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Introduction

Under the Roll Back Malaria Initiative and the objective to achieve universal mosquito nets (LLIN)
coverage by December 31st, 2010, the procurement of LLIN has scaled up significantly during the
past four years. Large quantities of LLIN have been delivered particularly to the most vulnerable
population groups.

The USAID | DELIVER PROJECT has played a major role in this effort. Within the past four
years, the USAID | DELIVER PROJECT has procured, transported and distributed close to 22
million nets to 16 countries for a total spending exceeding $103 million USD. Currently, the LLIN

commodity represents the highest dollar value of all the commodities procured under the USAID |
DELIVER PROJECT.

Further to this rapid growth and as part of a more general set of studies related to procurement,
freight and logistics analysis, the USAID | DELIVER PROJECT has asked PHD to analyze how
the LLIN industry has adapted to this rapid scale-up and identify potential trends over time and
whether there are any predictable cost drivers for the procurement of LLIN.






Objective of the Study

Every LLIN procurement is unique—different volumes, delivery locations, specifications---and
price has varied considerably over the past 4 years. Given this, it is difficult to determine both
trends over time and whether there are any predictable cost drivers.

The purpose of this review is to examine LLIN procurements over time and identify if there are any
general trends and if there are significant cost drivers or consistent factors that impact lead time.

Specific activities include:

Develop an analysis plan. This will identify the statistical approach to be used in the analysis
based on the likely sample size and variables.

Review past LLIN procurements

Compare ExWork prices and lead times based on the following factors:

Color

Shape

Size

Volume (size of order)

Net material (polyester or polyethylene)

Denier (density of fibers)

Identify trends over time

Review of other procurement approaches by other agencies to identify other procurement
models

Identify any significant cost drivers or factors that impact lead time.

The current study is organized into two main parts.



The first part of the study provides a quick analysis of the LLIN industry using some components of
the Porter’s Five Forces model. The model was developed by Michael Porter of the Harvard
Business School in 1980 and has been widely used for analyzing competitive and business strategies
across companies and industries. The intent of the first part is to provide a better understanding of
the LLIN industry’s characteristics and specificities and to evaluate how some of the factors relevant
to this market may impact the cost and potentially the lead time of LLINS.

In the second part of the study, we will use the USAID | Deliver program LLIN procurement
historical data, from the beginning of the program in 2007 through August 2010 to determine
potential trends over time and possibly identify which factors (if any) impact the cost of LLIN or
the lead team required to manufacture these LLIN.



LLIN Quick Market Analysis

Overview

The LLIN industry is in many ways similar to the textile industry. It remains a very labor intensive
industry as many of the steps required to produce a LLIN are still performed manually.

Over the past 4 years, with the objective to achieve universal coverage by the end of 2010, the
worldwide delivery of LLIN has considerably increased. During the first half of 2010, the estimated
number of LLIN distributed worldwide has reached an unprecedented level of close to 69 million
compared to 42 million over the same period in 2009.

To respond to such an increase in deliveries, the LLIN manufacturers have rapidly scaled up their
production capacity as/and no new competitors have entered the market during the same period of
time. By mid 2009, the production of LLIN seemed to have been leveling off at around 8 million
nets per month, still very far from the 13 to 17 million required to achieve the 2010 target.

Despite this significant increase in consumption, no significant technological breakthroughs were
achieved on the production side during the same period of time. It is not clear at this point that the
economies of scale and gain in productivity expected 6 years ago really took place and contributed to
decreasing the price of LLIN.

Another important characteristic of the industry is product diversification. Within the past 3 years,
the number of types and models of LLIN available on the market has significantly increased. LLIN
manufactures are now offering a large variety of products to better respond to their clients’ needs,
but also to differentiate their products and secure specific markets. Such a phenomenon has
increased the market volatility. Currently, the market can be described as a “spot market” - as each
new order has different set of specifications - and not as a “contract market” where volume
commitments on the long-term could result in long-term, competitive and more stable prices.

