“Towards a Measurement of the Benefits from Electric Solutions in Government
Procurement: Some Evidence from Brazilian Data”

by
Gian Luigi Alband, Ph.D.

27th March 2013

Table of Contents

1. Introduction

2. What is e-procurement and how to measure its befits.

3. Related Literature

4. Toward a Measurement Strategy: Public ProcuremerData from Comprasnet Brasil
5. The Econometric Model

7. Final Comments and Conclusions

! Email: gla@gianluigialbano.corr gl.albano@mclink.it




1. Introduction

E-procurement is widely considered as a tool witipartant potential to deliver significant benefits
Governments. E-public procurement (for simplicitprecurement henceforth) can streamline and aateler
public purchasing, benefiting both public purchasand suppliers along the way. It can lead to more
efficient procurement administration resulting ostand time savings. When coupled with the devetog

of centralized purchasing bodies - that is, bottes$ perform a subset of the procurement phasdzebalf

of other public administrations - e-procurement paovide a way to optimise these efficiencies ferth
integrating resource-consuming support functioms, (egal, product specific, statistical and econonaic)l

delivering savings due to economies of scale ailldsplecialisation.

By automating and strengthening the flow of infotim@ about individual tender opportunities, e-
procurement can help reach a wider audience andiderayreater publicity, thus leading to increased
participation by economic operators and, as a gques®e, increased competition. E-procurement caistal
promote cross-border procurement, not just throgigfater publicity of contracts, but also by enaplan
certain degree of language independence (througtugke of e-Catalogues for example) and standagdisin
certain practices. Equally, e-procurement presamispportunity to introduce more rigor within progment
systems, providing ways to apply more objectivityselecting suppliers and increase transparency thu
contributing to better governance. Ultimately, @éshthe potential to result in better value for myofos the
taxpayer, which in the current financial climateulcb be very crucial for maximising the potential of
constrained resources. E-procurement systems tazala proved useful in speeding up the expendibiire

public procurement budgets and therefore to inerdfas efficiency of the whole process.

Although there exists an almost unanimous consemswesprocurement delivering sizeable benefitsait b
the demand and the supply side of the procuremeankeat) little evidence has been produced to confirm
such a conjecture. Worse, many researchers sebmdonvinced that solid evidence could be grourated
surveys mainly relying on the intervieweggrceptionsof benefits from e-procuremeht.o our knowledge,
benefits have never been meastifeg relying on field data, that is, on data fromalrpublic procurement
transactions. Since electronic solutions can beptedoat different stages of the procurement prodéss
seems wise to classify the benefits from e-procerdgnmto two broad families: those stemming from a
lower transaction costand those fronrenhanced competitionn this paper, we focus on the latter class and
attempt at designing a simple empirical strategymasure the resulting benefits. We implement this
strategy on a set of procurement processes (maintple IT equipment) that took place in Brazil in
2008/09/10. Our empirical analysis delivers twodamental messages. First, consistently with owition,
relying on electronic tools at the competition sta@hat is, using e-auctions) increases the lev¥el o
competition with respect to auctions in which bidddave to be physically present in the same room.

Secondly, a quite more surprisingly, a higher lefetompetition in e-auctions, as measured by timaber

% See section 3 below.
% A partial exception is represented by Singer et24109). See the section on the related literature



of active bidders, doesot generate statistically significahigher savings However counterintuitive, we

provide an explanation as why this might be the ¢gsexploiting some basic results from auctiorotie

The paper is organized as follows. In section 2pnwvide an operational definition of e-procuremantl
explain the qualitative features of our empiridaaegy to assess its main benefits. In sectiore 3eview
the most closely management and economics literaliuisection 4 we describe the data coming froblipu
procurement processes carried out in Brazil. Sedicontains the main econometric analysis andose6t

concludes.

2. The main benefits of e-procurement

While a certain degree of consensus around theeporaf “public procurement’seems to exist, the same
cannot be said for “e-procurement”. While broacerefce to the “use of electronic means” in fregyent
made, we can safely state that e-procurement refdte process of replacing paper based procedlities
ICT based communications and processing througiheuprocurement cycle. Moreover, because of the use

of electronics means innovative purchasing solstican be adopted.

E-Procurement thus consist the introduction of tededic processes to support the different phasea of
procurement process — publication of tender natipesvision of tender documents, submission of ¢éesd
evaluation, award, ordering, invoicing and payme&hte process is illustrated graphically in figurdtidoes
inspire one major observation that will be instruaé for the remainder of our analysis. At its siegp, we
can define a procurement process as an “e-procutémecess whenevet least one phasis conducted
by using electronic means. Consequently, the paleménefits stemming from e-procurement will degren

crucially on the particular phase(s) where the #0lutions have been implemented.
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Figure 1: Overview of possible phases in an e-procuremestgss

* Public procurement is the process whereby the pugblctor, that is, national, regional and local

government and certain utilities, awards contréztsompanies for the supply of goods or services,

including building and construction works.

® The figure is taken from “Study on the evaluatidth@ Action Plan for the implementation of thedéframework
for electronic procurement (Phase Il) - Analysissessment and recommendations”, Siemens, 2010.



Since ICT solutions can in principle be appliediifferent phase of the procurement process, thdtieg
benefits are likely to depend on which particulbages are concerned. Broadly speaking, though, the

potential benefits from e-procurement can be bunidiehree main groups.

