gross Annual Transport Volume. GATV
represents the total vehicle volume needed to move the annual
output of drugs from a store. Put simply, if a year’s supply of
drugs were to be stacked up in one place, GATV would represent
the vehicle volume required to move it.

GATV = @Gross annual transport volume in cubic metres

v = Transport velume, in cubic metres, calculated in
Section 2.4(a).

GATV = TV x 2.5

The factor of 2.5 in the equation assumes an average 40%
utilisation of wvehicle capacity (100/40 = 2.5). The full
theoretical capacity of a goods vehicle cannot be achieved for
boxed goods. This is especially true when irregularly sized
containers are being transported in small vehicles, or when
deliveries are made in small lots. The factor of 2.5 is a widely
used rule-of~thumb. However it may need to be adjusted to suit
local experience. The use of ‘kits’ or standard delivery cartons
might improve the utilisation factor.

How the calculated figure is subsequently applied depends upon
the planning of deliveries to out-stations. The following is a
simple example. Suppose that a GATV of 100 cubic metres were to
be delivered in equal sized lots, four times a vear, to ten
clinics. Suppose all ten deliveries were to leave the depot at
the same time on each of these four delivery dates. Under these
circumstances 10 vehicles would be required, each with a capacity
of 100/4 x 10 or 2.5 cubic metres. However, if delivery dates
were staggered, then one vehicle. of 2.5 cubic metres capacity
could be used to make ten separate journeys.

It should be peointed out that the GATV figure includes no spare

capacity to accommodate programme growth. This needs to be taken
into account.
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4. STORE SIZINCG

4.1 SIZTING PROCEDURE

The procedures set out in this Sedtion show how warehouse storage
reguirements can be calculated from the data collected on the
Drug Jtem Storage Proformas (see SECTION 2).

These data can be used at various levels of detail. If the
complete set of proformas is used, then the overall size of the
store can be calculated. Alternative combinations of pallet
standing, pallet racking and shelving can be compared and cost
differentials assessed.

If a specialised sub-store is to be sized, then the Drug Item
Storage Proformas should be sorted to extract the relevant
information., For example you may need to size the hazardous
chemicals store; in this case select and add up the relevant
figures from those records that are ticked as ’‘Hazchem’ under
Section 9 of the Drug Item Storage Proformas (Figure 2.A).

The sub-sections below describe the sizing procedures for pallet
standing, pallet racking and shelf stores. The steps are
summarised on the worksheets shown in Figure 4.A and 4B and
worksheet blanks are provided by Figures 4E and 4.F. Data for
the steps shown in square brackets, thus: [ ], are used later in
the same section of the worksheet.

4.2 GROWTH FACTOR

All stores should be designed to take account of anticipated
increases in the quantity of goods to be stored. The equations
in this section include a factor to allow for this growth (GF).
However, future improvements in stock administration procedures
and reductions in re-stock intervals can greatly reduce the need
for additional storage capacity (see Appendices 2 and 3). For
example, adoption of a semi-fluid position system can reduce
required warehouse capacity by up to 20%. Changing from an
annual to a three-monthly re-stock interval has an even greater
effect. Wherever possible, it is wise to plan for such
administrative developments.

4.3 PALLET STORAGE

Pallet storage systems are worth considering when the
calculations in Section 2.4 show the number of pallet loads (NP)
to be more than thirty or so. If palletisation is to be adopted,
it should be considered for all items that exceed 0.5 cubic
metres in volume. There are certain to be other consumables and
equipment in a medical warehouse. Much of this may also be
sufficiently bulky to justify palletisation.
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A pallet is a stout frame, usually made of wood, on to which
goods can be loaded in bulk. It is designed to be lifted and
moved about using fork lift trucks and other mechanical handling
devices. Palletised loads may be stored in rows on the warehouse
floor or, above floor level, on a framework of racks. Pallet
storage has a number of advantages.

a) Palletisation is a disciplined method of storage which
assists good stock control and warehouse layout planning.

b) Pallet racking systems make efficient use of storage
space (typically 30=50% of the total volume available).

<) Palletisation reduces the need for manual handling. This
leads to reduced staff injury and less breakage of goods.

d) There is a reduction in multiple handling, particularly
when suppliers deliver goods on pallets.

e) Fewer workers may be required.

Disadvantages of pallet storage are as follows:

a) There may be space wastage, especlally if partly loaded
pallets are used.

b) Lot numbers cannot be mixed.

c) Small stock holdings cannot be concentrated.

Wherever pallet storage is adopted it is essential that there be
good co-ordination between the management of the pharmaceutical

store, the drugs procurement organisation and the pharmaceutical
suppliers.

Pallet zsize, maximum acceptable load weight and maximum load
height should be specified in tender documents. If this is not
done, the goods received may be delivered on pallets that are the
wrong size for the warehouse racking system, or in loads that are
too heavy for the available handling equipment, or that are too
tall to fit between the racking beams.

4.3.1 PALLET STANDING: GENERAL CONSIDERATIONS

The simplest way to store and handle pallets is to stand them
directly on the store floor. This arrangement is known as pallet
standing. Pallets are usually placed back to back, with working
aisles in between double rows of pallets. Cross aisles are
spaced at intervals. Pallet standing is a suitable choice under
the following circumstances.

a) When the majority of drug lines are held in quantities
that occupy no more than one or two pallets.,
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b) When the calculated number of pallets is not large enough
to jJustify the purchase of pallet lifting egquipment
(Pallet moving eguipment will still be reguired).

c) When warehouse floor space is freely available, or when
the ceiling height is too low to justify the purchase of
pallet racking and lifting equipment. As a rule, this
applies to buildings with less than 4.3 metres headroom
(three tiers of pallets with clearances).

ad) If it cannot be guaranteed that pallet lifting eguipment
will be maintained to a high standard, or if the
avallability of spare parts is in doubt.

Refer to Section 5 for details of typical equipment, its uses and
limitations,

4.3.2 PALLET RACKTNG: GENERAL CONSIDERATIONS

Mounting pallets one above another in vertical racks greatly
increases storage density and may reduce building costs. Pallet
racks are usually placed back to back, with working aisles in
between double rows of racking, and with inter-connecting cross
alsles at intervals. Pallet racking systems impose certain
operational requirements and limitations. These need to be
considered carefully.

a) If picking is to be done by hand, whether from ground
level or from steps, only the first two tiers will be
safely accessible to the picking staff. Consequently,
the length of the racking aisles must be sufficient to
provide picking access to one pallet load of every
palletised item in the drugs list. Pallet racking above
the second tier can only be used as a buffer store. It is
therefore important to establish that a reasonable
proportion of drug items will be held in guantities
greater than a single pallet load, otherwise buffer
storage spaces will never be used.

High level picking trucks are available, and these enable
all levels of a pallet store to be used for picking.
However, such equipment is specialised and is not
considered further in this Guideline.

b) The number of pallets to be handled must justify the
purchase of the handling equipment. This can only be
assessed with a knowledge of local prices and labour
rates, and after checking that the equipment will be used
frequently enough to justify its purchase.

c) Powered 1ift trucks should only be used if proper
servicing facilities are readily available. 1In the
absence of reliable service facilities, robust,
hand-operated stacker trucks may be considered.
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d) Hand-operated stacker trucks can only lift to about 3.6
metres - three pallet tiers.

e) Mechanical lift trucks generally need wider aisles than
hand operated stacker trucks.

£) Racking more than seven metres high requires expensive
and specialised handling equipment.

) Trucks with internal combustion engines should not be
used inside buildings.

h) The design of a pallet racking store involves the
selection of specific racking and handling equipment.
These choices impose dimensional constraints. The
equipment supplier should therefore be consulted at an
early stage in the design process.

Refer to Figure 4C for details of dimensional constraints and to
Section 5 for further details of typical equipment, its uses and
limitations,

4.3.3 PALLETISATION: INITIAL CALCULATIONS AND DATA

Use the Pallet Store Sizing Worksheet (Figure 4A) to compare the
size of a pallet standing or pallet racking store. all
calculations assume the use of the European pool pallet (0.8
metres by 1.2 metres). If a different pallet size is to be used
it will be necessary to modify the worksheet.

STEP [A]: Total number of pallets: Multiply the total
number of pallet loads previously calculated (Item NP
from Section 2.4) by the anticipated growth factor (GF)}
to give the maximum number of pallets the store is to
accommodate.

