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Editorial Note

Engineering for the Development of Mauritius 2050
Virendra PROAG, Raj H. PRAYAG

...Et nous arrivons en ce moment même, avec les climats qui changent,...Nous ne 
pouvons pas perdre notre pluie. Intéressés, réfléchissez! Il y va de l’avenir de toute l’île. 
(Malcolm de Chazal, Advance 23 février 1957). Malcolm de Chazal had a degree in engineering from 
Bâton Rouge, Louisianna.

...Il y a une dizaine d’années que l’endiguement de la Mare-aux-Vacoas a été proposé à plusieurs 
membres de la Chambre d’Agriculture et du Conseil législatif. Sir William Stevenson fut le seul 
à venir, deux fois de suite, étudier la possibilité du projet ; et, bien convaincu de la facilité 
d’exécution de ce travail, il m’engagea à écrire à la Chambre d’Agriculture pour que la chose fut 
référée au Conseil, promettant son adhésion.... A.B

(Published in Le Cernéen, in its edition of 2nd September 1868 and reprinted more than a century later 
in les pages d’histoire de l’Express.) The complete letter confirms that water projects take a long time: 
the dam had been proposed some ten years prior to 1868 and yet, it will not be until 1888 (thus, some 30 
years later) that some form of embankment is going to be constructed by raising a public loan to the tune 
of Rs. 500,000 (of those days).

The two quotes are a reminder that (1) climate change also existed 60 years ago – with probably less noticeable 
or severe impacts, (2) engineers are here to think about the future of their country, and that (3) the decision 
makers should also be committed or interested in the future of their country, for development to take place.

The Engineering profession serves the community, in many ways, fire fighting, if need be to operate infrastructure 
daily. Otherwise, where would Mauritius be today, if dams, power stations, roads, telecommunications and 
other facilities had not been timely constructed or implemented.  The Port Louis-Pont Fer motorway has 
gradually been converted into a 3-lane dual carriageway over a period of some 60 years; the capacity of Mare 
aux Vacoas dam has been increased several times between 1888 and 1961, for the benefit of Mauritius, but 
surely and certainly because some engineer studied the idea and the possibility of implementation before getting 
it approved by the political decision makers. Electricity came to Mauritius in 1899, with the commissioning 
of a 40kW turbine set at Reduit. The Engineering Profession – though few in number – had to carry out its 
homework. Presently, some retired engineers are asking themselves why we still have problems in handling the 
services required from many infrastructure facilities: traffic problems, intermittent water supply, uncertainty in 
energy supply, among other things. In 30-50 years’ time, the young engineers of today will be senior citizens 
wondering why their generations did not think of improving facilities. This is precisely the aim of this year’s 
Journal of the Institution of Engineers: to jot down how the Engineers of today would like to see Mauritius in 
the future. The future starts today; implementation usually takes a bit longer. Even if the target of 2050 seems 
far away, it will be well to remember that apart from the works mentioned above, La Marie treatment plant, 
originally built in 1895, is still in use. The same goes for the first hydro station which became  operational in 
1903, at Tamarind Falls in the west, with a 250kW turbine.  
 
This current issue of the IEM Journal, devoted to future development of Mauritius, shows how a few engineers 
have brainstormed about possible developments for the future of Mauritius. If we are lucky, we might end up 
advising the authorities, including the government on societal problems. If not, nobody should be able to point 
fingers at the Engineering profession: “You proposed Nothing!!”
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ENGINEERING FOR MAURITIUS IN 2050 
Raj H PRAYAG, PDSM  

President of the Institution of Engineers Mauritius 

It takes visionaries to forecast things and 
happenings 30-40-50 years ahead in a very 
complex and fast evolving world. It is even 
more challenging to do so in Mauritius as most 
strategic decisions are externally driven, and 
where most of the national policies depend on 
what happens elsewhere. This is exacerbated 
when the respective governments are in power 
for a period of 5 years at a time and hence they 
are more focused to plan and implement their 
projects within that period as the burden to 
showcase their achievements would prove to 
be crucial for re-election. 

A classic example concerns energy 
production. It is very difficult to forecast 
production methods  in terms of planning even 
for short periods because as new technologies 
are becoming available, the prices of new 
renewable energy production are becoming 
more affordable. This in turn leads to lesser 
demand for fossil fuel and obviously to lower 
price of oil. As more choices will become 
available, there will be cut throat market 
competition for the energy of the future. 
Furthermore, to comply with engagements 
taken at COP 22, countries like UK are 
reverting to Nuclear Energy as a way to 
producing clean energy 

In the next decade, price of energy production 
will have to come down as the cost of 
renewable energy becomes more competitive 
and affordable with so much solar, waves and 
wind energy technologies becoming available 
around Mauritius. 