1. Benefits from reduced transaction costsThey would include the net gain from investingl an
maintaining a portal for publication rather thawihg buyers pay for publications in official
gazettes; running an e-auction rather than a pagsed (or physical one); electronic invoicing and
payment rather than the traditional ones. All tHeseefits mainly focus on the demand side of the
public procurement market. However, firms, and gmadly small and medium enterprises, also
reap some of the benefits stemming from more stdimal (e-)processes, representing lower
participation costs and, ultimately, lower barrigr&ntry in the procurement market.

2. Benefits from enhanced competitionThese benefits stem from two channels. Publisbatig for
tenders on a portal (e-natification) allows pulllicyers to reach a wider set of potential participan
regardlessof whether bids are submitted electronically or. Adternatively, when an e-auction is
used for awarding a public contratgardlessof whether publication is electronic, competing
firms need not gather in the sapigysicalplace. In both circumstances, a higher numbeotdrgial
bidders drives the level of competition up whicimékits public buyers through lower prices.
Moreover, a higher potential participation makdisthéngs being equal, collusive agreements less
stable, thus, again, lower awarding prices.

3. Benefits from enhanced integrity of procurement praessesCorruption - that is, any misuse of
entrusted power for private gain - is increasirrglgognized as a major problem in public
procurement and, more generally, in public as a&lih private organizations. It is a widely shared
view that discretion in decision making lies at thet of corruption in public procurement. Because
it relies mainly on objective dimensions and oréiable procedures, e-procurement may become

instrumental to lower discretionary power thus @dg the risk of corrupt practices.
2. A Step towards a New Methodology to Estimate (s@ of) the Benefits from E-procurement

2.1 The Transaction-Cost Argument
Since transaction costs arise at any stage ofrteipement process benefits from introducing ebedtr
solutions should in principle be evaluated aldmgprocurement cycle. However, casual observatoeals
that most of the e-procurement reforms in thedasple of decades aimed mainly at streamliningladises
until the award of a public contract. Consequeritiye limit our attention to the pre-award phates
discounted value of the cos&, o t0 be borne for setting up and managing an egpemeent system might

be written as follows:

Ce—proc= I0 + (HO + MO + UO) + é‘(Hl + Ml+ Ul) + ... +5T(HT + MT + UT) (l)



where
lo= value of the up-front (time 0) investments (tealbgy and human resources) mainly related to gpttm

an e-procurement platform; and then for each perof, 1, ..., T

H, = value of the FTEs for operating the platform
M; = maintenance costs of the platform
U, = costs borne by the users of the platform (rdl&depublishing, running an e-auction, training etc
T = number of years considered as the relevanthionzon for the initial investment
o = discount factor which is inversely related te thlevant market interest rdi¢hat is,
=11 +i)®

Under a traditional public procurement system taatien costs are mainly variable costs borne fayoay
out the process until the contract award. Thawlign looking at T-period time horizon, the discashvalue

of the costsCyag Can be simply written

Cyaa= (HHo + Fo) + 3(HHy + Fy) + ...+ (HH + Fy) (2)
where
HH= value of the FTEs for carrying out the procurety@ncess
F. = value of non-human costs for awarding the canifizge. costs for publishing in official gazettes,

administrative costs etc). Thus in principle arreeprement system is welfare improving if and ahly

Ceproc - Ctrad <0

2.1 The Enhanced-Competition Argument
By reducing barriers to entry in the public procuesmt market, e-procurement enlarges the set ohpake
participants thus triggering, in principle, touglpeice competition. However, once an e-procurersgatem
is in place or when electronic solutions are immated at least for the awarding stage market ogomon
have a different nature than under the non-eletragime. Thus in order to estimate the benefite-o
procurement we should compare market outcomes wlegtronic tools are used with those arising when
electronic tools are not used. In other terms wedna (solid) counterfactual argument. A potentially
appealing argument hinges on the observation thabine countries public procurement regulationvadio
public buyers to award contracts for similar gosdsf/ices by using either an e-auction or a trauktio
auction, the latter requiring bidders tofigysically presenin a predetermined place. Then a simple estimate
of whether e-procurement is effective in enhancomgnpetition would consist in testing whether the

difference in any perioti(say, a year)

®If T = 10 years, the relevant market interest raight be the yield of government’s 10-year bonds.



Seproc - Strad
is significantly different from zero, where
Steproc is the amount of savings generated in petibg using e-auctions arf.q is the amount of savings
generated in periodby using traditional (“physical”) auctions, whig@ntrolling for a list of variables that
would certainly include products’/services’ (miniinéechnical specifications, reserve prices, numdier
units bought, public buyer’s characteristics (eantral vs. local government) and participatiorursgments
(possibly via the initial estimated value of thentract).
In some circumstances, though, e-procurement refalemot leave public buyers with any other optiean
using e-auctions (or any other ICT-based competipvocedure). When this is the case, e-procurement
represents a structural break so that evaluati@awhgs can only be carried out by using diffeard point
in time only, namely the moment when certain goselsices are bought by using an e-auction ratlzer ¢h
traditional auction. To put simply, suppose thabljmubuyers used to buy a class of laptops by using
traditional auction until year t, and moved to et&ns in year t+1. Thus there exists only one piminime
in which comparing savings under the two differeegimes may represent a meaningful exercise, namely
the difference between achieved savings in timeand time t. Comparing, for instance, savings fneti

t+10 and savings in time t would require compaodotcomes concerning completely different objects.