STEP [B]: Pallet bay frontage: This figure establishes
the width of a single pallet bay, facing onto the working
aisle. Tt is calculated by adding 100mm to the relevant
pallet dimension to give a working clearance of 50mm each
side (see Figure 4C). If a pallet is stored with its
long side facing the aisle (long side storage), the
frontage is 1.3 metres. If the short side faces the
aisle (short side storage), the frontage is 0.9 metres.
These figures can be modified to take account of
different pallet formats.

STEP [C]: Pallet bay depth: Enter the pallet bay depth.

This includes a clearance allowance of 50mm at the back

of each pallet. ’‘long side’ pallet bavs are 0.85 metres .
deep and ‘short side’ bays are 1.25 metres deep. Again

the figures can be modified to take account of different

pallet formats.

STEP [D]: Number of pallet racking tiers: Select the

number of tiers. This value is used later in the pallet
racking section of the worksheet.
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Figure 4A Pallet Store Sizing Worksheet (Example)

DATA FROM PREVIQUS STAGES ‘
NP = Nbr. of pallets from Section 2.4 [ &I Failisiz)

GF = Growth Factor from Section 4.2 | - l__:]_:Z;E__

Initial caiculations and data
[Al Total number of pallets: " NP x GF

|
|
|
|

| 1Al

N = [ 81 Pauets)
[Bl Paliet bay frontageq 1'.x3M or [0.9M }: » [ I¥&  Metres) [B]
[C} Paliet bay depth ([ 0.85M lor [1.26M): : v GBS Metres IC]
ID] Nbr. of paliet racking tiers (for racklng calculatlon only) » | % Nbr.| D]
PALLET STANDING _
[E] Working aisle width from Tabla 4A: = [T F wetres] [E}
IF] Total paliet aisle length: A xB/2 - L__‘.soﬁ. Metres| [F}|
[G] Pallet aisle width: Cx2+E~ [HB 4 Metres] (6]
IH] Nbr. of pallet aisles required: Ll o Nbr.j [H]
1] Store width:] @ xt- 126 weina) W
| {K} Nominal store length: F/d = [BFL" Metres| [KI
i [L] Width of cross aisles from Table 4A: ' . ;—_‘_M‘etreﬂ [L]
[M] Nbr. of cross aisles required: .
M Total store IengthJ K+ (LxM = |
P STORE AREA, PALLET STANDING: Jx N L 582. M
PALLET RACKING e _
[E] Working aisle width from Table 4B: o« [ 2+& Metres| IE]
[F] Total racking aizle length: A x (B+0.1}/(2 x D) = {_E__Z__H___Metreﬂ tF)
1G] Racking aisle width: _ Cx2+E=~ [ L% Matras! |Gl
[H] Nbr. of racking aisles required: 7 Nbr (W)
{31 Store width;) GxHe [ J2Y Moiras] [J]
{K] Nominal store length: Frd = [ ILFI_'W [K]
{L] widih of crose aisles from Table 4B; = -9 "metresl (LI
IM} Nbr. of cross aisles required: - 1 Nor. [M]
]_N] Total store length: | Ke(LxM =~ [ 1868 Metres] [N]I
P STORE AREA PALLET RACKING wxN- 27w !
| Long side aisle Short side aisle i
: . Racking/paliet N - Racking/pallet N [
; J-__“_ aiele wldth - _ - alala wld\.;n J——_:
P Frantage )
| l ]
|
‘ working working |
—y — )
l
]

‘ aisfe width disle width
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PALLET STANDING: CALCULATION METHOD

The size of a pallet standing store is calculated by completing
the Pallet Standing section of the worksheet,

STEP [E}: Working aisle width from Table 4A: Select an
appropriate width for the working aisles from Table 4A
below. The choice depends upon whether the aisles are to
allow for two way traffic, upon the type of handling
equipment selected and upon the orientation of the
pallets (long or short side).

TABLE 4A: Minimum aisle widths for pallet
standing (European pool pallets, 800mm x

1200mm)
Aizle/truck Aigle width
type (metres)

Working aisle. Pallet 2.1
truck (short side
storage)

Working aisle. Pallet 1.7
truck (long side
storage)

Working aisle (two way) 2.4

Cross aisle 2.7%

* Increase to at least 3.5 metres if trains of roll
containers are to be towed behind pallet
trucks.

Several types of pallet truck are available. These
include hand operated units, electrical pedestrian pallet
trucks and pallet trucks on which the operator can sit
(‘ride-on’ pallet trucks). The aisle widths shown are
typical. Figures must be checked against manufacturer’s
tables bhefore a scheme is finalised. Refer to the
information sheets in Section 5 for further guidance.

STEP [F]: Total pallet aisle length: Calculate the total
length of pallet aisle required. A pallet aisle
comprises a working aisle with a row of pallets on either
side. The figure is obtained by multiplying the total
number of pallets, [A], by the pallet bay frontage, [B],
and then dividing the product by two.

STEP {G]: Pallet aisle width: Calculate the overall width
of a pallet aisle. The result is obtained by adding the
working aisle width ,[E], to twice the pallet bay depth,

(C].
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STEP [H]: Number of pallet aisles required: In cases
where an existing building is being used, the number of
pallet aisles that can be accommodated may be calculated
by measuring the width of the building and dividing by
fG]. The result is than rounded down. In all other
cases, select a number of aisles which produces a store
with a length to width ratio between 1:1 and 1:2 (see
Section 5). Final decisions will be made in discussions
with the building design team to suit the width of
structural bays. As a general rule, larger bay widths
enable stores to be reorganised more readily to suit
changing needs.

STEP [J]: Store width: Calculate the store width by
multiplying the pallet aisle width, [G], by the number of
aisles selected, [H].

STEP [K]: Nominal store length: Calculate the nominal
store length by dividing the length of pallet standing by
the number of pallet rows selected. The nominal store
length does not include any allowance for cross aisles.

Note: Steps [H], [J] and [K] can be repeated to arrive at
a suitable store shape, by a process of trial and error.

STEP [L]: Width of cross aisles: Enter the width of cross
aisles from Table 4A.

STEP[M] Number of cross aisles required: These should be
spaced every ten to twenty metres, depending upon the
intensity of traffic in the store. See Section 5.9.

STEP [N]: Total store length: This is calculated by
adding the width of all the cross aisles to the nominal
store length.

STEP P: STORE AREA, PALLET STANDING: Calculate the store
area by multiplying the calculated store width, [J], by
the total store length, [N].

4.3.5 PALLET RACKING: CALCULATION METHOD

The size of a pallet racking store is calculated using the Pallet
Racking section of the worksheet. With the exception of item
[F], the method adopted is identical to that described in the
previous section.

STEP [F] Total racking aisle length: The calculation
adds an allowance of 100mm to every racking bay. This
adjusts for the width of the racking support posts. The
chosen number of racking tiers, [D], is alszo introduced
into the equation. Aisle widths are taken from Table 4B.
Low-level picking and two way traffic is assumed .
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TABLE 4B:Minimum aisle widths for pallet racking
(European pool pallets, 800mm X 1200mm) '

Aisle/truck type Alsie width for various
picking heights (metres)
2.0 3.6 <6.0

Working aisle. Reach 2.7 2.7 2.7

truck (short side

storage)

Working aisle. Reach 2.6 2.6 2.6

truck (long side

storage)

Working aisle. Straddle 2.4 2.4 2.6

truck stacker

Cross aisle 2.7% 3,0% 3.0%

* Increase to at least 3.5 metres if trains of
roll containers are to be towed behind pallet
trucks. .

The aisle widths shown are typical. A huge range of
stacker trucks is available but consideration of their
detailed characteristics is outside the scope of this
Guideline. Figures must be checked against
manufacturer’s tables before a scheme is finalised.
Refer to the information sheets in Section 5 and to
equipment manufacturers for further guidance.

4.4 SHELVING: GENERAL CONSIDERATIONS

Storage on shelves is a simple and commonly used method and does
not depend on mechanical handling equipment. Shelf storage may
be considered as an appropriate choice under the circumstances
set out below.

a) Wherever the warehouse storage volumes calculated in
Section 2 are insufficient to justify palletisation.

b) Wherever the clear internal height of a storage building
is insufficient for pallet racking. Under such
circumstances shelving may be used on its own, or in
combination with pallet standing or two tier racking.

c) Wherever manual goods handling can be shown to be more
reliable or economical than mechanical handling. »

Achieving good utilisation of shelf volume and efficient picking
requires careful planning. Refer to Figure 4D for dimensional
constraints and some ergonomic considerations.