Likewise, the way we live, travel to work or 
the place where we work will undergo 
tremendous changes. There will be no need for 

anyone to travel to an office when the same 
work can be done more efficiently and at a 
cheaper cost from the comfort of home.  

In future, we shall be living and working in a 
virtual world where the technology will put 
one in the same room as his/ her working 
colleagues sitting at the other end of the 
planet. 

Hence with a fast changing world where 
technology and communications are evolving 
at an exponential rate, how does one prepare 
for it? 

First and foremost, there is a need for a 
scientific approach to planning for the future, 
and therefore the need to study the anticipated 
changes and to incorporate them in our plans, 
bearing in mind the average lead time required 
from planning to implementation is around 
twenty years.   

The way forward will require fundamental re-
engineering of the way we live, we do 
business, we communicate, we travel, we use 
resources, the way we produce the energy, 
water supply and the way we produce our 
food.  

Just as the past 50 years have totally changed 
our lives, the world in 2050 will be 
substantially different from the one we live in 
at the present and the preparatory and 
transition time is less than 35 years. This is 
indeed very short for planning, designing and 
implementation. 

ENGINEERING FOR MAURITIUS IN 2050
Raj H PRAYAG, PDSM 

President of the Institution of Engineers Mauritius
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Education and New breed of 
Engineers 

To enhance the nation's economic productivity 
and improve the quality of life at national 
level, the engineering education that is 
provided in Mauritius must anticipate and 
adapt to the dramatic changes to come in 
future engineering practice. In view of the fast 
changing scenario over the next decades, it is 
important that the engineering profession 
recognizes what engineers can build for the 
future through a wide range of leadership roles 
in industry, government, and academia--not 
just through technical jobs.  

Imagine a scene in year 2050. An employer 
seeking to recruit the best specialist for a 
major project has a world wide choice of 
experts.  It will be just as easy for him to 
recruit at the same cost an engineer located at 
6000 km from Mauritius than to employ a 
Mauritian Engineer sitting next door. It will 
also be true for someone in Los Angeles, USA 
to recruit a Mauritian Engineer at a 
competitive price, and get the same value for 
money. The future engineer must be able to 
provide quality and appropriate service from 
his home/office. The Technology will be 
available for him to do so.  

If one needs reminding, the International 
Space Station is already producing / 
manufacturing parts that are required for 
replacements in the outer space using 3D 
printing technology. 

However for this to happen, the Engineer 
educated in USA and the Engineer educated in 
Mauritius must have similar education and 
technical abilities. That is the challenge. 

Engineering Education of the future must be of 
International Standards and all degrees must 
be accreditated to the level of excellence such 
as benchmarked under the Washington 
Accord, which has also been advocated by the 
WFEO. 

Our Engineering Universities should attract 
the best and brightest students and be open to 
new teaching and training approaches. With 
the appropriate education and training, the 
engineer of the future will be called upon to 
become a leader not only in business but also 
in nonprofit and government sectors. 

The next several decades will offer more 
opportunities for engineers, with exciting 
possibilities expected from nanotechnology, 
information technology, and bioengineering. 
Other engineering applications, such as 
transgenic food, technologies that affect 
personal privacy, and nuclear technologies, 
raise complex social and ethical challenges. 

Future engineers must be prepared to help the 
public consider and resolve these dilemmas 
along with challenges that will arise from new 
global competition, requiring thoughtful and 
concerted action. The Mauritian Engineers 
must be able to live up to the above 
expectations. 

Local Needs or SIDS specific Needs  

Mauritian Engineers will have to be highly 
specialised in Climate Change specific 
engineering as the challenges are unique so as 
to keep an ever diminishing island land mass 
ticking. The marine and coastal engineer will 
be working to keep the receding coastline safe 
from further inroad  by the ocean, keep salt 
water intrusion at bay by building dykes and 
other impervious water retaining structures. 
By 2050, all buildings and infrastructure along 
the coastlines will have to be rebuilt at a safe 
distance inland. In fact, this information is 
already available under the tsunami and sea 
level rise planning scenarios and both the 
authorities and the citizens should take heed.  