2.2 On the Measure(s) of Savings
In the previous section we have laid out the baséthodology for comparing savings from competitive
procedure under two alternative scenarios, nanmetriaditional (non-electronic) “physical”’ tendegiand
the electronic auction. Such an exercise is in tiadtier than it looks like at a first sight asrélies on our
ability to construct a measure of savings. The tjpre$hen become how we estimate “savings” froomgist
competitive procurement procedure? Should we alwapectpositivesavings?
Auction theory teaches that competition might make the buyerebeiff with respect the most easily
available outside option, consisting often in negotg a deal with a local, possibly well knownupsglier.
By attracting new bidders competition should impiple yield lower purchasing cost than a privagald
with the local supplier. Basically, by moving frane-to-one to a one-to-many market interaction ptinger
can exploit a higher bargaining power. The numbenew bidders is mostly determined by level of
(in)efficiency of the local supplier, that is, haastly is the buyer’s outside option: the more ficafnt the
local supplier (implying a higher purchasing ctmst the buyer) the higher the number of potentiavn
bidders.
Thus a first definition of (absolute) savings woulthsist inthe (absolute value of the) difference between
the outcome of a competitive bidding and the cbgtenegotiation with the most easily availableier.
The definition leaves some leeway in defining thdsimle option. From a practical viewpoint, it might
consist in the price charged by any incumbent fhat used to supply non-competitively local buyarshe

“average” posted price available on the local miarkbe choice of the benchmark price is cruciathiat it

" See, for instance, Krishna (2009).



affects the measurement of the “performance” of giwen competitive procedure. All else being equal,
doubling the cost of the outside option doublesviilae of achieved savings!

When knowledgeable to evaluate the cost of theidritsption public buyers may decide to commit to a
reserve pricethat is, a ceiling to any offer they are willibg consider. When commitment is firm, a public
buyer rejects any tender higher than the reserige.pBy setting a reserve pricgrictly lower than the
outside option a buyer bears the risk of not trgdwth any firm since it is possible that all pdieh
participants (estimated) costs for carrying out pimecurement task(s) are higher that the reseriee.pr
However, under a set of circumstances, such aegiratnay yield the buyer higher savings by inducing
tougher competition among those firms that turntoube efficient enough to participate in the cotitjpe
tendering In this case, the relevant measure of (absolateings would consist in the (absolute value of
the) difference between the outcome of a competitivalingd and the reserve priceWhen public
procurement is (at least partially) centralizedutfio a central procurement agency/body awardingracist
on behalf of other public buyers, the reserve pdaa be meaningfully set at the level of the averag
purchasing price that public buyers can achievénawit using the central procurement agendyésne
contracts.

We are then in a position to draw two main condusi First, the logic for benchmarking the outcarha
competitive process against a particular outsidimopnay depend on different institutional detaBgcond,
because the value of the outside option does affectmeasurement of savings, public buyers may be

tempted by inflating artificially the former in cedto raise the performance of the competitive gsec

3. Related Literature

A growing literature between management sciencettaatheory of organizations provides analysesaf r
cases studies of ineffective or harmful implemeatest of e-procurement solutions. The table below
classifies the main implementation problems inffedent families and the list of most closely reldht

research works.

Nature of the Problem Description Partial or full discussion provided by

Fragmented E-procurement means different thingdHawking et. al (2004), Andersen (2004),

understanding of to different stakeholders. Systems ar&ichoya (2005), Henriksen and Mahnke

technological dynamics, implemented in a localized manner. (2005), Preuss (2007), Hardy and

implementation and There is limited organizational or Williams (2008), Bof and Previtali

spotty legislative support national integration or legislative (2007), Varney (2011), Mota and Filho
coordination. (2011), Hui et al. (2011), Hoque et al.

(2011)

8 This is a classical, albeit somewhat counteriivgijt result in auction theory that goes undenthme of theexclusion
principle. See Krishna (2009).
° The classification is borrowed from Roman (2012).



Technology’s "halo"
effect, lack of
technological "know
how" and financial
constraints and waste

Incompatibility of
platforms or
managerial/philosophical
strategies

Interrupted
(punctuated)
implementation: Or the
need for maintaining
dedication and learning
beyond first stage
adoption

Internal customer
satisfaction and
maverick purchasing

Resistance to technology
and cooptation.

The expectation that it is sufficient to Andersen (2004), Hawking et. al (2004),
implement the technology and the  Gichoya (2005), Henriksen and Mahnke
benefits "will come". Implementing e- (2005), Bof and Previtali (2007), Hardy
procurement without providing the  and Williams (2008), Varney (2011),
supportive context is unlikely to lead Mota and Filho (2011), Hoque et al.

to desired outcomes. Limited (2011)

understanding of technological effects

coupled with lack of experience in the

matter cause great financial waste and

strategic disappointments

E-procurement systems are often ~ Croom (2000), Andersen (2004), Gichoya
incompatible with other digital (2005), Varney (2011), Karjalainen and
platforms used by organizations or Raaij (2011), Hoque et al. (2011)

with older e-procurement software.

As it is the case with the majority of Andersen (2004), Varney (2011), Mota
ICT use in government, e- and Filho (2011)

procurement adoption is undertaken in

spurts. At this point in time, there is

an obvious shortcoming in continuous

support and dedication to the idea.

Early failures stymie future

investments or transformational

changes.