4.4.1 SHELVING: CALCULATION METHOD

The size of a shelving store is calculated using the Shelf Store
Worksheet. This follows the same general principles as the
pallet storage worksheet.

STEP [A]: Total shelving volume: Multiply the shelf
volume (S5V) calculated in Section 2.4, by the anticipated
growth factor (GF}. This gives the tntal volume of
shelving required in the store,

STEP [B]: (Not used):

STEP [C]: Shelving depth: Choose an appropriate shelf
depth. Sensible depths are in the range 0.45 and 0.6
metres. Deeper shelving may be justified where it is
combined with pallet racking.

STEP [D]: Usable height of shelving units: Calculate the
usable height of shelving units according to the
recommendations set out in the worksheet diagram.

STEP [E]: Working aisle width from Table AC: Use the
table below to establish an appropriate working aisle

width.
TABLE 4C: Minimum aisle widths for shelving
stores
Aisle/truck type Aisle width (metres)

Working aisle. Picking 1.0
trolley or truck (one
way)

Working aisle. Picking 2.2
trolley (two way)

Working aisle. Picking 2.4
truck {two way)

Cross alsle 2.7%

* 2.2 metres iz the minimum for manual
picking trolleys. Increase to at least 3.5
metres 1f trains of roll containers are to
be towed behind pallet trucks.

STEP [F}]: Total shelving aisle length: A shelving aisle
comprises a working aisle with a row of shelving on
either side. This value is calculated by dividing the
total shelving volume [A] by twice the product of the
shelving depth [C] and the usable height of the shelving
units [D].

STEPS [G] to P: These are identical to the pallet
standing and racking calculations.
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Flgure 4B Sheif Store Sizing Worksheet (example)

DATA FROM F’REVIDUS STAGEG
8V = Shelf volume from Section 2.4: e
GF = Growth Factor from Section 4.2 - {
- Initial calculations and data o
[A] Total shelving volume: SV x GF = T8y . M 1Al
[B} (Not used) 1Bl
[C] Shelving depth: - T G+«&  Metres] ICl}
; [D] Usable height of sheiving units: - E:-:L_HZ:...._M@HMJ [#]]
| SHELVING e _
IE} Warking aisle width from Table 40 - {E}
IF] Total shelving aisle length: A/MC x D x 2) - [F]
[G] Shelving/aisle width: Cx2+E- [G]
i iH] Nbr. of shelving aisles required: = (H)
Lot sibre width; o xH- sl ]
{®¥] Nomina! store iength: Frd = [ ci' Me:res] K]
[L] Width of cross aisies from Table 4A: - [ 2% Metres, [L]
[M] Nbr. of cross aisles required: - O 6 T Nhr. IM]
|IN} Total store length: | Ko+ (Lx M) - [0 0% Matres] NI
P STORE AREA SHELVING: JxNe [ 1 F . w |

|
| Calculation of Usable Height (UH)

vy
. Number of shelveg « \ ‘_5_ -i
i
' UH *H - (Nbr of shelves x 0.04)-0.06
Note: (f there |8 an intermediate floor
— allow for the tloor thigkness,
Q.04 metras 1
13 w | x
T ] o a
| Ea £ =
! [/, Yt (- + R
— — o~
o | 2%
- ) o
oz | @ Q.
( E E S
E 0.06 metros -5 |—o
oNO =
L — C:J [as]
e SRENEES T mian
7 0 /
I IA
! ////////f/;/ // il /// /4
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Figure 4C Pallet Racking, Dimensional Gonstraints
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Figure 4D Shelving, Dimensional Constraints
Ergonomic Considerations
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Figure 4E Pallet Store Sizing Worksheet

NP = Nbr.

DATA FROM PREVIOUS STAGES
of pallets from Section 2.4 v

GF » Growth Factar from Section 4.2 : - E

initial calculations r:ind déta

PALLET STANDING

[A] Total number of pallieta:
[e} Pallet bay frontage
{C] Pallet bay depth

IR} Nbr. of paillet racklng tlers (for rackmg calculation only) =

A

NP X GF -

. I . .._Paliets]
or O 9M ): - Metres) -
ar !1 25 = | Matres|

|

Nbr.]

[E] Working aisle width from Table 4A: » [ Metres]

Long side aisie

[E]
IF] Total pallet aisle length: AXxB/2= | Metres] [F]
[G] Pallet aisle width: Cx2+E= |~ Metres| (Gl
[H] Nbr. of pallet aisles required: = L. Nbr,] {H]
141 Store width: | GXxH=» | Metres| 4]
K] Nomina!l store length: F/d = | Metres| IK]
[L} width of crosa alales from Table 4A: = [ T""Metres) [L]
[M] Nbr. of cross aisles required: , = | MNbr.) IM]
[IN] Total store length: i K+ (L x M)~ | Matresi IN] j
P STORE AREA, PALLET STANDING: Jx N [__ ____M_“_"} |
PALLET RACKING ~ o ‘
IE] Werking aiale wndth from Table 4B = L Metres] [E]
[F] Total racking aisle length: Ax (B+0.1)/(2 x D) » [~ ""Metres| [F)
{G] Rackling aisle width; Cx2+Ev | Motrés] (Gl |
[H} Nbr. ot racking aisles required: = L "Nbr. | IHI
| [[J1 Store width: GxH» [ " Metras| [J]
LK) Nommal store length: F/d = | Metres| [K]
IL] Width of cross aislea from Table 4B: v [ mMatres) L]
Ml Nbr. of crose aisies required: ‘ - | Nbr.| {Mi
' [IN] Total store :anqm I K+ (L x M)« [ Mdiras] IN]
P STOHE AHEA PALLET RACKING JXN= ’_ M*

Racking/paliat

) ’———"alala wldth y——"

Working

s —
gisle width

Short side aisie
Racking/patlat

a

— lale wldth r"'—"—‘l
Frontage l X ‘ |

Wbrking
——
aisle width
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Flgure 4F Shelf Store Slzmg Worksheet

' DATA FROM PREVIOUS STAGES

8V = Shelf volume from Section 2.4: - M3
GF = Growth Facter from Section 4.2 - -
i Imtlal calculatlons and data o T X
| [A] Tatal shelving volume: 8V x GF = | s M:]  [A]
IB] {(Not used) B]
! [€] Shelving depth: - T Metres; (€]
| {D] Usable height of shelving units: - I_?____Motm (D]
SHELVING e e —_—
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5. WAREHOUSE DESTGN NOTES

5.1 INTRODUCTION

The purpose of this section is to give an introduction to the
more important aspects of pharmaceutical warehouse design. A
general awareness of these matters is essential when drawing up a
building design brief. However, it is not an architectural
design guide.

5.2 TYPES OF WAREHOUSE
There are two categories of warehouse:

The Transit or Holding Warehouse is the simpler type. Here goods
are received, checked, temporarily stored and then sent out again
in the same packadging, to one or more destinations. An airport
receiving warehouse or a government transit depot are typical
examples. Figure 5A illustrates the goods handling process.

The Distribution Warehouse. Here goods are received, checked and
inspected, stored as ‘lines’ (for example: Paracetamol syrup or
ORS packet), picked into orders for lower level depots and,
finally, distributed. This type is typical of a central or
regional medical store. Figure 5B illustrates the goods handling
process.,

In both cases the choice of storage units (load carriers) and of
handling equipment is determined by the size, weight and volume
of the goods, and by the way in which they are to be processed.

h.3 FIFO HANDLING

Pharmaceuticals must be handled on a strict ‘first expiry date
first out’ (FIFO) principle. Items of a particular type must
always be picked for distribution to the next depot so as to
ensure that batches that have been longest in stock and are
clozsest to their expiry date are =ent out first.

Maintenance of FIFO requires good standards of administrative
control, a disciplined stock layout and strict stock rotation.
This ensures that no batches are ‘forgotten’.

5.4 LOAD CARRIERS

Introduction: Figure 5C compares the characteristics of various

forms of mechanical and manual handling (Tables I and II) and of
load mounting {(Tables III and IV). This guideline only considers
the simplest forms of locad carrier. Sophisticated options, such
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as live storage (storage on tilted roller racks that
automatically feed goods to the picking position), are unlikely
to be justified except in the largest national drug programmes,
since they are designed primarily for retail operations with very
high throughput.

