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Abstract: Electronic Government Network (GovNet) e-Mail System, one of the 
services offered as part of the GovNet Project in Mozambique is expanding. A 
significant growth in the number of users of the GovNet e-Mail system is expected in 
the next few months due to the addition of 63 new sites /institutions as part of the 
GovNet-Extension Project. To address the expected demand on the GovNet IT 
resources there are scientifically proven methods and processes that can aid the 
planning of the required networking and IT resources. This paper tries to propose an 
approach to be followed as part of the process of capacity planning for the GovNet e-
Mail System storage and link bandwidth. All the data in support of the suggested 
method were collected during the pilot phase of the GovNet through automatic 
traffic collection applications and through interviews of the IT managers of the 
government institutions benefiting from the GovNet services. 
Keywords: Capacity, Planning, Network, e-mail, bandwidth, Internet. 

1. Introduction 
The Government Electronic Network – GovNet [12] being implemented by the 
Government of Mozambique is currently in its extension phase. There is now more sites or 
government institutions connected to this network if compared to the ones at the end of its 
pilot phase in December 2005 [12].  It is planned that around 126 sites will be connected to 
this network up to the end of the Extension Phase in December 2007. These sites will be 
spread in all the provinces of Mozambique, interconnecting Ministries, Provincial 
Governments, Provincial Directorates, Municipalities and some district Administrations.  

The observation of the GovNet operations through network traffic and bandwidth 
analysis software [12] show that from the above list of services the e-mail service has the 
highest number of users [18] and thus uses more network resources [9] such as Internet 
Bandwidth, storage capacity and processing power of the servers. It is foreseen that with the 
planned and expected increase of the GovNet network sites and users the demand of the 
network resources or network facilities such as storage and link capacity by the e-mail 
service will also increase. From the GovNet e-Mail System perspective [17] this means that 
more (virtual) domains and users will be created with the consequent addition of hundreds 
or even thousands of new e-mail accounts for the new users.  

Information Technology Capacity Planning is defined as the science and art to estimate 
storage, hardware, software and infrastructure resources that will be necessary within a 
certain period of time in a near future [1] and it can be of aid in planning GovNet resources 
for the extension phase [2].  

In this way, and in the context of a huge growth of the GovNet e-Mail System users, 
with the number of sites being increased to 70, it is urgent for the GovNet Management 
Team to find solutions that would lead to better management of the government e-mail 
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system through the adoption of decisions [6] focusing on financing additional resources like 
connectivity bandwidth and storage capacity or administrative measures that can enforce 
implementation of e-mail policies that are aligned with eGovernment Strategy of the 
Government of Mozambique [16] and the overall Government Electronic Network 
(GovNet) principles [12]. 

2. Objectives 
The main objective of this paper is to determine the adequate GovNet’s e-Mail System [17] 
storage capacity and link (interconnection) bandwidth capacity for the extension phase of 
the GovNet Project, based on an acceptable cost/benefit or utilization factor [6] [8]. We will 
try to answer the following research questions: 
1. How will the number of GovNet e-Mail messages vary with the extension phase of the 

GovNet? 
2. What storage capacity will be required to account for the increase of the number of 

users? 
3. What link bandwidth will be required for the target optimal line occupancy figure? 
4. What is the recommended link utilization factor for GovNet? 
 In trying to answer to above specific research questions we have decided to use the 
current GovNet e-Mail System traffic data and the entire design and analyses process in this 
paper focuses on the GovNet e-Mail System [17]. 

3. Methodology 
The methodology that we have chosen to use in addressing GovNet e-Mail System 
Capacity planning is based on the application of The Workload Model [3]. The workload 
model captures the resource demands and workload intensity characteristics of the load 
brought to the system by the different types of transactions [7]. For the application of this 
model we have used the data from the current GovNet load (bandwidth and storage capacity 
consumed per site), average number of users per site and average message size per 
transaction and estimated the new load and GovNet IT capacity based on the planned 
increase of the number of GovNet sites and users assuming a constant average message size 
per transaction.  