Engineers will inevitably have to resort to 
designing self-sufficient buildings and houses 
for the provision of water supply and energy 
for lighting, cooling or heating, -, they should 
already have started to do so.  
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Engineers will also be called upon at the front 
line in designing large agricultural buildings 
and providing a controlled environment for 
growing agricultural foodstuffs for the 
population. This type of innovative design will 
provide the food security for the population of 
2050s.  

Transport 

At the beginning of August 2016, the US 
Federal Aviation Administration Office of 
Commercial Space transportation (FAA_AST) 
awarded Virgin Galactic an operating licence 
for Spaceship Two. 

The Licence award, which will ultimately 
permit commercial operations of the vehicle, 
was the culmination of several years of in-
depth interaction with FAA. 

In 10 years’ time, it will be current practice for 
space tourism and travelers to travel to outer 
space and afterwards it will be common 
practice for travel time from UK to Australia   
to last mere 3 hours, as a new generation of 
travel craft will be rocket launched into space 
to land on the other side of the planet.  

This calls for planning of future airports. Will 
there be runways or landing pads?  

The reality is that, today, already an 
unidentified pilot sitting in California, USA in 
a control room bunker can visually manipulate 
drones to strike with high precision targets at 
distances of over 6000 kilometers. Use of 
drones for intelligence, information gathering, 
for surveying over unreachable sites, and 
commercial delivery services are already 
common practice in developed countries. 
There is already an urgent need for putting in 
place relevant and appropriate legislations that 
guarantees the citizens privacy and at the same 
time allow the use of this technology to 
provide life saving and economic activities. 
While it may not have been published or 
leaked out, there may already be some aircraft 
manufacturing companies designing pilotless 

fare paying (commercial) aircraft to be sold 
along with their remote control consoles, 
which passengers may use without even 
becoming aware that there is no pilot in the 
cockpit. When such will become available, the 
security problem to be solved might be how to 
keep the pilot’s kids from having a go at the 
controls. 

Regarding land transport, Mauritius cannot 
indefinitely continue to encroach on valuable 
and scarce land to build more roads nor can it 
afford to have an ever increasing number of 
vehicles on the road. Hence, the alternatives 
for a novel mode of locomotion should be high 
on the agenda. Clear decision on new policies 
and strategies regarding land transport for 
horizon 2050 is long overdue.  The Minister of 
Finance recently mentioned that the 
government of Mauritius is considering an 
Express Transit System to link the main towns 
and villages to the capital Port Louis. 
Government should decide now before the 
whole of Mauritius becomes a huge vehicular 
park, when walking would become the 
quickest means of travel. 

Communication 

If it is possible to communicate from earth to 
anywhere on earth and beyond in the outer 
space via wireless (radio signals) networks, 
then obviously it should also be possible to 
provide telephone and other such facilities 
without having to dig trenches and break up 
roads and footpaths in Mauritius.  Technology 
using fast fibre optic cables is already in use in 
Mauritius and is planned to cover the whole 
island in the next two years. However, with 
the fast development in the technology in this 
sector, one needs to be aware and plan for the 
next phase in communications. Wireless 
technology is already available and there is a 
need to give thoughts to the future as the 
future depends on today’s decision and 
planning. 
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Challenges 

It is vital and urgent that a national steering 
committee is set up to envision the future and 
to use that knowledge to attempt to outline / 
define / articulate the roles that Engineers 
could play in the next decades. This 
information will also prove indispensable to 
position engineering education in Mauritius 
for year 2050 rather than wait for 2050 and 
then trying to respond then.  

It must be said that there is no exact science to 
predict future engineering requirements. 
However, various scenarios based on 
developing technologies and their potential for 
nanotechnology, biotechnology, material, 
computing, and logistics would be factors 
engendering future change, as perceived today. 

Ahead lays the challenge of considering what 
engineering students should learn in the 
University to prepare for the future and how 
this might differ from what is being taught 
today. Already the International benchmark set 
under the Washington Accord requires a four 
year full-time degree with very specific 
subjects and problem solving skills, along with 
a commitment to life-long learning. 

The special challenge of the future Mauritian 
Engineer will be in learning to handle and find 
solutions to islands specific climate change 
related technical problems as well as learning 
about other fast evolving technologies of the 
future that will enable him to be useful and 
pivotal in the shaping, directing and managing 
the sustainable development of his country, his 
region and at international level. 