Pallets: Goods in cartonised form, bulk materials and items that

weigh more than 25 kKilograms per unit are best stored on pallets.
This allows for mechanical handling, makes more efficient use of

warehouse space, and minimises the risk of occupational injury to
warehouse staff caused by lifting excessive loads.

Palletization of pharmaceuticals can only be recommended where
batches received are sufficiently large to make up complete
pallet loads. Making up pallet loads from mixed products or
mixed batches is likely to destroy FIFO arrangements. To
summarise:

- DO NOT mix different types of product on one pallet.
- DO NOT mix different batches of the same product.

Figure 5D illustrates the various forms of pallet that are
available. In many instances, floor stacking of pallets will be
sufficient. Pallet-racking and the associated 1ift trucks can
only be justified where a large volume of goods is to be handled,
or where floor space is limited. Block stacking using pallet
converters is commonly considered for bulk storage and this is a
quick and simple way of temporarily improving volume utilisation
(see bottom right hand drawing on Figure 5D). However costs need
to be compared carefully as pallet converters can be more
expensive than racking. Pallet converters do not allow
extraction of individual pallets and therefore do not promote
FIFO handling through good stock rotation. They should be aveoided
as a permanent solution.

Remember that if orders are to be picked from pallets, then at
least one pallet load of each palletised line must be available
at or near floor level. Only bulk stock can be kept at high
level unless high 1lift picking trucks are used. These are
expensive and unlikely to be justified except for very large
programmes. Before choosing pallet-racking or block stacking,
use the methodology set out earlier to check that the amount of
bulk stock justifies its installation.

Where there is a policy that all incoming goods are to be checked
before storage, a sensible option is to re-pack them in pallet
cages. This improves visibility and access to the goods.

Wheeled cages are also available.

The dimensional constraints of pallet racking are set out in
Figure 4.G. Figure BE illustrates various racking constructions
and Figure S5F shows a selection of general purpose pallet
handling equipment. Detailed store designs should always be
prepared in conjunction with the selection of specific mechanical
handling egquipment.

40




Shelves: Small items, and larger items that are ordered in
quantities insufficient to justify palletisation, are best stored
directly on shelves. Ideally shelf locations should be
identified by shelf dividers. Shelving and pallet racking may
also be combined as shown in quure 5E.

Prays: Very small items, such as drops or tubes, may be stocked
in trays.

Tote bins: Irregularly shaped items are best stored in tote bins
or pallet cages. IV fluids would be an example.

5.5 ORGANISATION OF ACTIVE AND BULK STORAGE

The correct organisation of active and bulk storage in a
distribution warehouse is vital to the reliability and economy of
the operation. It is important to establish routines that are
inherently flexible since the flow of goods and size of packaging
can alter rapidly.

A typical distribution warehouse operation may have 20% of the
lines in stock accounting for 80% of throughput. Paracetamol and
Chloroquin are examples of fast moving lines. Consequently there
may be very large stocks of certain goods. Only part of this
stock needs to be immediately available for picking.

In a small warehouse it may be appropriate for all stock to be
ractive’ - that is set out for order-picking. However, in most
cases this is not efficient and stock is best divided into
ractive’ and ’‘bulk’ areas.

The bulk stock can be stored in the most space efficient manner
available. However it is still necessary to ensure that FIFO
arrangements can be maintained; this means that stock must be
brought into the picking area in FIFQ order. See APPENDIX 3.

one way of laying out the picking stock is as follows:
a) Decide how many weeks’ supply should be available for

picking and at what intervals the picking stock should be
replenished from the bulk store.

o} From past consumption records, establish the quantity of
each item necessary to cover the selected period.

c) lLay out shelving and pallet picking areas to suit.

a) Adjust quantities by monitoring throughput.
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5.6 ENVIRONMENTAL REQUIREMENTS

Vaccines, sera, bioclogicals and blood products need to be kept in
cold rooms, regardless of climate. In hot climates a number of
other drugs require air-conditioned storage, and a warehouse
layout should take account of this. These items and their volume
will have been identified on the Drug Item Storage Proforma
(SECTION 2).

Cold stores should be sized and designed in accordance with the
principles laid down in WHO document EPI/CCIS/80.15 - ‘Guidelines
for Establishing National and Regional Vaccine Stores’.

Air-conditioned stores should be designed, and cooling plant
sized, so as to ensure that internal temperatures can reliably be
raintained below 25 degrees centigrade. Entrances to
air-conditioned stores should have airlock lobbies, ideally with
two sets of gelf-closing flexible doors, =0 as to minimise loss
of cooled air.

Uncooled stores should be well ventilated; temperature
stratification should be reduced by the use of ceiling fans or
carefully designed natural ventilation. In c¢limates with a wide
diurnal temperature range, consider constructing warehouses using
materials of high thermal mass. By increasing natural
ventilation at night and greatly reducing it during the day, it
is possible to maintain daytime temperatures substantially below
the ambient maximum.

In hot climates, avoid storing pharmaceuticals next to poorly
insulated external walls that are exposed to solar radiation.
Such walls absorb and transmit heat, and internal surface
temperatures may rise substantially above the general internal
alr temperature at certain times of the day. Place shelving or
pallets at least 0.6 metres away from external walls, or use the
building perimeter for the storage of items that are not heat
sensitive.

In cold climates, the general store area will have to be heated
to protect drugs against freezing.

Low natural light levels reduce solar heat gain and minimise the
risk of ultra-violet damage to pharmaceuticals stored in exposed
transparent containers. Exposed containers are only likely to be
found at lower level depots. Where transparent containers are
cartonised, flourescent lighting may be used. However, where
they are exposed, artificial light should be provided using

tungsten bulbs or fluorescent tubes with low ultra-violet
emission.

Buildings should be designed to minimise dust infiltration.




5.7 FIRE PRECAUTIONS

Certain pharmaceuticals and consumables (such as ether) are
highly volatile and inflammable. These will have been identified
on the Drug Item Storage Proforma and they should be located in a
separate store. This should be independent of the main building
or in a fire-proofed compartment within it. Fire protection must
be to a standard at least as high as that regquired by local
building codes for hazardous chemical stores. If contained
within the main warehouse, one wall should be external and should
contain large ventilator grilles positioned so as to enable a
fire to vent outwards without risk to the main structure or to
surrounding buildings.

all sections of the warehouse should have adequate fire detection
equipment and be well supplied with fire-fighting appliances.

5.8 SECURITY PRECAUTIONS

Depending upon the quantities involved, controlled drugs must be
stored in a high security area, or in a locked cupboard, and must
be under proper administrative control.

Pharmaceuticals are small, valuable and prone to theft. The
warehouse complex should be designed with security in mind,
according to the following principles:

~ Unsupervised accegss from the loading bay to
the store itself should not be possible. In
particular, the order-picking area-must be
secure.
Access between the office accommodatlon and the
warehouse should be visible from the office area.
The loading bays should be clearly visible from the
office area.
Sanitary facilities and changing rooms should not have
direct access from the warehouse and, equally, should
not be accessible from outside. Visiting drivers and
other outsiders should have segregated sanitary
facilities.
Wwhere relevant, staff car parking should be well
separated from the loading area.
Adequate perimeter fencing and external lighting
should be provided.

5.9 STORE LAYOUT PLANNING
In order to reduce travel distance to a minimum when taking goods

into stock, the relationship between the width and the length of
the store area should be between 1:1 and 1:2.




When handllng materials, it is gDDd practlce to place slow moving
lines in long aisles and fast moving lines in short aisles. A
large number of short aisles reduces the risk of gqueues forming
or interference in the gangways. This 15 partlcularly 1mp0rtant
in warehouses where handllng intensity is high but passing in
aisles is not possible. Figure 5G illustrates the principle.

High and low frequency storage can be combined so that fast
moving lines are positioned nearest to pick up or set down points
and slow moving lines are further away. Figure 5H illustrates
this,

Cross aisles should be provided at reasonable intervals so as to
reduce travel time from aisle to aisle. The most appropriate
SpaLlng will depend upon picking frequency. A rule-of-thumb
figure is between 10 and 20 metres.

The use of different shelf levels also provides a means of
separating slow and fast moving lines. See Figure 5J.

Picking stock and buffer stock can be arranged in a variety of
ways :

Pallet standing: One area of the warehouse can be assigned for
picking stock and another for buffer stock.