If the e-procurement software is found€Croom and Johnston (2003), Brandon-
to be inadequate for organizational Jones and Carey (2010), Mota and Filho
needs and not representative on the (2011), Varney (2011), Karjalainen and
decisionmaking dynamics within the Raaij (2011)

agency - procurement specialists will

"go around" the system. Thus, any

benefit from e-procurement will be

lost since the system's use is rather

trivial.

Organizations often resist the changebklawking et. al (2004), Croom and
associated with e-procurement Johnston (2003), Brandon-Jones and
adoption. Without a proper approach Carey (2011), Mota and Filho (2011),
and managerial support the system Hoque et al. (2011)

will be resisted and sabotaged or

passively co-opted.



Complexity, uncertainty,
ambiguity and network-
driven contractual
instability

Biased data or “dead
end” collection

Developers are not
"public” ready, oriented
or reasonably priced

Public procurement is probably one of2room (2000), Andersen (2004), Enquist,
the most complex areas of public Johson and Cameén (2005), Henriksen
administration. Within the context of and Mahnke (2005), Enquist, Brown,
increasing reliance on contracts and Potoski and Van Slyke (2006, 2007,
networks matters, matters become 2009), Varney (2011), Enquist, Camén

even more complicated. The and Johnson (2011), Entwistle (2011),
governance complexity and instabilityPeck and Cabras (2011), Hoque et al.
make effective e-procurement (2011)

(transformative procurement in
general) challenging and at times even
technologically prohibitive.

Either due to financial and knowledgeAndersen (2004),Gichoya (2005), Hardy
constraints, strategic focus or and Williams (2008)

organizational and legislative design -

the data and insights garnered by

employing e-procurement are not

used. When such data are considered,

it is often the case that it's done in a

biased manner.

The platforms available on the marketAndersen (2004), Hawking et. al (2004),
are either primarily oriented for the Bof and Previtali (2007), Varney (2011)
private sector or are not sufficiently

sophisticated to address the

complexity and network-driven needs

of a public entity.

The most relevant paper for our purposes is Simgeal. (2009). The authors estimate the enhanced

competition effect generated by public buyers ugsheg Chilecompra’s electronic platform which ardyab

allowed a higher number of firms to compete for ljmubontracts. By assuming certain properties & th

statistical distribution of submitted bids, the laars are able to estimate the additional savingssing

from a more intense participation. However, unlike methodology that can be applied in the Brazilia

system as explained in the next sections, in tHee&hcase one cannot observe the counterfactyalldic

buyersnot using an electronic tendering procedure. Thusatithors are bound to ask individual public

buyers how many additional competing firms they endaeen observing since they started using the

Chilecompra’s platform. Although it is very hard figure out a different way to capture the enhanced

competition effect, it remains nonetheless true¢ sueh methodology definitively introduces a poiait

interfering dimension of subjectivity in the savingstimation technique.



4. Toward a Measurement Strategy: Public ProcuremerData from Comprasnet Brasil

4.1 Data description and polishing procedure
The database employed contains data on severa ofienders, including RFQs, calls for bid andtians.
The period of reference covers three years, fro@82b 2010. The object of the tenders includes
standardized goods, such as notebooks and reletedsaries, hardware and office material. The giest
supplied vary from tender to tender. As to thedrssythe public authorities involved are dividecbading
to a territoriality criterion, into local, stateifederal authorities.
Moreover, an ID variable is provided, which ideietf each single participant to the tender, the raunolb
placed bids and their related value. Finally, weeheeported, per unit of product, both the valuehaf
awarded contract and the reference price fixechbypublic authority, on which the percentage distdsi

computed.

In order to perform the empirical analysis on tihecprement market of Brazil, we rearranged thelabks

raw data through the following steps:

we kept the electronic and physical auctions, whiehthe main focus of our work;

2. we excluded the auctions for which the awardedevaluthe contract was above the fixed reference
price, in order to avoid biases in the discountyeis

3. we did not take into account the auctions reporingero value of the bid, since this value is

probably due to a measurement error.

Moreover, comparing the database with the officipublications available on the website

www.comprasnet.gov.hrwe encountered that, in certain cases, the \@fltiee awarded contracts and the

reference price were reported either on a perhasis or on the total value of the contract withspécifying
a unique criterion of classification. Thus, we deci to consider the total value of the awardedreohand,
taking into account the percentage discount giveeach tender, estimated the total value of thereate
price. These two variables — total value of theraed contract and of the reference price — wileb®loyed

in our empirical analysis.

4.2 Descriptive Statistics
The new database, resulting from our polishing @doce, is composed of bothhysical and electronic
auctions. The original aim was to compare thesedlasses in order to detect any significant diffiees in
terms of amount of discount and degree of compatitiassociated with the passage from a physicaht
electronic auction market. Unfortunately, the pbgbiauctions correspond approximately to 1% of our
sample. Thus, due to a very low degree of repraieahess, it is impossible to investigate the phamnon

through a reliable empirical analysis.



Electronic Auctions

The sample of electronic auctions is composed 862énders, divided into three categories - |lostite
and federal authorities - depending on the teratqurisdiction of the purchasing public authaegi
Graph 1 below illustrates that the largest partthef contracts (92%) are awarded by state authritie

followed by local (5%) and federal (3%) authorities

Distribution of electronic auctions by public authority type

5% 39

O Local
B State
O Federal

92%

Graph 1: Distribution of electronic auctions by public authaity type

Furthermore, we take into account two main varisfkinterest, corresponding to the two main aspett
our investigation: we have a variabyperc_discount, which specifies the value of the discount obtdiae
the difference between the awarding price anddference price; we then consider, as a proxy ofldggee

of competition, the variablexumb_part, which counts the total number of participantsgseh tender.