Product Specificities

e LLIN are considered the most effective tool of prevention against malaria and, as a result, are a
key pillar in the fight against the disease.

e LLIN are in high demand since 2007 following RBM’s recommendations to achieve universal
coverage by December 31% 2010. No real substitution products currently exist on the market
even though Indoor Residual Spraying is often seen as a potential alternative. No vaccine has
been produced so far. Whether or not demand for LLIN will remain strong in the near future is
an unknown.

e Nets are bulky and heavy and are expensive to store and to transport. As a result, producers try
to avoid carrying large inventories and want to sell their productions as fast as possible.

e The key cost components of a LLIN are yarn, machinery (warp knitting machine or extruder,
warping set, stenter and sewing machine), labor, land, building, training and quality control
facilities.



e As the below table illustrates, there is no standard “LLIN”. LLIN come in a wide combination
of sizes, colors, shapes, materials and deniers and the number of specifications keeps on
increasing year by year.

Figure 1: LLIN types procured to-date under the USAID | DELIVER PROJECT.
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LNs specifications Size 190x180x150 47%
Shape Rectangular 94% 160x180x150 1%
Conical 6% 190x180x170 9%
160x180x210 7%
Color White 7% 160%190x%210 5o,
Blue 22% 1250%250x65 5%
Light Blue 12% 160x180x170 4%
Green 9% 180x190x150 4%
Denier 150 41% 170x190x180 3%
75 29% 195x160x200 3%
100 20% 190x180x180 3%
115 10% 190x180x200 1%
Material Polyester 51%
Polyethylene 49%
Most common specifications Guuantity
Rectangular/Polyethylene/White/190x180x150 /150 Denier 2,960,000
Rectangular f Polyester f White f 190x180x150 / 100 Denier 2,298,650

e The production lead time has increased over time and can reach six to eight months today.

e The two main materials used to manufacture LLIN are Polyethylene and Polyester.

Suppliers of LLIN

e LLIN manufacturers must comply with the WHO Pesticide Evaluation Scheme (WHOPES)
requirements. As a result, the market is dominated by a small number of manufacturers:.
Four large companies (BASF, Sumitomo Chemical Co Itd, Vestergaard Frandsen and Bestnet
Europe Ltd) and three small producers (Clarke, Tana Netting and Yorkool Chemical)
manufacture most of the LLIN produced worldwide.

e New Entrants in the Industry. Despite a significant surge in demand within the past 4 years,
the current number of WHO recommended LLIN suppliers has remained fairly constant. Only
one new LLIN manufacturer, Dawaplus has been WHOPES approved between 2007 and 2009
despite the 2010 Universal Coverage initiative. More recently, at the beginning of 2010, one
additional company Yorkool Chemical was added to the WHO recommendation list.

® Barriers to Entry. Two key items can be identified as significant barriers to entry:



— 'The uncertainty about future demand (what will happen once we reach global coverage?
what will happen if a vaccine is discovered in the near future? if focus move to eradication,
the use of nets in the future will become questionable.)

— 'The high cost of a LLIN factory (the cost of establishing a LLIN factory is high —
estimates vary between $2- 2.5 million).

— The certification process can be long and the marketing costs can be expensive.
e There are no examples of vertical integration in the industry.

e Suppliers currently consider that the lack of defined and committed demand creates
manufacturing complexities and disincentives for expansion. Further, the increase in
specifications and the lack of order consistency is detrimental to production capacity
planning, optimization and to economies of scale.

Buyers of LLIN

e Even though the number of countries that receive LLIN is significant, the Buyers market is quiet
concentrated. Most of the LLIN are purchased by large international organizations including,
but not limited to, the Global Fund, Unicef, World Bank, PMI, Crown Agents and WHO.
Intermediaries play a very important role on the market.

e Buyers (countries) do not purchase consistently the same type of nets; in fact, Buyers almost
never order twice the exact same type of nets.

Figure 2 : In country distribution, Polyester vs. Polyethylene
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Competition and Cost

The LLIN industry is a pretty competitive business as product differentiation is limited. A
same item can be produced by multiple vendors; almost no vendor is in a position to
manufacture one specific product that other vendor could not also manufacture.