Pallet racking: The lower tier or tiers may be used for picking
stock with buffer stock stored above. The buffer stock can be
organised quite independently of the picking stock. One of the
lower tiers may also be used for shelved stock (Figure 5E).

Shelving: If the shelving is organised along the principles shown
1n Figure 5, buffer stock may be stored at high and low levels

with picking stock within easy working height. This system 15
partlcularly appropriate if ladder-accessible high shelving is
installed.

When laying out main and working aisles in a warehouse, consider
the length of the picking route. This is particularly important
when a picking list contains few order lines in relation to the
number of picking locations. If the warehouse layout forces the
picker to take a longer route than necessary, this will reduce
picking efficiency and increase staffing costs.

Intermediate floors: Tall warehouses may be fitted with
intermediate floors. Such an arrangement is most appropriate when
most of the stock is to be held on shelves rather than pallets.

5.10 ANCTILLARY AREAS

Detailed information on the design areas ancillary to the main
store is outside the scope of this Guideline. However, a well
planned pharmaceutical warehouse should include the following:




a) Adequate office accommodation situated so as to permit
good supervision of store, packing, receiving and
despatch areas whilst providing space for stock records
and other administrative operations.

b) Receiving and despatch bays of a height suitable for the
types of delivery vehicle to be used and with adequate
space for leading and unloading.

c) An area, adijacent to the receiving bay, for checking,
inspecting, sorting, bulk breaking and palletising
incoming goods for storage.

d) An area for assembling orders, where goods that have been
picked can be packed for despatch.

e) Consideration should be given to the choice of container
in which orders will be packed and transported. The
options include: disposable cartons; open topped,
stackable, reusable crates; and reusable boxes with
lockable lids.

£) An area where assembled orders can be kept under secure
conditions prior to loading onto delivery vehicles.

q) Space for storage of unused pallet-racking and shelving
components, pallets, waste packaging and reusable or
disposable delivery containers. A compactor may be
necessary for compressing waste cartons.

h) Space for storing and charging battery powered handling
equipment.
3) staff welfare and amenity space, including adeguate

lavatories and washrooms together with any other
facilities that national standards require.

5.11 DESIGN FOR GROWTH

Wherever possible a warehouse should be designed to allow for
future growth, both anticipated and unforseen. Different layouts
can be extended in ways that produce different effects;

sometimes accessibility is improved and sometimes capacity is
expanded. It is necessary to know in advance what is required of
the extension, and to choose a layout that gives the desired
method of expansion whilst minimising disturbance to the
operation. Possible layout variations are shown in Figure B5K.

T-shaped warehouse

The features of this layout are:

- Inward and outward flow are on the same side of
building.
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- The warehousze canh be extended both rearwards and
laterally without disruption. Rearward extension
increases turnover speed. Lateral extension
increases intake capacity, but the increased storage
capacity gained in this way is at the expense of
accessibility.

If the warehouse throughput is small enocugh, inward and
outward movement of goods can be monitored from one
point.

Through flow warehouse

Features of this layout are:

- Inward goods movement and outward goods movement are on
opposite sides of the building. This is likely to
require separate staff for monitoring inward and
outward movement of goods.

- The building can only be extended sideways without
disrupting operations. This gives increased storage
capacity but reduced accessibility.

Corner warehouse

Features are:

— Inward goods movement and outward goods movement are on
different sides of the building. However, one person
could monitor both from the corner between the two
loading areas.

— The warehouse can be extended in two directions in the
same way as with the T-shaped plan.

Comments on the arrangement and expansion of the store areas
apply also to the arrangement of the whole warehouse building and

the site layout. This must be planned so that extensions can be
made :

Without operational disturbance.

With minimal destruction of building elements already
constructed.

Without destroying roads and other physical
infraztructure that have already been built.




Figure 5A Transit Warehouse

“Goods in.

Ty

- 8orting

V[

Bulk’ stackmg

-
|

Sort for depot -

v

]

Load accumulation” |

V

Goods out

! }

Figure 5B Distribution Warehouse

Goodsnn

é Bulk store J“—-

y

i =,

Eﬁeck/inspect

e

Sorfing, break bulk,

panehse

-y

Slow moving lines

Order plckmg

A

Drder assembly

HNAY/

Load assembly
A

Loaa vehlcles

. \‘. f’r

G;_q_d s out

a7




Figure 5C Storage Systems
{from Falconer & Brury, 1975)
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Figure 5D Pallets & Pallet Converters
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{from Falcaner & Drury,
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Figure 5F Pallet Trucks

{from Faiconer & Drury, 1978)

Manual pallet truck

Uses and limitations
Internal transfer wirhin
warshouge for order build-up,
loading vehicles on raised docks
general paller handling; with
tzil-lift vehicles. Increasingly
used in retail premises for
handling -bulk goods, can be
used as g stillage tritck with
adapror fitted, Where loading
ramps are used pallet rrucks
with brakes should be supplied.

Sizes and capacity

If over 1500 kg capacity and
long distance travel is required,
& powered truck is better, az
operatives 5000 tire when
pushing heavy loads,

Fork lengths available from
0-81 m to 162 m, Widths also
vary fram 460 mm to 680 mm,
Where gangways ate very
narrow and geability is
important, a heavy truck should
be used with as much width
between forks a5 possible,
Height lowered 83 mm;

height raised 203 mm.

Pallet width should be 152 mum
over fork (rypical length is
1-06 m for a 1-21 mn pallet).

Space requirements
Will twrn in its own length.
Additional clearance for
overhangs, ‘

Equipment design
Large whesls in nylon or with
solid rubber tyres are required
on uneven floors or for heavy
loads; sreel wheels are also
available but zre less popular
nowadays,

Building nceds

Level floors, articulating axles
available for trucks to be used
in old buildings, but 2 good
chanee of unstable Ioads.

Shaped or angled fingers for
drutn, paper roll handling.
Skid adzpror for stillages.

Manual stacker truck

Usually manually powered for travel and lift using
hydrawlic hand-pump for lift, so is restricted in lifting
ability in height and weight. Power and manual control.

Uses and limitations
Internal lifting. Best used as
secandary lifting device in
loading area. Ideal as portabie
unit travelling on delivery

" wvehicle, Pallet and stillage
handling. Lift is restricted and
slow. Heavy loads can tire
operator. Can be fitred with
numeroits small attachments for
lifting drums, rolls, sacks stc,

Sizc and capacity
Very varied with loads from
0-2 to ¢ 76 tonnes lifting up w0

18 m, Width 763 mm on
standard straddle. Check thar
lifting centres are suitzble for
pallet handling.

Space requirements

Will turn in own length and
with 814 mm ¢ Y62 mm pallct
could be operated in -5 m
aigle,

Building needs
Level floors.

Power travel and lift pedestrian-
controlled stacker truck

il

L1, .

—r

When travelling, the pallet rests on the stacker frame,
which has rravel wheels; power lifting is independent of the
travel fiame, and is directly into the rack. Only suitable for
short travel distances.

Uses gand limitations
Internal Lifting under localised
conditions with relatively light
loads up to 3+ 6 m. Pallet
handling, Not suitable for
horizontal movement over
anything but shorrest distances,
Would work well with pallet
truck. Can be supplied with
arrachments.

Size and capacity

Capacities to 1500 kg at 600 mm
Cenrres,

Straddle with 864 mm to 13 m.
Mow available in more compact
form,

Travel speeds to 48 kpm Jaden,

Space reguirements

Will turn with full lead in

2+2 m aigle,

Tyres tend to be polyurethane,
Lift height to 3-8 m (wiple
extencion mast).

a = 1300 mm (800 4+ 1200 mm
pallet)

= 1500 mm (1000 + 1200 mm
paller)

b = width of largest load

+ 100 mm

increase of b means a can be
reducad.

Equipment design

Can be fitted with scissors
mechanism to make it inte a
reach truck.

Batteries will now work full
shift without recharging.

Building needa
Level floors; single or
three-phase supply.
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Pedestrian-controlled forklift truck

Uses and limitations
Internal lifring under localised
conditions with relatively lighe
loads up to 3-6 m. Pallet
handling.

Can be fitted with most
attachments.

Sizes and capacity

Lift height up to 3-6 m.

Load up 1o 0-9 tonne.