Regarding the first variable, the average discobitdined is around 32% as reported in the tablewerhe
table also shows that the average discount valhigker for state authorities, while it decreadigghsly for
local and federal: it could be inferred, then, thatontract subscribed by the authority with aerimiediate

territorial jurisdiction results to be somehow mattactive to the firms participating at the aauti

Table 1: Summary statistics for percentage discobt#ined

MIN MAX MEAN MEDIAN Q1 Q3 AQ3-Q2  STD. DEV. N
Total 0,0 99,8 32,1 30,8 12,6 49,4 36,8 22,5 2785
Local 0,0 98,8 31,6 294 12,4 49,3 36,9 23,5 143
State 0,0 88,4 33,0 30,7 19,9 49,6 29,8 20,2 97

Federal 0,0 99,8 321 30,9 12,4 49,4 37,0 22,5 2545



Concerning the variablenmb_part as it is evident in both Table 2 and Graph 2 thstribution of the
number of participants is pretty right-skewed, wattmean of about 14 participants and a median ait12
each auction. Furthermore, there seems to bevelatiess participation in the e-autions run at fisgeral
level. This can be explained by factors such as@#pand distribution network constraints, or diigant

transportation costs that suppliers may have te fiaorder to serve a widespread territory like Binazilian

one.

Graph 2: Distribution of the number of participants
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Table 2: Summary statistics for number of partinipa

MIN MAX MEAN MEDIAN Q1 Q3  AQ3-Q2 STD. DEV. N
Total 1 114 14,3 12 7 19 12 9,9 2785
Local 1 55 15,4 13 8 21 13 10,4 143
State 1 57 15,6 13 8 20 12 10,4 97
Federal 1 114 14,2 12 7 19 12 9,8 2545

In Table 3, we indicate the different referencegsi The mean value in the whole sample is aroy0@D8
Brazilian Real (approximately 4,465 USD at the exaye rate of Dec 3, 2011) , with a median of royghl
1,300 Brazilian Real. Unexpectedly, a negativetimtahip emerges between the contract value ankkted

of centrality of the purchasing authority: mostuatile contracts are awarded at a local 1&el.

Table 3: Summary statistics for the value of carra

MIN MAX MEAN MEDIAN Q1 Q3 AQ3-Q2 STD. DEV. N
Total 0 1,182,400 8,444 1,351 90 4,205 4,115 39,768 2,785
Local 13 589,030 21,479 3,332 425 10,271 9,846 75,357 143
State 3 214,909 12,069 2,200 178 6,400 6,222 31,659 97
Federal 0 1,182,400 7,573 1,150 84 3,900 3,816 36,947 2,545

Table 4: Correlation analysis by public authoritpe

CORRELATION Total Local State Federal
discount(%) - numb_part  0.23 0.26 0.11 0.23
numb_part —contr_value  0.18 0.40 0.04 0.17

discount — contr_value 0.12 0.09 0.21 0.13

Finally, we performed a correlation analysis betw#ee three variables considered above. Thereseaist
positive (though weak) correlation between thealdasperc_discounandnumb_part less pronounced for
auctions with state authorities. Moreover, thera ositive correlation between the number of pgdnts

and the value of contracts (especially strong fomtacts subscribed with local authorities). Thensa

positive relationship is detected between the vafumntract and the total discount.

19We are considering, the values in the nationakncey (Brazilian Real). Later on, in addition ke ational
currency, we will seldom provide the counterfactue in US dollars, considering the exchange aithe i'
January 2011. 1 Brazilian Real = 0,60%



Another interesting descriptive statistic may be thne related to the number of bids of the winning
suppliers. As we can see, referring to the meameyahore bids are needed to subscribe contradtsstate
and federal authorities, while a relatively lowegdee of “effort” is required for local authoritiels any
case, it is impossible to reach a unique conclyssorce the median values are very similar throtigh

entire sample.

Table 5: Summary statistics for the number of bidhe winning suppliers

MIN MAX MEAN MEDIAN Q1 Q3 AQ3-Q2 STD.DEV. N
Total 1 231 16.0 9 3 21 18 194 2785
Local 1 112 14.9 7 2.5 21 18.5 18.8 143
State 1 92 16.3 7 2 25 23 20.2 97
Federal 1 231 16.1 9 3 21 18 19.4 2545

Physical Auctions

As mentioned above, our sample contains a verygdevcentage of physical tenders (around 1%), with
respect to the total sample. It is therefore imjidsdor us to further investigate the phenomertmough a
complete empirical analysis. As a consequence, Wadopt a generic framework providing a companis

of the descriptive statistics referred to the pbgisand electronic auctions.

Let us start from the distribution of the 40 phgsitenders included in our sub-sample. Graph 3tiifies
the distribution of the physical and electronictars in the sample. As we can see, the denshigtser for
small values and decreases for higher valusfshe contracts. Despite the different numbeolservations

in the two samples, the distribution is very similauggesting that a comparison in term of dedugpt

statistic is possibfé

Graph 3: Comparison of distribution of physical abhectronic auctions

™ In the Graph, the values are given in the naticoalency (Brazilian Real). In US dollars, theues go from 600$ to
a maximum of 480,000$, considering 1 Brazilian Re@l60$ at the *LJanuary 2011.
121n this case, we are not considering the divismmterritorial purchasing authorities, since &létphysical auctions

provided are at a federal level.