We adopted the approach of getting GovNet data using automated sources of 
information such as the host computers (GovNet routers and servers) connected to GovNet 
that maintain accounting information used to bill for host services which can be used as 
sources of traffic requirements definition [9]. Actual messages counts were collected on an 
hourly basis each day for several weeks from the GovNet-Pilot phase using the method 
above described. A close analysis of the data has revealed considerable variations during 
the duration of the day. We did not try to assemble a complete and detailed model of 
variability in the load from the data collected but we have just made a conservative estimate 
based on these limited observations followed by some data consistency checks [8]. Traffic 
services tariffs from TDM (Telecomunicações de Moçambique), the current GovNet’s 
connectivity and Internet service provider, and other network service providers were also 
used as sources of information for link and transmission costs. This approach was adopted 
because it helped to reduce the time and effort usually required for collecting this kind of 
data. The level of our preparedness and actions to deal with inconsistencies in the data 
collected was an important aspect of this work and we did not try to obtain an unrealistic 
degree of precision [8], but rather work with acceptable estimates [7].  

Another important aspect of the methodology was the ability to reduce the levels of 
complexity in the analysis and calculus of the link capacity by filtering data of the different 
services offered by GovNet from the e-mail service data [8]. In this work we focused on the 
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e-mail service data and all the aspects that we addressed were related to e-mail traffic. As 
part of the methodology there were also some assumptions made relative to the bandwidth 
usage. For example we decided to assume that the network externality effect [8][14] and the 
communications hub approach of the GovNet topology [11][15] designed to maintain 
internal GovNet traffic within the government intranet would not affect the proportional 
growth of the shared Internet access channel with the number of the new GovNet sites. 
Feedback control (regulation) mechanisms would be used to control the increase and 
adjustment (fine-tuning) of the bandwidth usage according to the users demand with time 
along the GovNet Extension project life-time. Some aspects of server storage and 
processing capacity utilization factor as well as transmission delay (bandwidth related) and 
subjective and dependent on multiple variable [6][10][11] such as user satisfaction 
sensitivity indexes or parameters [14]. These were also not part of this work. Although the 
approach adopted is mostly quantitative it was also aided by qualitative data gathered from 
the users [6]. The additional data related to subjective aspects of utilization of the GovNet 
e-Mail systems like the perceived delay by the users in sending and receiving e-mail, the 
number of returned messages due to several technical and operational reasons [7] [8] [14] 
was collected through unstructured interviews and complains presented to the GovNet 
technical team by the users. 

4. Current GovNet e-Mail System Storage Capacity Usage 
The current storage occupation of the GovNet e-Mail System is presented below according 
to those institutions that are currently benefiting from this service since the GovNet-Pilot 
phase:  

Table 1: GovNet Mail System current Figures

SITE OCCUPANCY
site 1 2.0 GB 
site 2 3.8 GB 
site 3 461 MB 
site 4 11 GB 
site 5 2.7 GB 
site 6 132 MB 
site 7 1.4 GB 
TOTAL 21.5 GB 

5. GovNet-Extension e-Mail System Storage Capacity  
The planning process included all ministries, provincial governments and municipalities to 
a total of 70 government institutions and agencies that are part of the extension phase of the 
GovNet Project. Among these only five ministries and provincial governments are at 
present benefiting from the GovNet e-Mail System. There are also other institutions 
benefiting from this system although they do not have their domains [17] hosted within the 
GovNet environment. Besides the users registered by these institutions, there are public 
officers from several government departments that are registered in the general GovNet 
domain and have e-mail accounts in this system. 

6. Understanding the GovNet Environment 
The equipment at the GovNet central site includes servers and routers subdivided in three 
GovNet Platform planes [9]:  
1. GovNet Service Plane: web servers (also web cache server), e-mail servers, database 

servers, security servers, GovNet DNS root server,  
2. GovNet Carriage Plane: Network Access Server, National Access Router, and local 

(provincial, municipality and ministries) access routers 
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3. GovNet Management Plane: Network Management Server,  
     The following table summarizes the main elements of the current GovNet e-mail System 
that must be catalogued and understood before proceeding with the planning of GovNet 
facilities to support the proposed Centralized Government e-mail System [17]. 