Straddle width from 889 mm to
1:3 m. (Not less than 1:2m
for maxirnuam lift.)

Powered travel and lifr forklift machine of heavier duty than
stacker truck. Pedestrian control of forklift and reach truck
enables accurate manoeuvring in restricted areas, but are
slower than rider trucks. Range of sizes from small
machines to full size forklifts with pedestran control,

Space requirements

Will turn in own length and
with 914 mm » 762 mm pallet
wonld work in 1'-8Bmmw 1:9m
aisle. (MNeeds more space for
maneouvring than manual lift
truck with power lift.)
Capacity—{0:56 tonne load at
457 mm centres 3:6 m in

1-8 amle.

Building needs
Level floors. Charging point
either single or three phase.

Stand-on reach truck General dimensions  FRES 2.1/1.15
mm in
Al Evarsul Length 1600 59
nd of Fower Linit {0
A2 paceol Forks 830 32%
A3 Fork Length 80O 32
B1  wWreelbase 1220 48
C1 Turnirg Radius 1420 56
0 Underclearance 55 2'a
E1  Power Unit Width &75 e
E2  Fork Camiago Width 815 az
E3  wWidthof Fork 100 4
E4  Width between Raach Leqgs 860 22
E6  Reach Leg Width 125 3
F1  Cveral Height {Less Mast) 1740 88
@1 Steer End Cverhang 195 7%
G2 Load End Overnang 150 5
G3  Castor Off-set 45 1%
BTAGKING AISI ES H1  Haight of Mast (Lowered) 2110 a3
H2  Height of Lift 3080 120
Load Lan BOmm [ 1800mm | 1200mm [ 1600rmm - -
o o or azm or 40:-} ar 43': orB3in H3  Cwerall Height (Raised) SROY 142
80" Stacking | 1630rmm | 1830rmm | 2030mm | 2410mm j; Driva/Castcer\:\:'»c:BL Track % ?g?g
At Wickthy orBdin| er72in| orBOin| ordhin h
K1 Haight of Stand-on Platform 320 12V
Each aiske SIMension Shown 18 1he MInmum required Dy the K2 Heght of Reach Leg 185 7l
truck andl its load and an allwance for operating clearsnce Lt Reach Travel 745 20V
et Bo Jeided. 3 i eciusive of BAc kit axiansion
Reach General dimensions FRER9/1.6 FRER®/2.0
Tr uc k mmooA mm N
A1 Owverab Lengti 15| 1725 B7 1855 73 el
A2 Endof Power Linitto Face of Forks 1078 420 | 1182 450 0 -‘r ! I
A3 Fork Length 13 7 1000 40 1000 40 :'t_' i
Bt wWheslbase an | 1320 G2 115 BB
C1 Turring Radiws 19 1 1600 83 1700 67 CEEE Ty
1 Undecglearance (Mimmgm) ar 75 5 ™ 3
E1 Powar Lind Width 18 | 1220 48 1220 48 . H3
E2 Fork Carnage Width %80 a8 960 38 Fi H1
Eork Soreac M 13 | 335 13 333 13%a H2
o Mammum 131 816 A2 B0 3% K1 | peitety]
B3 Fork Width « Thickness 193 N120xaH 8% ba| 120x50 43uxd l H?E
B4 Width between Preach Legs 925 36 Bas 3% L B i 1.1
EE CwveralWidth (Reach Legs) 1215 . 48 1215 48 &1 —a1 =gz j
B8 RoochLogWidth 145 S TS =Yg fm—— AR _,_Ag"_
F1 Overall Haight (Less Mast) N80 25 2180 85 s0mm(2)
G1 Steerznd Cuarhiang 275 10w 2¥5 0 A0 i ‘
G2 Loud Eng Cvarhang 205 8 225 Bha | ] ‘ i
H1 Height of Magt {Lowered) 17| 60 /5 2160 BA ‘ ‘ .
H2 Height of Lift 10 | 3200 126 3200 126 | l |
H3 Overal Heignt (Rased) 1M a0n 158 | acas s E1 .2 EG E4 E2 ED JIES
H& Farl Free Lift 1 500 20 308 20 | |
J1 Load wheel Track a8 | ge 44V 1125 a4
J2  Hlear Wheel Track 26 (&lcle] 28 G0 22 J—
K1 Heght of Saat {Compragsed) 1095 43 1095 43 r-
K2 Height of Reachl.eg 260 1% 355 P4 = w1 Ll
L1 Aeach Travel Tz4 8% B3 30
W1 80° Ausle (Min Thaoretios) 214 2080 B8R 2160 8% J

52




Figure 5G Store Aisle Layout Principles
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Figure 8K Warehouse Layout Principles
(Adapted from Electrolux Constructor 1983)
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APPENDIX 1. THE DISTRIBUTION AND STORAGE SYSTEM

Al.l ACKNOWLEDGMENT

The material that follows in this section is adapted from
‘Managing Drug Supply’, published by Management Sciences for
Health. Readers are advised to refer to this essential
publication.

Al.2 INTRODUCTION

Unless the pharmaceutical distribution network can maintain drugs
in good condition and can deliver regularly to all health
facilities, time and money spent on careful drug selection and
wise procurement practices are of no consequence for public
health.

In many public health systems, storage and transport of supplies
rank low as budgetary and planning priorities, and the staff
allocated to these activities generally have poor status. This
tendency to neglect distribution is unfortunate because storage
and delivery are areas where fast, tangible improvements can
often be made at low cost. Good storage conditions contribute
significantly to the maintenance of drug potency; better
management of transport can markedly improve delivery, more
careful supervision of distribution staff can $1gnlflcantly
reduce drug wastage and theft, and careful sizing of warehousing
can reduce capital and running costs.

Al.3 EVALUATING THE EXISTING SYSTEM

The first step to take in improving the logistics of drug supply
iz to analyse the existing system against the checklist set out
below:

Al.3.1 Distribution network

a) How is the distribution network organised?

- Where are the major supply sources located?

- Where are the storage facilities located?

- Where are the clinical facilities located?

- How many levels does the distribution hierarchy have?
- What are the transport routes belween facilities?

~ What means of transport are used?

B How is the distribution system administered?

c) What are the travel times and mileages between warehouses
and clinical facilities?
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d)

e)

Al.3.2

b}

c)

d)

e)

£)

g)

h)

Al.-4

Are there significant regional variations in travel times
and mileages?

How much are travel times affected by seasonal factors
{(rainy seasons, etg)?

Storage (each facility)

How is the storage facility organised?

- Staff organisation chart?

- Physical layout of storage and administrative
facilities?

- 8tock administration procedures?

- Transport organisation?

- Building maintenance arrangements?

- Transport and equipment maintenance arrangements?

How well do the basic routines of receiving, storage and
shipping work?

At central level only: From date of despatch by the
supplier(s), how long does it take for drugs to arrive at
the central medical store(s).

How long does it take to process a requisition and
prepare a shipment?

How long does it take to determine the guantity of each
item in stock?

Using the VEN categories (Vital, Essential and Necessary
drugs), how many Vital, Essential and Necessary drug
items have been out of stock in the previous 12 months,
and for how long?

What is the physical condition of:

- The pharmaceutical stock?

- The buildings?

- Air conditioning and refrigeration equipment?
= The handling eguipment?

- The transport fleet?

Is the size of the building correct?

DESIGNING A DISTRIBUTION AND STORAGE SYSTEM

The steps to take in designing or modifying a distribution system
are as follows:
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Al.4.1 Establish a distribution network

Determine the optimum number of levels in the distribution
network and the delivery routes between the facilities. Work
towards a system that is simple to manage and which keeps costs
as low as possible whilst providing regular, scheduled drug
deliveries that minimise the risk of stockouts.

Factors which influence distribution network design are:

a) Number and geographical distribution of clinical
facilities,

b) Effect of route and distance on the time taken to reach
these facilities.

c) Number, type and capacity of existing storage facilities.

d) Management skills at each level.

e) Transport alternatives, their relative costs and their
dependability.

A basic requirement of system design is to establish the number
of levels in the distribution hierarchy. This is a complex
process. Figure Al.A compares the most common patterns -
three-level and four-level systems, whilst Figure Al.B compares
the comparative value of inventory in four typical networks. All
assume the following common features:

- Annual consumption of $1,000,000 worth of drugs.

- Drugs dispensed by level-of«use with reduced lists at
lower levels.

— No more than 5% stockout rate with moderate variability
in demand and delivery.