Comparison of distribution of physical and electronic auctions
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We can now concentrate our analysis on the pergerdescount deriving from the electronic and phaisic
auctions. In this case, since the two distributians similar, we will not mention the discount \&lin
Brazilian Real, because the expected results wmeisimilar. In Table 6 we have the number of pguaicts,
the value of the contracts, and the percentageulnclt is evident that the physical auctionsaattia lower
number of participants, roughly through lookingls# mean value. Thus, lower transaction and ppaticin
costs are very likely to play a key role in thetiggpation of the electronic market. The value tbé
contracts, on the other hand, are very similafpashe percentage discount. This result, at Sight, may
seem controversial, but it can be explained asnefliederiving, for what concerns the physical &,
from the direct negotiation between suppliers amdlip authority. Indeed, many physical auctiongehpust

one participant, which is consistent with the hyjesis described above

Table 6: Comparison between physical and electramitions

Number of participants Contract value Discount(%)
physical 2.9 3362 31.2
electronic 13.86 3417 32.0

The next step of our brief analysis is to compé&ee tariables concerning the percentage discountland
value of the contract by fixing the mean valueh# participant. This was done by randomly re-samgyptihe
observations. As we can see in the next grapls, évident that the difference between the two typfes

auctions increase considerably.



Table 7: Comparison between physical and electrandtions (fixing the average value of the numifer o

participants)

Number of participants Contract value Discount(%)
physical 2.9 3362 31.2
electronic 2.9 1514 16.2

In conclusion, the limited analysis described aboemnot be held as fully reliable, due to the low
representativeness of the physical auctions. Aetangmber of physical tenders would (have) allowfeda
more robust empirical analysis. For instance, ituMobe instructive to broaden the analysis on the
correlations between the (low) degree of competitimd the physical tenders’ exogenous charactevisti
(value of the reference prices, territorial jurcttin) in order to compare the marginal and totedats with
respect to electronic auctions.

In the next section, we will construct and discass econometric model by restricting our analysighte

sub-sample of electronic auctions.

5. The Econometric Model

Our aim is to investigate the correlation betwedwsmn dverage discount value - estimated as therdlifte
between the awarding price and the fixed referepgee - and other covariates referred to some
characteristics of the tendefhis first step will be useful to understand whigtay be the optimal

participation pattern, that is the number of paipiants that maximizes the discount value per tender

5.1 List of variables

Let us now list our variables, starting from thepense variable.

* “Perc_discount” This variable refers to the percentage value efdiscount expressed in Brazilian
Real.

*  “Numb_part™ This variable refers to the number of participdotseach tender. It will stand as the
most important independent variable in our modéle Eorrelation between this and the discount
variable will give us the amount of discount ingeahat derives from the participation of one more
participant. We will also use the quadratic terfiNumb_part2” — to identify the marginal impact
of competition.

» “Local/State/Federal”: These represent three dummy variables, which rafethe territorial
jurisdiction of the purchasing authorities. Ourereince dummy will be the local level.

*  “Numb_bids”: This variable accounts for the number of bidshefwinning suppliers.



*  “Numb_bids_others”: This variable reports the average number of bidslldhe participants other
than the winner.

« “Contr_value” : This variable indicates the value of the contadaach tender.

The econometric model that we will estimate isftil®wing:

perc_discount = constant + numb_part + numb_partstate + federal + numb_bids + numb_bfds

numb_bids_others + numb_bids_ottferscontr_value

In order to have immediate and intuitive result® implemented a simple robust OLS model, without

investigating the model specification. The latteuld be promptly implemented in case of furthersia of
the data.



5.2 Results
Five models are estimated using the model introdlat®ve. In the first model, we look at the impafcthe
number of participants on the (percentage) discobtdined. We then add public authority dummlesd(,
state federa), the value of the contractsgntr_valug, and the number of bids of the winneufnb_bid}

and the other participantsymb_bids_othejs

Table 8: Estimation results (base model)

(1) (2) (3) (4) (5)
numb_part 0.56%** 1.40%** 1.40%** 1.32%** 1.28***
(12.74) (11.07) (11.07) (10.38) (9.95)
numb_part2 -0.02%** -0.02*** -0.02%*** -0.02%**
(-6.89) (-6.89) (-6.40) (-5.91)
State -0.04 -0.36 -0.61
(-0.01) (-0.12) (-0.20)
Federal -0.78 -1.02 -1.47
(-0.40) (-0.52) (-0.76)
numb_bids 0.12%** 0.28%**
(4.59) (4.49)
numb_bids2 -0.00** -0.00**
(-3.16) (-3.14)
numb_bids_others 0.06 0.07
(0.75) (0.47)
numb_bids_others2 -0.00 -0.00
(-0.28) (-0.23)
contr_value -0.00**
(-2.00)
Constant 23.40%** 17.46%+* 18.16*** 16.75*** 16.42%**
(30.47) (15.60) (8.35) (7.62) (7.39)
R - squared 0.055 0.073 0.073 0.085 0.089
Adj. R-
Squared 0.055 0.073 0.072 0.083 0.086
N 2785 2784 2784 2783 2783
Prob>F 0.00 0.00 0.00 0.00 0.00