Vendors compete based on three key parameters: volume, price and delivery time.

Even though there is a general feeling (see Global Fund workshop report dated October 2009)
that “the larger the volume of bed nets, the better the responses from manufacturers on prices”,
it seems that quantities do not always have such a significant impact on pricing.

Based on the USAID | Deliver data (See Figure 4 page 20) the ExWorks costs of the nets
have been fairly stable and has not varied significantly during the past 4 years, between
$4.05 and $5.55 for a rectangular net and $6.02 and $7.41 for a conical net.

Cost information is difficult to obtain as key donors do not share pricing information.

Based on the current long lead time, it seems that vendors have been operating at close to full

capacity.

Table 1: Market analysis summary of key findings

Limited number of WHO recommended vendors (7 vendors total)

High demand (the universal coverage target by end of 2010 has generated a significant surge in
demand )

Future demand is quite unpredictable (increasing number of specifications)

Uncertainty associated to future demand (will the demand last? What will happen once Universal
Coverage has been reached?)

Very few new entrants (despite a surge in demand and long term funding commitments from
donors)

High cost of entry (estimated cost of a new factory: $2.5 million)

Increasing lead time (lead time has increased over time, the current lead time is close to seven
months)




LLIN Procurement under the
USAID | DELIVER PROJECT

Quick History of LLIN Procurement

Opver the last 3 years, from August 2007 to August 2010, the USAID | DELIVER PROJECT has
procured close to 22 million nets for a total spending of $103 million.

Two main categories of nets were purchased:
—  Rectangular nets, quantity 20,274,315 at a cost of $96,194,831
—  Conical nets, quantity 1,498,235 at a cost of $6,856,337

The smallest procurement of rectangular nets took place in 2008. The receiving country was Ghana;
the number of nets purchased was 54,500 for a total cost of $224,700 or a Ex-Work unit price of
$4.28 per net.

The largest procurement of LLIN under the USAID | DELIVER PROJECT took place in 2010.
The receiving country was Madagascar; the total number of nets procured was 1,715,000 nets for a
total cost of $7,834,400 or a Ex-Work unit price of $4.57 per net.

The USAID | DELIVER PROJECT has supplied nets to 16 countries, in 10 different sizes, 4
different colors, 2 different materials, 4 different deniers and 2 different shapes.

Data Analysis

The data we analyzed was extracted from the Orion database which is the tool used by the
USAID | DELIVER PROJECT to record and monitor all the commodities procured by the
program.

All LLIN procurements since the beginning of the program were extracted and gathered in an Excel
spreadsheet.

The criteria used during the data extraction process were as follows: Procurement reference
number, Country, Year, Date, Color, Shape, Size, Material, Denier, Origin, Ex-Work Cost, Quantity
Range, Quantity, Total Price, Unit Price, Production Lead Time and Name of Manufacturers.

Analysis Plan
The first step we took to run a statistical analysis was to verify that our data population was large

enough and if the data was showing some consistency year to year so that we could identify trends
over time using a specific type of LLIN.

Even though the USAID | DELIVER PROJECT has procured quite a large number of LLIN over
the past 3 years, the program has never procured the exact same type of nets (same dimension,
shape, color, material, denier and size) continuously over the same period of time. Without



consistent data for a same type of nets during the last 3 years, we decided to use the following
approach:

1. Graph some of the data extracted from our database and identify clear signs of correlation
between two criteria (i.e. volume and cost),

2. Identify at least one or two broader categories of nets (using one relevant criterion) and verify
whether or not we could use a standard statistical approach to identify trends over time for this
category,

3. Use some more elaborate statistical models (regression analysis, ANOVA technique) to establish
potential correlation among the different criteria that we extracted from the Orion database
(cost vs. size, origin vs. price etc).

Graph Analysis

Provided that one of the main objectives of this study was to identify what criteria (if any) could
help us predict the cost of LLIN over time, we thought that it would be interesting to first compare
the quantities supplied to the unit price over time.