- Delivery every six months at highest level, every three
months to central and regional facilities, every two
months from hospitals to health centres and monthly to
first aid posts.

Examples A and B are three-~level networks whilst ¢ and D have
four levels. The addition of a Central Medical Store level
carries significant implications in terms of the amount of
inventory required to maintain the necessary amount of working
and safety stock. In the examples given (compare A with C, and

B with D), the value of stock is one-third higher when a central
storage facility is added. Comparison of networks A with B and C
with D also reveals that additional safety stock may be reqguired
when regional medical stores are entirely separate from clinical
facilities, such as regional and district hospitals.

Three~level systems are generally less expensive to set up, to
operate and to manage. However, where travel times and
geographical separation are great, four-level systems often
provide a better service. They may even be cheaper to operate
since they may reduce the need to airlift supplies during adverse
weather or epidemics.
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The following steps may provide a useful way of arriving at a
reasonable hierarchy for an individual country or programme:

a) Make a diagram of the existing distribution network,
including all ¢linical and storage facilities and their
supply lines. Establish the throughput of drugs at each
node in the network and estimate current inventory costs.

b) Make a diagram of up to six feasible alternative
networks. Include patterns based on different linkages
between existing facilities as well as ones that require
new facilities.

¢) For each alternative, estimate as accurately as possible
the costs and benefits associated with the system
characteristics listed in Figure Al.A. Establish the
throughput of drugs needed at each node in alternative
distribution networks and assess whether this can be
achieved. Estimate inventory costs for each alternative.

d) Select and implement the system that provides the best
quality of service with available funds, or justify and
make application for additional funds based on arguments
of improved effectiveness.

Al.4.2 Locate medical stores

The placement of medical stores can be described in terms of
location and site.

Location refers to the city, town or dgeographical position of the
warehouse. Whilst clinical facilities (which may contain
pharmaceutical storage) are located to serve patient needs, the
goal of warehouse location is solely to promote the fastest and
least expensive transport of supplies from source to user. The
factors to consider are:

a) Location of supply sources.

b) Number and location of clinical facilities.

) Available transport links between sources and clinical
facilities.

a) Trans-shipment requirements for land, water or air
transport.

c) Seasonal factors that may sever routes.

d) Number, type and capacity of existing storage facilities.
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Al_4.3 Site medical stores

Once the location of the warehouse has been chosen, a site needs
to be selected. The aim of site selection is to ensure the
ability of the warehouse to receive, safeguard and distribute
supplies. Consideration should be given to the following
factors:

a) Access : Year round accessibility.

b) Proximity: Good access to transport links.

c) Adequate size: Unimpaired vehicular entry and exit
arrangements, adequate parking. Space for expansion.

d) Good site drainage: No risk of flooding to site or
surroundings.

e) Security: Area not likely to invite intrusion or
vandalism.

£) Communications: Reliable telephone service.

q) Utilities: Reliable water and electricity supply.

h) Housing: Adequate housing, etc., available for staff

within reach of warehouse.
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APPENDIX 2. PURCHASING AND INVENTORY CONTROL

AZ2.1 ACKNOWLEDGMENT

The material that follows is adapted from ‘Managing Drug Supply’
published by Management Sciences for Health. Readers are advised
to refer to this essential publication.

A2.2 INTRODUCTION

The adoption of an inventory control and purchasing policy is the
principal determinant of the dquantity of drugs to be stored and
the size of the warehousing needed.

AZ.3 COSTS AND BENEFITS OF INVENTORY

Purchasing policy is frequently perceived to be preordained by
national fiscal procedures and the economic¢s of the international
drug market. However, the essential purpose of such a policy is

to balance the costs and benefits of holding inventory.

A2.3.1 Benefits of holding inventory '

a) To protect against uncertainty. Inventory absorbs
fluctuations in supply and demand and acts as a buffer
between the manufacturer and the patient. If deliveries
are unexpectedly late anywhere along the line, or if
demand suddenly increases (as in an epidemic), adequate
inventory protects the system from a stockout.

b) To permit bulk purchasing or large-scale manufacture.
Unit prices for drug purchases, as well as manufactured
items, are generally lower when large quantities are
ordered. These quantities are held as inventory and
distributed as needed.

c} To minimize waiting time and to increase transport
efficiency. Stock held at points throughout the
distribution system increases drug availability to the
patient and reduces transport costs.

dj To buffer seasonal effects. Seasonal changes in demand
for drugs are, to some extent, predictable. Adequate
inventory provides a buffer against peak demand. If
located in the right places, this overcomes problems of
distribution during adverse weather conditions.

A2.3.2 Costs of holding inventory

Buying and keeping inventory is expensive. These holding costs
may be a substantial percentage of the average inventory value -
at least 20%, and possibly much more. All such costs should be
evaluated under the following headings, before finalising a
purchasing policy:

Az2.1




A2_4

Inventory costs. The capital and interest costs of drug
purchase,

Capital costs of building and equipment. The capital
costs of warehousing space and associated equipment.

Running costs of the buildings. The cost of maintaining
buildings and equipment, electricity supply costs,
security services, insurance, taxes etc.

Labour costs. Wages and salaries.

The costs of drugs lost through deterioration, expiration
and obsolescence. These costs may be particularly high
when large inventories are held, when drugs are stored
under the wrong environmental conditions or when
inappropriate stock administration methods are adopted.

Pilfering. This needs to be considered in relation to
costs of introducing adequate security precautions.

WORKING STOCK, SAFETY STOCK AND SERVICE LEVEL

The ideal inventory model is shown in Figure A2.A. The stock in
hand consists of two components, the working stock and the safety
stock.

Figure A2 A

Ideal Inventory Model
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Working Stock varies from zero to the order quantity (Q) and
represents the stock which is used to satisfy demand between
deliveries. ‘

safety stock (S) exists to protect against stockouts, which would
otherwise occur when deliveries are delayed, oxr when demand is
unexpectedly high. o

Tn the ideal model, drugs are issued in response to demand and
the stock in hand steadily declines until the point at which a
new order must be placed. Following the Lead Time period, during
which the activities of the procurement cycle are performed, the
quantity ordered (Q) is received and the inventory level is back
to its starting point (Q+S).

From the figure the following is apparent:

Average working stock = Q/2

Average Inventory = Q/2 + 5

To reduce the average inventory and thereby to reduce the cost of
holding inventory, either the working stock or the safety stock
or both have to be lowered.

If drugs continue to be used at a constant rate, the working
stock can only be reduced by placing smaller orders at more

frequent intervals. In other words the size of Q is reduced.
The effect of this is shown in Figure AZ.B.

Figure A2.B
Impact of Order interval on Average Inventory
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Reducing the safety stock increases the chance of stockouts. In
pharmaceutical supply there is no clear financial optimum as
there is in a commercial enterprise. Instead, the cost of
additional safety stock must be weighed against the potential
health impact of stockouts.

The effect of safety stocks can be measured in terms of the
Service Level. This is defined as the percentage of requests
that can be filled from stock-in~hand. For example, a 95%
service level means that a specific drug is in stock 95% of the
time on average. The companion to this concept is the Stockout
Frequency. A 95% service level corresponds with a stockout
frequency of 5%.

The level of safety stock required to assure a given service
level is based on mathematical probabilities and is demonstrated
in Figure A2.C. The point to note is that the cost of safety
stock required increases very steeply with the highest service
levels.

Figure A2.C
Safety Stock Requirements to Maintain Service Levels

Cost

Safety
Stock

T ] T
50% B80% 90%

Service Level
{Probability of Satisfying a Drug Request)

There are many ways of estimating the safety stock required to
achieve specific service levels. The more precise methods
require historical data on consumption patterns, which are not
always available. The simplest approach is to establish
arbitrary levels and then to adjust them on the basis of delivery
lead times and experience with different types of drug:;
particularly knowledge of seasonal demand and of the 7VEN’
category of the product (Vital, Essential or Necessary).
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Obviously the longer the lead time, or the more vital the drug,
the greater the safety stock needs to be. A reasonable starting
point might be as follows:

Lead Time Safety Stock

1 month ' 2 weeks’ usage
2 months 4 weeks’ usage
3 months 5 weeks’ usage
4 months 6 weeks’ usadge
& months 8 weeks’ uszage
8 months 9 weeks’ usage
12 months 12 weeks’ usage

Carefully kept inventory records should indicate average stock
levels, and the frequency and duration of stockouts. These
records can be used to adjust safety stocks upward or downward.