In column (1), there is a positive impact of themier of participants: the greater is the degree of
competition, the larger is the discount obtainelih@ugh the coefficient is statistically signifidaand goes

in the expected direction, it is very low in magui¢. Thus, it is reasonable to believe that pasitcon and
discount are non-linearly related and, in ordefutther investigate the phenomenon — that represtet
main goal of this work — we add, in Column (2), Hypiare of the variableumb_part Both coefficients are
statistically significant: more specifically, theefficient associated with the number of particigas now
larger and still statistically significant; the gqlratic term is, instead, estimated to be negativieich

corroborates our expectation of a non-linear reteip between the two variables. It can be reddpna



argued, indeed, that increasing participation nmayease competition and, hence, improve the fieslilt,
that is, the discount obtained; at the same time gfadually higher levels of participation, thergiaal

benefit of an additional participant is diminishing

In column (3), we introduce the dummy variablesdating the type of purchasing public authorityxirfg
local authorities as our reference dummy. The tegukstimates show that firms competing for castya
with state or federal authorities offer lower digots. This result contradicts what emerged from the
descriptive statistics, although these cannot kentas fully reliable, due to the very poor repnéstveness
for local and state authorities. The estimatedfaoefts, indeed, turn out to be not significanal@nn (4)
adds the two variablesumb_bidsandnumb_bids_othersvhich count, respectively, the number of bids of
the winner and the average number of bids of gbheticipants. The squares of these two variablesao
considered. The number of bids made by the winrergs to affect positively and significantly thecbunt
obtained. The relationship is, however, once agamlinear: the greater the number of bids of tlmener,
the larger the discount obtained, but this effe@dgally decreases. On the other hand, the caaitici
estimated for the average number of bids of therogarticipants, though positive, turns out to lo¢ n
statistically significant. In Column (5), finallyye estimate the impact of the contract value: ueetqully,

more valuable contracts seem to be significantpeiated with lower discounts.

In order to get an even more in-depth picture, wefggmed a further analysis aimed at identifying a
participation threshold beyond which there is aréasing marginal gain in terms of discount obtéine
Graph 2 relates the variabldasses indicating the number of participants by classd ahe variable
deltameandefined as the difference of the (average) distbatween each class and the previous one. The

red line describes the trend of the moving aveea@9% of observations.



Graph 2: Discount moving average by participati@ss
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It is graphically possible to identify a certaiispersion for auctions with over 30 participantlisTwould
suggest the irrelevance of such participation Eveéktually, the econometric model (Table 9) sedéms
confirm our intuition: coherently with the aboveaghical analysis, for the sub-sample of auctiorik wiore
than 30 participants, no statistically significanefficient is estimated and the model as a whalegs to be
unstable and with a very low significance level l{@an (1)). On the contrary, below 30 participaritse
variable numb_partis positively and significantly correlated withethdiscount obtained, although the

negative sign of the quadratic term shows the ogtycaf such a relationship (Column (2)).

Furthermore, within the threshold of 30 particimarit is possible to identify an additional cutefilue,
above which the coefficient associated with theialde at issue numb_par} is always positive but
decreasing for larger classes of participation.u@wis (3), (4) and (5) report the results for thsebe-
samples with a threshold of, respectively, 25, 80 &5 participants. The coefficient of the quadragirm
exhibits the same pattern, indicating, at the nmargilower and lower additional discount as pgtition
grows. For tenders with less than 15 participamtsthe other hand, it is not possible to capturegumally

regular trend between the number of participantsthe discount obtained.



Table 9: Estimation results (base model with pigrditton thresholds)

numb_part> Numb_part<s Numb_part< Numb_part< Numb_part<

30 30 25 20 15
(1) (2) (3) (4) (5)
numb_part 0.32 2.03%** 2.60%** 2.98%** 4.24%*x*
(0.55) (8.54) (8.71) (7.30) (6.64)
numb_part2 -0.00 -0.04*** -0.07*** -0.09*** -0.17***
(-0.47) (-5.56) (-6.11) (-4.79) (-4.65)
State -106 0.18 1.82 1.29 4.01
(-1.00) (0.06) (0.58) (0.38) (1.06)
Federal 0.32 -1.84 -1.35 -1.39 -0.52
(0.04) (-0.92) (-0.65) (-0.64) (-0.21)
numb_bids 0.81** 0.24%** 0.28%** 0.29%** 0.27**
(2.72) (3.78) (3.92) (3.81) (3.17)
numb_bids2 -0.01** -0.00** -0.00** -0.00** -0.00**
(-2.48) (-2.51) (-2.90) (-3.08) (-2.44)
numb_bids_oth
ers -6.21** 0.11 0.13 0.16 0.23
(-2.66) (0.74) (0.87) (1.01) (1.35)
numb_bids_oth
ers2 0.39%* -0.00 -0.00 -0.00 -0.00
(2.11) (-0.31) (-0.35) (-0.45) (-0.83)
contr_value -0.00 -0.00** -0.00** -0.00** -0.00**
(-0.03) (-2.68) (-3.05) (-2.90) (-3.18)
Constant 42.33** 12.99%** 10.01%** 8.58** 3.77
(2.53) (5.27) (3.81) (3.01) (1.13)
R- Squared 0.091 0.091 0.092 0.096 0.097
Adj. R - Squared 0.045 0.088 0.089 0.092 0.093
N 185 2599 2437 2163 1764
Prob>F 0.05 0.00 0.00 0.00 0.00