Conclusion 

By way of conclusion, it must be stressed that 
time is catching up on us. Governments, 
including ours, have a major role to play in 
bringing about the infrastructure of tomorrow 
and it should expect that Universities may 
become very selective about the quality of its 
intakes and would impose a demanding set of 
criteria from high school leavers. The 
emphasis on educational reforms must not 
solely be the doing away with the so-called rat 
race at CPE level, which may just be delayed 
to the end of the 9th year. The reforms must 
ensure that the quality of mathematics and 
science taught in the pre-university years meet 
the new criteria that the Universities would 
set.  If our Universities are to produce the 
engineers of a professional standard that the 
nation needs, then the Universities must take 
into their engineering programmes only those 
high school leavers who demonstrate that they 
can successfully graduate out of degree 
programmes of an academic standard such as 
advocated by the Washington Accord group of 
professional engineering bodies.      
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SUSTAINABLE DEVELOPMENT OR 
SUSTAINABLE NUISANCE: PLANNING FOR 
THE LONG TERM 
Virendra PROAG 

University of Mauritius      vproag@uom.ac.mu 

 

“Nous n’héritons pas de la terre de nos ancêtres, nous l’empruntons à nos 
enfants.” African proverb 

Sustainable development is development which meets the needs of the present 
without compromising the ability of future generations to meet their own needs.    
(Bruntland, 1987) 

If no one really knows what it is, who’s accountable for it, how do you measure it, 
and then how do you know if you’ve achieved it?       (Cole, 2012) 

 

1. Introduction 
During the 1960s, there was the battle 

towards independence and suddenly, after 
independence in 1968, an array of problems 
seemed to crop up. Many areas received a poor 
water supply with daily cuts during the day, a 
problem which apparently is still on the daily 
schedule for several areas in Mauritius. In the 
early 1980s, colleagues in Réduit could end 
their lectures at noon, take a car trip to the Port 
Louis market to buy their vegetables and still 
be able to come back in time for their lectures 
starting at 1 p.m. A trip from Curepipe to Port 
Louis similarly took little time, with parking 
facilities under the very building where one 
had a meeting. Presently, these 1980 realities 
are the dreams of 2016. 

The quotations above do give an idea of the 
problem facing us. Even if things are 
comfortable now, we can only address 
sustainable development by safeguarding 
development for the next and successive 
generations by giving them a comfortable 

start. Just like every parent tries to leave a 
significant legacy to offspring, we should 
bequeath a comfortable infrastructure to the 
next generation which it can build upon: this is 
the principle of intergenerational equity. If 
successive generations have to correct the 
mistakes of past and present generations, then 
we have produced a sustainable nuisance! 

Figure 1 shows that the population of 
Mauritius has gone a long way from the 
180,000 in the 1850s to the present day of 1.3 
million. Depending on the rate of growth, 
Statistics Mauritius(2014) is forecasting a 
possible increase to 1.6 million in the high 
scenario. The population will not increase 
significantly from now in the low scenario.  

However, several issues need to be 
addressed. If the population does not increase 
significantly, the problems of road congestion, 
water supply, etc. should nevertheless be 
addressed. There will be an increased number 
of old people, to whom the relevant attention 
needs to be given. 

SUSTAINABLE DEVELOPMENT OR 
SUSTAINABLE NUISANCE: PLANNING FOR 
THE LONG TERM
Virendra PROAG

University of Mauritius      vproag@uom.ac.mu
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If the population does increase to 1.6 
million, either naturally or by massive 
immigration, other problems such as more 
housing, more schools, etc. should be given 
more attention rather than just mentioning 
them as a being a mere possibility.  

But then, one might well ask, what are 
these problems that are being referred to? Are 
they that important to worry about? 

Table 1 shows the categories of infrastructure on which the population depends for everyday life. 

Table 1: Different categories of infrastructure in a country 

Category Details 
Transportation Roads, bridges, tunnels 

Airports, helipads, ground facilities, air traffic control 
Seaports, dry docks 
Mass transit (monorail, trams, bus, platforms, stations) 

Water 
Wastewater 

Water supply (pumping stations, treatment plants, service reservoirs, trunk mains, 
boreholes, mechanical/electrical equipment) 
Structures (weirs, dams, impounding reservoirs, tunnels, aqueducts) 
Irrigation water distribution (rivers, canals, weirs, gates) 
Sewerage (sewerage pipes, septic tanks, treatment plants) 
Stormwater drains (roadside gutters and drains, canals) 

Waste 
Management 

Solid waste (transport, landfills, transfer stations, recycling facilities) 
Hazardous waste (transport, storage facilities, treatment plants, security) 
Nuclear/radioactive waste (transport, storage facilities, security) 