Table 2: Elements for understanding the GovNet e-mail System’s environment

Element Description 
Client platform  Client platform is typically Microsoft with predominance of Windows 2000 and XP. 
Server platform Mail Server is under an OpenSource platform, Linux. This server is part of a DMZ 

along with other servers providing a variety of services and applications that are 
delivered by GovNet. 

Application Client applications are generally Microsoft Outlook and Outlook Express. Server 
application is Postfix for smtp with ClamAv and Spamassasin with support of 
OpenLDAP for accounts’ management. There is also Mailgraph which is an 
application for mail statistics. 

Network protocols Mail system uses typically these protocols: TCP/IP, POP3, SMTP. 
Service-level agreements Currently there is no Service Level Agreement (SLA). Access time and send /receive 

time can be estimated by 5 seconds. 
Security Firewall systems are installed in all nodes of the network. Antivirus for e-mail and 

other applications are also installed at the central sites and peripheral sites. There are 
access control mechanisms configured at all nodes and level of the network. 

LAN management and 
support 

The e-Mail System has a dedicated Manager. Any of the other GovNet Network 
Administrators with appropriate rights can intervene when needed. 

Procurement procedures Whenever there is a need for software upgrades or hardware purchasing the GovNet 
technical team work together to develop the system specifications. State 
(Government) approved procurement procedures and norms are taken into account 
prior to any decision of purchase. Whenever needed other technical personnel are 
individuals are invited to voice their opinions, to ensure transparency.  Any software 
upgrades can be proposed by the technical team to the team coordinator. A careful 
analysis of pros and cons is performed before any GovNet System or application 
upgrade goes into production. 

7. Workload Characterization 
Workload characterization is the process of precisely describing the system’s global 
workload in terms of its main components [8] [13] [14]. Each workload component is 
further decomposed into basic components. 

7.1 GovNet Email System Workload 

This study is concerned with GovNet e-Mail System component. Currently there are 704 e-
mail accounts signed up in the GovNet e-Mail System. The following table shows the 
distribution of these e-mail accounts by the institutions as well as the storage capacity used 
by each institution: 

Table 3: Domain and Accounts in the GovNet e-mail System.

# Institution No. of e-mail Accounts Occupancy 
1 Site 1 137 2.0GB 
2 Site 2 163 3.8GB 
3 Site 3 37 461MB 
4 Site 4 115 11GB 
5 Site 5 149 2.7GB 
6 Site 6 50 132MB 
7 Site 7 53 1,4GB 

Statistics from the GovNet e-Mail System were obtained using an OpenSource 
application called Mailgraph.  
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Figure 1: Mailgraph GovNet Session Report 

Using Mailgraph it is possible to obtain the total number of sent and received messages 
within a day. With this information it is possible to calculate additional information as 
illustrated in the following table. Simple formulas used to obtain these results are also 
presented. 
  The data summarized in Table 4 is a quantitative characterization of the GovNet e-Mail 
System and constitute a critical input for the GovNet-Extension e-Mail Planning Process. 
These data is catalogued in two parameters: Workload Intensity (WI) and Service Demand 
(SD). 

Table 4:  e-Mail processing data of the GovNet e-Mail System

Description Parameter Count 
Day (24 hours) total messages WI 1273 
Total messages received in a day WI 1059 
Total messages sent in a day WI 214 
Num of messages received per day, per user WI 1,5 
Num of messages sent per day, per user WI 0,3 
Total Users SD 704 
Message average size SD 2MB 
Current CPU utilization SD 0,3% 

8. Storage Forecasting 
GovNet e-Mail System is effectively operating since March 2004, i.e., it has been up and 
running for almost three years. Currently the disc partition that stores e-mail messages has 
71GB of capacity. The current total occupation is 21.5GB, approximately 41% of total 
storage space. The questions that need to be answered are: 
1. Will the available storage space be enough to accommodate the expected GovNet-

Extension demand? 
2. If the answer to the first question is negative, how much increase to the storage space is 

required? 