Figure 3: USAID | DELIVER PROJECT: number of nets procured over the last 3 years
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As the above graph clearly shows, the amount of nets procured by the USAID | DELIVER
PROJECT has increased from 1.6 million units in 2007 to close to 9.6 millions units in 2010. The
compounded increase from 2007 to 2008, 2008 to 2009 and 2009 to 2010 is 81% per year.

For many commodities, such an increase in volume should translate in a unit price decrease
(provided that the cost of raw material did not fluctuate greatly over the same period of time).

Figure 4: LLIN average unit cost (Ex-Works) over time
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Despite a strong increase in demand, the unit price per LLIN has not decreased over the
past 3 years. In fact, remarkably enough, if we compare the total amount spent in 2007 (close to
$7.3 million) to the amount spent in 2010 (close to $44.5 million), it appears that the compounded
increase from 2007 to 2008, 2008 to 2009 and 2009 to 2010 is 82% per year. The compounded
increases in quantity and in price have been almost exactly the same over a 3 year period. Overall
the average size of the orders we have procured has not increased significantly over time even
though the total volumes procured have grown rapidly.

To better understand why the demand does not seem to impact the unit cost, it would be interesting
to look at the industry’s overall profitability. Have LLLIN manufacturers’ costs decreased (i.e.
through economies of scale), remained constant, or increased? In any case, looking at supply and
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demand, provided that all manufacturers seem to operate at full capacity, it would seem that there is
very little incentive for them to reduce their prices.

Even though the quantities purchased and the amounts spent have been multiplied by 6 over the
past three years, the average LLIN unit cost has not decreased. One possible explanation is that the
unit size of our orders has not increased significantly enough to generate tangible cost reduction on
a unit basis. Running a more thorough statistical analysis it appears that all of the very large orders
(> 750,000 units) had a unit price in the range of $4.25 to $4.75 slightly below the overall mean price
of $4.80. However, other cross tabulations shows that for other quantity ranges, price did track with
quantity.

Figure 4 above clearly illustrates that the shape of a LLIN has a strong impact on the LLIN
unit price. The Ex-Works price of a conical LLIN (red dots on the graph) is significantly
higher (45% on average) than the Ex-Works price of a rectangle LLIN (in blue on the

graph).

Figure 5: Market competitiveness
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Total amount USD expenses by Vendor per year

Market

Vendor 2007 2008 2009 2010 Total USD | sharein
%

Sumitomo | 1,505,000 | 3,619,725 | 16,506,610 | 15,866,500 37,497,835 36%
Vestergaard | 3,374,888 | 10,341,111 8,261,876 3,732,300 25,710,174 25%

BASF 4,735,300 5,053,928 | 13,387,270 23,176,498 22%
Bestnet | 2,403,500 2,549,900 4,829,500 9,782,500 9%
Clarke 3,697,500 3,697,500 4%
Tana 3,186,660 3,186,660 3%

Total | 7,283,388 | 18,695,136 | 32,371,914 | 44,699,730 | 103,051,167

Even though the average price of rectangular nets did not fluctuate much over the past four years,
Figure 5 shows that the LLIN industry is in fact a competitive and dynamic industry. In 2007 and
2008, three vendors supplied nets to the USAID | DELIVER PROJECT, in 2009 four vendors
supplied LLIN to the USAID | DELIVER PROJECT and in 2010 six companies are contributing
to the effort.
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Figure 6: Polyester vs. Polyethylene and Color vs. Cost

Average Unit Price on Ex-Works basis per Material of LNs procured ($)

Excluding Conical shape

Materiel 2007 2008 2009 2010 Average
Polyester 4.73 4.77 4.40 4.62 4.61
Polyethylene 4.34 4.34 4.61 4.65 4.49
Average 4.63 5.24 4.63 4.75 4.80

Average Unit Price on Ex-Works basis per Color of LNs procured ($)

Excluding Conical shape

Color 2007 2008 2009 2010 Average
Blue 4.37 5.31 4.49 4.94 4.57
Green - 5.35 4.76 441 4.57
Light Blue 4.99 5.75 4.58 4.87 4.93
White 4.59 4.76 4.20 4.53 4.48
Average 4.62 4.73 4.40 4.63 4.56

In terms of characteristics of beds nets, there is no statistically significant difference in unit price in
terms of color or material. Even though statistically not significant, colored nets are “generally”
slightly more expensive than white nets.