7. Final Comments and Conclusion

The report provides a novel approach to estimaténgs from carrying out electronic rather than non-
electronic public procurement procedures. In paldic we have focused on one major feature of the
Brazilian public procurement regulation that makks use of e-auctionsompulsoryfor standardized
goods, whereas leaving the opportunity of adopphgsical auctions (that is, reverse auctions whereby
bidders have to gathehysicallyin the same place to submit their bids) only ineptional circumstances. It
turns, however, that some public buyers seem o arlphysical auctions even in normal circumstances
namely to purchase goods that some other publiersyyurchase by using e-auctions. Discussionsvith
Florencia Ferrer, a well-known specialist of the@Blian public procurement system, confirmed tiataict

the use of physical auctions is not restrictedxoeptional circumstances. Thus the results fromsigay
auctions might provide the much-hoped-for countdtfal to evaluate the extra level of competition

triggered by e-auctions. We conclude by drawing tbader’s attention to two main aspects of our



investigation that should in principle be takenoimroper account for future investigation on thensa

matter.

First, and perhaps foremost, the role of tbserve pricdn the computation of savings. No information was
and normally is available as to the rationale usedach single purchasing body in determining évell of
the reserve price. Two policy recommendationsra@der here:

» Reserve prices should not in principle coincidehwttie buyer’s available budget. While the
buyer's budget determines the highest possible amthat can be spent, the reserve price
should rather reflect the buyer’'s most immediatpbgsibly non-competitive, available option.

« The reserve price for a good to be bought at tinshould reflect some of the information
coming from a competitive process at titrefor the same good. In other words, the outcome of
even a single e-auction should modify the buyerfermation at least about the most expensive
purchasing option. Under normal circumstancesgelsié being equal, the reserve price for a
standardized commaodity should be at least weakbyedsing over time. However, we might
have quite solid reasons to believe that buyersedwetant to lower the reserve prices over time
as this would positively influence the magnituder@$ulting savings, which in turn might be

used one of the proxies for the performance evialuatf the procurement process.

Second, it is questionable the extent to which ame aggregate savings resulting from a large nurober
auctions used for purchasing standardized but dentical objects. While econometric estimations kou
certainly benefit from using data on very similaods - sayportable PCs rather than the broader class of
PCs -contract heterogeneitsnay turn out to be less worrisome than one woxpgket provided that reserve
prices are set in a similar manner across diffepemduct categories. In other terms, if the buyeationale

for setting the reserve price for a photocopiesingilar to the one used for the reserve price pbrable PC
then averaging out savings across many e-aucti@usdwnot raise concrete concerns. This confirms one
more time the crucial role played by the resenieepalthough the econometrician is bound very often

consider it as a “black box.”



APPENDIX

Below we list the questions that we addressed\eraeinstitutional stakeholders in three Central &atin
American countries in order to obtain data on etett and physical auctions. The questions contdiat
we consider the minimal information set on publantracts in order to carry out any sensible emgliric

analisis on savings.

1. Qué modalidades existen en el pais para la adrfuisie bienes estandarizados? Por favor describa
brevemente cada una de dichas modalidades.

2. Parala adquisicion de un mismo bien se podridgnamiferentes modalidades de contratacién? De

gué depende?

Existe subasta inversa electronica para la adipigis de bienes estandarizados?

Existen adquisiciones de bienes estandarizadasi@dios NO electronicos?

Que porcentaje (estimado) de subastas inversaakgan por medios electronicos? (si aplica)

o 0 M~ w

Existe un registro de las adquisiciones realizapdasnedios NO electronicos?

Para este estudio necesitamos comparar los datmdesiciones por subasta inversa de los misnersebj
tanto en modalidad electrénica como presenciaa Este fin, necesitariamos una base de datos (en un
archivo simple de excel) con los datos de un germénado de bienes estandarizados en los quaexist

muchos datos, en un periodo minimo de 3 afioss (@&ible mas, mejor.) Al final de este mensajastzola

tabla de datos con los campos requeridos.

Seria muy valioso contar también con la informaciéradquisiciones publicas de los mismos bienesique

hayan sido realizadas por medios electronicosedpasible.

La seleccion de rubros seria de comun acuerdoemeitp sugerir los siguientes, a manera de ejemplo:

* Bienes relacionados con informatica (computadgissrvidores, especialmente)
* Vehiculos

* si es posible algun tipo de servicio estandadzad

Campo Descripcion/opciones

* Afio de Compra afio en que se realiz6 la compra

* |dentificativo entidad De preferencia un nimesoidentificacién tnico o el nombre de la entidad
* tipo de entidad Municipal, provincial o gobierpentral

* Tipo Bien o servicio



* |dentif Compra un nimero o clave que identifiguia transaccion

* Modalidad Compra Subasta inversa electrénicasemeial, convenio marco etc

* Codigo bien o servicio codificacion del objetoqaidtido

* Descripcion del bien Descripcion del objeto dattatacion

* tipo de unidad Litro, kilo, dias, unidades, etcdplica)

* cantidad Cantidad comprada

* |dentificativo del ofertante NUmero de identif@@@n Gnico del ofertante

* Cantidad de ofertas del vendedor En caso de saylbelsnimero de ofertas que realizo el ofertante
* Precio referencial total (inicial) Precio del gpartio la subasta, o precio presupuestado partidasl
* Precio referencial unitario Precio referenciat paidad

* Valor Ultima oferta ultima oferta del ofertante

* Valor unitario final precio unitario final en quee adquirié. Solo aplica al ofertante adjudicado.
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