8.1 Workload forecast for the next 2 three-years period (Next Six Years) 

Given that the historical data corresponding to the past three years is known, the forecast 
that is proposed focuses on the next two three-year periods, that is, the next six years. Three 
different possible approaches are presented for forecasting the capacity: 
1. Through current maximum occupation (per site) 
2. Through the average of current total occupation  
3. Forecast based on the prediction of the total number of users (in 70 sites) 
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8.2 Approach 1: through current maximum occupation (per site) 

If we take into account the current maximum occupation per site, which is 11GB, and 
multiply this value by the total number of desired institutions (70 sites in this case) we get 
the following capacity: 

Table 5:  Forecasted storage capacity through maximum occupation

No. Current Maximum Occupation per site  No. of Years Forecasted Capacity 
1. 11 GBytes 3  770 GBytes 
2. 11 GBytes 6 1540 Gbytes  

From the results in the table above there would be a need of 1,5 terabytes (TB) of 
memory space for the next six years to accommodate the GovNet e-Mail System 
transaction storage requirements.  

8.3 Approach 2: through current average of total occupation 

If this approach is considered, and assuming that the current total memory occupation for 
the seven sites is 21,5 GBytes we got as the average occupation per site 217 GBytes.  

Table 6:  Forecasted storage capacity through current average of total occupation

No. Average Occupation per site  No. of Years Forecasted Capacity 
1. 3,1 GBytes 3  217 GBytes 
2. 3.1 GBytes 6 434 Gbytes  

There is a reduction on the forecasted storage capacity using this approach if compared 
with the first one. We get figures 75% less if compared with the ones obtained using the 
first approach. 

8.4 Approach 3: through forecast based on prediction of total users (in 70 sites) 

In this approach there must be estimated the number of public officers eligible to have an e-
mail account in each Ministry, Provincial Government and Municipality. There are tools 
and system functions to help in obtaining these figures, but it depends on several factors 
and sometimes it is difficult to obtain realistic numbers due to the fact that it is exhaustive 
and time consuming [8] [9] [14]. For the purpose of this paper we decided to randomly 
selected some ministries/institutions as samples, and develop estimates presented in Table 
7.  

Table 7:  Number of users per institution

Institution (central level) Num of users 
Institution 1 ≈1000 
Institution 2 ≈15 
Institution 3 ≈ 140 
Institution 4 ≈ 120 
Institution 5 ≈ 250 
Institution 6 ≈ 35 
Institution 7 ≈ 100 
Institution 8 ≈ 82 
Institution 9 ≈ 149 
  
Average number of users per site ≈210 users 

 The table above presents those institutions that were randomly chosen and their 
respective users. From these figures we have determined the average number of users per 
site. The numbers were provided by the institutions’ IT managers or Network 
Administrators. For the 70 sites there will be a total of 14700 eligible users. 

We multiplied this value by the average number of received+sent messages per user, 
which is 2 messages per day, and multiplied this by 2MB which is the average size of an e-
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mail message with an attachment (concluding that each user “occupies” 4MB of space per 
day in the GovNet e-Mail System), and we got the results in Table 8.  

Table 8:  Forecasted capacity through prediction of total number of users

No. Average Occupation per 
user 

Total Number of Users No. of Years Forecasted Capacity 

1. 4 MBytes 14700 3  60 GBytes 
2. 4 MBytes 14700 6 120 Gbytes  

For the next six years there is a need of 120GBytes of space if we consider an approach 
that estimates the number of eligible users in the 70 institutions. 120GBytes is even lesser 
than the results of approach 2. 