13



Figure 7: Size vs. Cost

Average Unit Price on Ex-Works basis per Shape and Size of LNs procured ($)

Shape | 2007 | 2008 | 2009 | 2010 | Average
Conical
1250X250X65 | - | 6.93 | 7.02 | 7.25 | 7.01
Rectangular
160X180X150 433 4.22 456 4.29
160X180X170 471 452 4.19 4.47
160X180X210 5.10 5.02 5.05
160X190X210 5.17 5.17 5.17
170X190X180 5.11 5.11
180X190X150 4.46 4.46
190X180X150 473 4.49 4.15 450 4.43
190X180X170 4.46 4.60 4.53
190X180X180 5.60 5.55 5.58
190X180X200 4.49 4.49
195X160X200 5.19 5.19

There is strong correlation between the overall size of rectangular nets and pricing, the bigger the
net the most expensive it is.

Figure 8: Denier vs. Cost
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Average Unit Price on Ex-Works basis per Shape and Denier of LNs procured ($)

Denier | 75 | 100 115 | 150 | Average
Conical

2007 - - - - -

2008 6.93 - - 6.93
2009 - 7.41 - 6.62 7.02
2010 7.25 - - - 7.25

Rectangular

2007 - 4.73 4.37 4.30 4.63
2008 4.48 5.36 - 4.34 4.73
2009 4.28 4.74 5.10 4.30 4.40
2010 4.49 4.96 4.83 4.60 4.63

14



Based on our internal data, and for rectangular nets only, it appears that LLIN with a 75 or 150
Denier specification have been consistently cheaper than LLIN with a 100 or 115 Denier
specifications. This observation seems to be contrary to the idea that the higher the Denier level,
the higher the price. All LLIN we procured with a 150 Denier specification were in Polyethylene.
All LLIN we procured with a 75 Denier specification were in Polyester. As a result, it seems that
Denier 75 and 150 are more standard products overall (possibly made in larger quantities and
eventually used to manufacture other products) than Denier 100 and 115.

Figure 9 Lead Time vs. Price, Quantity, Color, and Manufacturer
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Lead Time vs. Price

LLIN emergency orders are rare and our procurement process is based on cost competitiveness
rather than on manufacturing lead time. As a result, our past historical data do not allow us to find
any significant relationship between manufacturing lead time and price.

Lead Time vs. Quantity

Based on our observations, it also seems that there is no significant correlation between lead time
and quantity range. The biggest order of LLIN procured since the beginning of the program, 1.7
million nets, was delivered in 2010 with a 10 days turnaround time once the order was concerned.

Lead Time vs. Color

Historical data did not allow us to establish any specific relationship between lead time and color.
That an LLIN be blue, green or white seems to have little to no impact on the manufacturing lead
time.

Lead Time vs. Manufacturer

Figure 9 above shows the average lead time by manufacturer since the beginning of the program.
When evaluating data year to year by manufacturer, it is not possible to predict what manufacturer
will have the shorter lead time based on a specific quantity range.
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Additional Observations

Our data analysis did not allow us to find any difference in unit price in terms of origin or country.

Other Procurement Models
The below table summarizes how other procurement agency (donors) currently operate.
1. Global Fund for ATM

GF procurements operate on two models. The first is the Voluntary Pooled Procurement for which
GF appointed PSI as the procurement agent. Currently PSI issue tenders to meet specific
requirements received from those countries that are part of the VPP. We are unsighted on the
proportion of GF funded LLINs that are VPP or non-VPP. If any LLIN are procured using GF
funding outside VPP then we would assume that the procurement would be undertaken in
accordance with the recipient countries' Public Procurement Laws. This would largely be by open
international competition as many countries follow the WB process (or something similar) for their
public procurement.