For the purpose of sizing pharmaceutical warehouses it is best to
over-estimate safety stocks. The aim is to ensure that adequate
space is available should safety stock levels have to be revised
upwards.

A2.5 INVENTORY CONTROL AND PURCHASING AT THE CENTRAIL LEVEL
There are four types of inventory control system that may be used
at the central level. The characteristics, advantages and

disadvantages of each are summarised below:

A2.5.1 Annual Purchasing

This is a commonly used system. Accounting policies in many
countries require that funds be spent in the same fiscal year
that they are committed. Drug requirements are determined
annually and contracts are awarded for one year’s expected drug
consumption. Orders must be initiated early in the year to
ensure that drugs are paid for before year’s end. The supplier
may make one large delivery or a small number of split
deliveries. Supplemental orders are often placed during the year
to meet unexpected needs.

The central medical stores is dependent upon large and infregquent
deliveries and there are many opportunities for delay in the
processing or shipment of the order. Consequently a large safety
stock has to be established.

Advantages of Annual Purchasing
- When purchasing is done on the basis of estimated
regquirements submitted by a large number of health

facilities, estimates can be collated more readily if
they are collected only once a year.
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- A single annual purchase makes it easier to
reconcile drug needs with available funds. Using past
price information and current needs estimates,
procurement costs can be projected. FProm this
projection, adjustments in drug orders or funding can
then be made.

A large single purchase is a convenient way to stock a drug
supply system at its inception. However it may remain the
pattern because the system is never guestioned.

Disadvantages of Annual Purchasing

— An uneven workload results. Purchasing staff are
overwhelmed in the first part of the fiscal year and
are subsequently underemployed. When the drugs are
delivered the burden shifts to the port-clearing and
warehouse staff.

- A large sum of money is required within a very short
time. In some countries there also has to be a foreign
exchange allocation. This can create difficulties in
completing payment and in c¢learing goods from the port
of entry.

- The central medical store has to be excessively large.
Consequently the inventory holding costs are higher
than they need be. For much of the year storage
buildings, eqguipment and staff will be under-utilised.

= Annual purchasing systems do not adijust well to
short-term changes in consumption levels, in comparison
with systems where purchasing is more frequent. It is
difficult to avoid over- or under-buying, and expensive
emergency purchases may have to be made.

Summary of Annual Purchasing
Annual purchasing is a reasonable system to use in a new or small
programme. However in most cases, as experience is gained, other

methods will be found to be more efficient and economical.

AZ2.5.2 Scheduled Purchasing

S5cheduled purchasing is the term used to describe any periodic
inventory system in which the reorder interval is less than one
vyear. 1In countries where there is ready access to supply sources
and where lead times are only a few months, re-order intervals as
short as one month can be used. However, for most countries
three months is the minimun feasible, and four to six months may
be more reasonable.

Where review periods are three to six months, scheduled
purchasing can operate in much the same manner as annual
purchasing, using similar estimating techniques. The average
working stock is smaller because it is replenished more
frequently. It is important to take full account of lead times.
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Failure to incorporate lead time considerations into quantity
" estimates for rapidly growing programmes invariably results in
stockouts.

Advantages of Scheduled Purchasing

- Work load is distributed more evenly throughout the
year.

- Inventory costs are substantially reduced.

- Supply needs for high usage or variable usage items can
be reconsidered more frequently. This reduces the need
for costly emergency shipments.

- Estimated expenditure can still be compared with the
remaining budget allocations to determine adjustments.

Digsadvantages of Scheduled Purchasing

- May complicate accounting and reporting procedures
since most procurement cycles will not start and end in
the same fiscal year.

- Dangerous stockouts may still occur although this risk
can be reduced if informal stocktaking is done at
fregquent intervals.

Summary of Scheduled Purchasing

This system is used successfully in many large programmes. To
reduce the risk of stockouts through sudden changes in
consumption it is important to have a warning system or emergency
stock level built into the system.

A2.5.3 Perpetual Purchasing

With this system the inventory level is reviewed on a regular
basis (usually after each transaction, but at least weekly).
Whenever the stock level falls below a predetermined point -
known as the reorder level - an order is initiated. Every order
is for a standard gquantity, chosen as an economic order guantity
for that item. The re-order level is established from the safety
stock, the average lead time for the item and the average
consumption. There should be encough working stock in place when
the reorder level is reached to last until the next order
arrives. If demand for a particular item rises to the point
where orders have to be placed too frequently, the economic order
quantity is simply increased. Although it can be calculated, the
economic order quantity is frequently set at three to six months’
consumption.

Advantages of Perpetual Purchasing

- Allows rapid response to sudden increases in
consumption because the inventory position is reviewed
almost continuously. To be effective, this requires
accurate inventory control information, reliable
consumption data and frequent review of inventory
records.
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- Potentially ensures the most even workload distribution
over the year, making it easier for specialised staff
to work continuously in their area of expertise.
Nevertheless, there may still be short periods of heavy
workload.

Disadvantages of Perpetual Purﬁhasing

— It is extremely difficult to coordinate the review of
stock levels in peripheral facilities, e.g. where there
are multiple regional stores or regional health
districts.

- Where budgeting is the responsibility of the central
level, it may be difficult to plan and anticipate drug
needs and expenditure for the whole programme. )

- Where communication iz difficult and advertisement of
tenders is a lengthy process, fregquent ordering may be -
administratively guite difficult.

Summary of Perpetual Purchasing

Perpetual purchasing is best instituted where a well functioning
information system exists, where communication with suppliers is
prompt and accurate, and where the programme needs tight
inventory control and rapid response to changes in consumption.

The system is greatly facilitated by the use of computerised
inventory control.

A2.5.4 Modified Optional Replenishment

This is a variation of the fixed order interval system in which
there is a reorder level (ROL) as well as a reorder interval
(ROI) and a maximum stock level (MAX). At the normal review
date, if an item is being consumed particularly slowly and the
inventory is above the ROL, then no order is made. This method
protects against habitual overstocking but risks more frequent
shortages. To prevent this a minimum stock level (MIN) is
defined which provides a second control limit. The ROL is used
at the formal review dates and the MIN is used in between to
prevent the inventory declining to a dangerously low level.

A2.5.5 Choosing a System

The selection of an inventory control and purchasing system for

the central level must reflect local conditions and incorporate

local requirements. Each of the four systems has its .
application. The following is a summary:

- Annual Purchasing is the simplest to administer but
produces very uneven workloads.

- Scheduled Purchasing at intervals of three to six
months iz administratively nearly as simple as annual

purchasing, but leads to smaller inventories and a more
even workload.




- Annual or Scheduled Purchasing is to be preferred when
central procurement is used and goods are shipped
direct to regional warehouses.

- A Perpetual Inventory system responds most quickly to
changes in demand. An Annual system responds most
slowly.

-~ Perpetual Purchasing and Modified Opticnal
Replenishment schemes require considerable
administrative skill and experience. When properly
managed they can be the least costly to run.

- Balancing drug orders against available funds is
easiest with Annual Purchasing and most difficult with
perpetual Purchasing or Modified Optional Replenishment
schemes.

- Some procurement patterns may be incompatible with
government accounting rules. If the rules prohibit an
otherwise superior system, efforts should be made to
obtain exemption.

pDifferent systems have their place at different stages in a
programme’s development. Annual Purchasing is useful for small,
new programmes, but should be avoided as a permanent system. It
is wise to review the benefits of changing the system as the
programme evolves and to develop a strategy for implementing such
changes well in advance.

Figure A2.D shows the characteristics of the three basic systems
in diagramatic form. Figure A2.E gives a technical description
of each.

AZ2.6 INVENTORY CONTROL AT THE REGIONAL AND DISTRICT LEVEL

Inventory control at regional and district level is generally
determined by transportation and storage considerations. The
most common system is a periodic inventory with a review period
and delivery interval of two to four months.

At each review period, stock records are checked and estimates of
drug requirements for the next supply period are made, based on
the current inventory position and recent consumption patterns.
The requirements are recorded on official requisition forms, and
transmitted to the central medical stores.

The frequency of requisitions and deliveries depends on the
capacity of the regional and district stores, and the number and
gize of vehicles. Frequent deliveries reduce the amount of
inventory and storage space required, but increase transport
costs.
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