9. Bandwidth forecasting 
As already mentioned the GovNet e-Mail System currently supports 704 users distributed in 
seven public institutions. We have taken into account this information and the figures from 
Figure 1 and based on the M/M/1 Queuing discipline [8] [14] and in the Analysis of Loss 
and Delay [8] we have determined the following parameters: 

The following table presents the formulas that leaded to the obtained results: 
Table 9:  Formulas

Calculus Formula 
U – utilization 

 
Ts – service time 

 
A – arrival rate  
T – total time in system 

 
 

 If we consider the 24 hours day, as showed by Figure 1, we find out that in average each 
site sends 1 msg/min. 

However, if we consider the traffic pattern of business hours, peaking in the weekday 
between 8:00 AM and 4:00 PM which is within and interval time of 8 office working hours, 
different results are found, providing us with 3 msg/min sent by each site. 

If we assume a message length of 2MB, known that all sites have 128Kbps channel 
speed on a dedicated line [11] [15] for each GovNet site, the service time 15.6 sec. 

The same calculation was made for shared GovNet Internet channel [11], which is 
2Mbps shared channel [8] [14], leading us to 1 sec. 

The current utilization (U) of a site with 128Kbps channel for each GovNet site 
(Government institution) assuming the 8 office hour’s interval the result obtained is 0,78. 

Server utilization for the shared GovNet Internet Access channel is 0,35.  
This value of U (utilization) suggests that the server utilization, that is, the shared 

Internet Access Channel utilization, is very low, it is at the lowest recommended average 
daily line occupancy for an optimally loaded circuit that should be between 35-55 percent 
in most cases [9]. 

9.1 Forecast for the 70 GovNet Extension sites 

The exercise towards predicting what channel each site or the shared GovNet Internet 
access channel bandwidth is needed for the 70 sites has provided that we need 9Mbps 
shared channel. 

If we calculate arrival rate (A) and the utilization factor (U) for the 70 GovNet-
Extension sites considering that the Internet access channel is 2Mbps, we got an arrival rate 
of 9000000 bits and an utilization factor of 4,5. 

The value of U is above 1.  This means that the channel will be always busy because the 
arrival rate is higher that the departure rate [8]. This will lead to a situation where the 
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channel will be blocked and to high levels of congestions and consequent long queues or 
drop of packets depending if the other components of the systems are of loss or delay type 
[8] [9] [14]. To avoid this situation measures leading to the reduction of U must be taken. 
We suggested the reducing of U to a value of 80%, and maintaining the arrival rate we got a 
service rate (channel) of 11,25Mbps. 

This means that we would need an Internet bandwidth of 11,25 Mbps to have an 
utilization of the channel of 80% without changing the arrival rate per site, that is, 
maintaining the arrival rate of 3 messages per site. In this case the total time in the system is 
0,89 sec. 

Table 9 presents the summary of the forecasted data for GovNet Internet link planning. 
From the calculations above the following conclusions can be made: 

Table10:  Forecasted Internet channel bandwidth and utilization factor

No Description of the 
System 

Arrival Rate 
[messages/Site/Minute] 

No. 
of 

Sites 

Service 
Time 
[Sec] 

Total 
Time 
[Sec] 

Channel 
Bandwidth 

Utilization 
factor [%] 

1. GovNet Site 3 1 15,6 70,9 128 Kbps 78 
2. Current GovNet 3 7 1 1,53 2 Mbps 35 
3. GovNet Extension 

without U 
correction 

3 70 ∞ ∞ 2 Mbps 450 

4. GovNet Extension 
with U correction 

3 70 0,178 0,89 11,25 80 

 
1. If we calculate server utilization using 128Kbps which is the channel speed that each 

site has been allocated we can clearly see that utilization is 78%, that is, it almost 80%, 
the recommended link occupation factor. This value indicates a good utilization of 
GovNet resources (transmission facilities). 

2. Following the same procedure to calculate the full GovNet Internet channel of 2Mbps 
for the current 7 sites using e-mail system we get results that indicates server utilization 
is only 35% what suggests that the Internet bandwidth is underused. 