2. World Bank

If LLINs fall under the standard WB model then procurement would be by open International
Competition Bid (ICB) against particular requirements.

3. Crown Agents
By tender against particular requirements (similar to the PMI Deliver) procurement model.

4. UNICEF

UNICEF uses Long Terms Arrangements (ILT'As) with vendors, and these run for one year from
date of issue. They last awarded L'TAs for LLIN in December 2009.

The LTAs set out the contractual terms and conditions and the quantities expected to be ordered
during the 12 month period. The LTA does not commit UNICEF to purchase anything. The LTA
also sets out the maximum price that the vendor can charge, but does not determine a fixed price for
any quantity. We do not know how or whether the LTA reflects the different LLIN specifications
or whether UNICEF has "standardized" a few. UNICEF place orders "as and when required"
under the LTA.

5. WHO
Similar to the WB model and they also collaborate with UNICEF.
6. Self Funded

Where a country is using its own funding then they will in all likelthood do ICB - but of course this
is open to abuse. But the Public Procurement Laws would dictate ICB - see GF point above. So in
summary there are basically only two methods that we know of - UNICEF's LTA route and the rest
using specific bidding or tendering to meet a definitive need. No-one buys LLIN on a consignment
ot forward basis as far as we can ascertain.

7. PMI Deliver

By limited competition using pre-selected vendors.
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Conclusion

The LLIN market is quite a singular market. As a result of the RBM universal coverage initiative,
the quantities supplied since 2007 have increased significantly but, in parallel the unit cost of LLIN
has not decreased over that same period of time. Further, despite the surge in demand, the number
of vendors has been extremely steady since 2007. The lack of visibility concerning future demand’s
sustainability and the high level of investment required to enter the LLIN industry are clearly two
significant barriers to entry.

On the product side, the number of specifications available has increased significantly since 2007.
Countries are ordering more and more nets with different specifications and the demand has
become very inconsistent as shows our statistical analysis: “cleatly, after 2007, there was an increase
in the variety of types ordered”. More types of nets means more volatility in the market but also
fewer opportunities for LLIN manufacturers to produce in large quantity and to plan for future
demand. Funding or lack of on-time funding is also detrimental to efficient demand planning and
the manufacturer’s side.

Obur statistical analysis has shown that currently, only two parameters seem to impact the cost of a
LLIN: the shape (conical nets are more expensive than rectangular nets) and the size (the larger the
net, the higher the price). As nets are bulky, nets manufacturers do not want to store production for
a long period of time. As a result, manufacturers do not hesitate to discount left over production in
order to avoid long and costly storage charges. Last minute discounted lots can be purchased on the
market and this may explain why in some circumstances, short manufacturing lead time means a
lower unit price.

What type of purchasing strategies can donors use to decrease the price of the LLIN they purchase?

The purchasing strategies seem to be somewhat limited. Donors can (1) either try to engage in long
term contract with one or two vendors or (2) decide to use a systematic bidding process for each
new order they have.

In the current market and under the current requirements, option (1) does not seem to be viable as
the demand is unpredictable and as USAID’s procurement policy requires competitive bids for each
new order to be procured. However, even if long term contract would be a potential option, how
could a vendor and a buyer agree on the future price of a commodity when they do not know what
will be the characteristics of the commodity nor the overall volume of the commodity to be
procured in the near future?

Thus, in today’s market environment and due to the high demand volatility, option (2) seems to be
the only valid option. Sending systematic quote request to all the pre-qualified vendors seems to be
the best approach for capturing the best price at any specific point in time.

One potential path to explore in order to achieve additional savings on the procurement side could
be to ask our vendors to agree on additional yearly discounts based on total volume procured on a
yearly basis. There is no guarantee that such a strategy will work but they may be interested in
considering such an option.
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For more information, please visit deliver.jsi.com.
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