3. For the case of GovNet-Extension, that is, with all the 70 sites includes we get the 
utilization factor that is above 1, meaning that the channel is over utilized or there will 
be long delays due to channel congestion. In this situation it is extremely difficult to 
determine the service time and the total time in the system, but it will be very high (very 
long delays). This is a situation of a bad network design and changes need to be made to 
bring the GovNet e-Mail System to get a good level of performance. The suggestion is 
to increase the bandwidth.  

4. We suggested setting the channel utilization factor to 80% and determining the new 
bandwidth. The results shows that there is a need to increase the Internet channel speed 
to 11,25 Mbps to bring the system to the recommended operational parameters of 80% 
utilization factor for the 70 sites of the GovNet-Extension phase. 

5.  It is also important to notice that the total time that a message takes in the system is 
very high when taking a single site channel speed compared Internet channel speed, 
meaning this that the congestion points will be on the interconnection between the sites 
and the GovNet’s central site and not on the GovNet Internet interconnection link.  

10.    Conclusions 
Determining capacity for any information communication system is a complex exercise. It 
is sometimes left only to the IT personnel of organizations that usually apply Client/Server 
platforms to establish corporate collaborative information system. It requires a careful 
planning and involvement of various individuals with managerial responsibilities and 
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departments within the organization if in fact the resulting system is intended to support the 
achievement of the planned organizational and business objectives [3][5]. 

If the IT capacity planning exercise is well done it can also contribute in maximizing 
the return on investment and also lead to higher levels of client (user) satisfaction as well as 
contribute to the optimal usage of scarce financial and bandwidth resources, mainly in 
developing economics like Mozambique, where the low and expensive bandwidth is usually 
pointed out as the main causes of the “Digital-Divide” problem. We believe that parallel 
approaches both with actions towards policy and investment to expand the coverage of 
telecommunication infrastructure and methodologies to optimize usage of available 
resources (financial and technical) can catalyze the process towards reducing the digital 
divide phenomenon.  

Based on the practical requirement of the GovNet Project we have applied theoretical 
networking traffic principles and models and we have embarked into the planning journey 
of GovNet e-Mail System trying to utilize formal models [7]. The objectives set for this 
study were almost all achieved and the GovNet e-Mail System storage and link bandwidth 
were determined as well as other performance measurements parameters like the service 
time and the total time in the system. An analysis on the impact of the increase of the 
number of GovNet sites, and as a consequence, the number of GovNet users in the 
utilization factor of the link and storage capacity undertaken and the quantitative results can 
serve as a basis for informed decisions, both for the acquisition of additional Internet 
bandwidth and storage capacity and for the adoption of policies for improvement of 
systems performance. 

Service Level Agreement (SLA) principles introduced in the first pages were not 
developed in this document but it is understood as an issue that the GovNet team will 
address as part of further work in the near future. We believe that this will contribute to the 
delivery of better e-mail communication services to the Government of Mozambique 
through GovNet. Another important aspect highlighted through this paper is related to the 
Quality of Service (QoS) and the fact that it will only be achieved through a great 
commitment not only of the GovNet Managers and technical personnel, but also from the 
availability of resources to improve the GovNet technical platforms and the GovNet 
connectivity and Internet service provider (TDM). 

GovNet design and planning process, like in many data networks, must be able to 
function with incomplete and approximate data inputs. At the same time, it should not 
degenerate into simply using ´fudge factors´ and crude rules of thumb. Therefore, as much 
accurate and detailed information as possible is sought given a realistic amount of effort. 
We tried to follow these principles along this planning process, mainly in the process of 
gathering, filtering and calculating important data or parameters.  

Lastly, one of the contributions of this work was to improve our understanding of the 
network design and capacity planning principles and processes by understanding the 
network design process itself, and in particular, the sensitivity of specific design decisions 
related to the choices of the network design input data for the GovNet e-Mail System. We 
tried to contribute in minimizing the effects of rules of thumb approximation by using 
realistic data and where needed using estimates that were based also on realistic data.  
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