Energy Hydroelectric plants (turbines, penstock, surge tower) 
Thermal plants (gas, oil, coal fuelled power generation) 
Gas pipelines (gas production at landfills, storage tanks) 
Petroleum/oil distribution (pumping stations, truck or pipe transport, storage tanks) 
Renewable energy (infrastructure for solar power, wind power, biofuels) 
Electric power distribution grid networks 

Buildings Public buildings (hospitals, schools, government offices, police stations, fire 
stations, prisons, parking structures) 
Other buildings (public, residential, commercial, multipurpose complexes) 
Public and private housing facilities 
Industrial, manufacturing, warehousing and supply chain facilities 

Health Public and private health facilities (hospitals, clinics) 
Teaching and Research hospitals 
Private nursing homes 

Recreation  Parks and playgrounds (roads, parking areas, recreational facilities, office 
buildings, swimming pools, picnic areas) 
Lake and water sports (roads, parking areas, picnic areas, fishing facilities) 
Theme parks/casinos (access roads, buildings, restaurants, security facilities) 

Communication Telecommunication networks (land telephone/optic fibre networks, telephone 
exchange stations, cable distribution, power supplies, data processing centres, 
buildings, transmission towers) 
Television cable networks 
Wireless/satellite networks 
Information technology (IT) infrastructure networks (cable distribution, computer 
networks, backup and recording mediums, cloud computing infrastructure). 
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The example of water supply will be taken as an illustration. Once the nature of the planning 
problem is established, the reasoning can be extended to infrastructure in general. 

At one time, water availability did not seem a problem. Then, there was a sudden development 
(economic growth) of the country, with water requirements increasing too quickly for them to be 
satisfied.  
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2. Planning Investment in the 
Water Sector 

Any asset once built can satisfy a certain 
demand or requirement. This may be constant, 
decrease with time (wear and tear, etc) or 
increase (very rarely). On Figure 2, the 
existing asset is shown as having a fixed 
capacity, as a horizontal straight line, and 
provides more capacity than required. 
However, with time, the water requirements 
will increase gradually for several reasons 
(demography, tourism, industrial development, 
agriculture, etc). This requirement is 
represented by curve Yt. Hence, after a certain 
time To, the existing asset is no longer 
satisfactory, and an increase in capacity is 
required. 

If planned well in advance, the asset build 
up can be implemented in time and is always 
adequate to satisfy the requirements. It may be 
noted that the time scale before and after To is 
not indicated at this present stage, and will be 
defined hereunder. 

If, however, there is some time lag in 
assessing the requirements and then providing 
the asset increase, there a non-stop cat-
chasing-tail experience, as seems to be 
presently the case in several sectors (roads, 
water, etc). 

As is well known, there is a continuous 
interaction between infrastructure parameters. 
Thus, though the trend equations will give the 
forecast values for water and waste water, 
there is, nevertheless, a close link between 
them: the development in the two sectors 
needs to be synchronised. 

 

3. Basic Activities Required 

In order to be able to implement the 
necessary infrastructure before it is required, it 
is desirable to examine all the activities 
required. These are broadly as follows: 

 Assess the water requirements 
 Assess the water availability 
 Preliminary matching of resources and 

requirements 
 Formulating possible schemes 
 Cost estimates of schemes 
 Formulating the Draft Master Plan 
 Marketing the Master Plan and 

acceptance thereof 
 Feasibility studies 
 Looking for funds 
 Implementation of proposed schemes 

 

3.1  Assess the water requirements 

It is of course necessary to assess the water 
requirements. Present uses can be surveyed, 
both for quality and quantity, but possible 
future uses must also be imagined. The next 
question is the forecasting period. It may be 
argued why a forecasting period of 50 years or 
so should be considered here. In many cases, 
population estimates are made for 20 years. In 
our experience, however, there are several 
reasons why it is necessary to look beyond a 
20 year study period. The actual 
implementation of a major project (trunk 
mains or a system of service reservoirs, not to 
mention a dam) may not start before 5-10 
years after inception of the project. By the 
time the project is completed, it is found that 
the facility provided has already reached its 
useful capacity (as designed 20 years ago), i.e., 
even before it starts operation, it is already 
under-designed. Furthermore, once the project 
has been completed, its useful life starts, 
namely that the project will be providing 
facilities for the next 50 to 100 years or more, 
as discussed later. Even if a mere 50 years is 
considered, it is still 50 years beyond To! 
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3.2  Assess the water availability 

Certainly, before anybody spends money, it 
is necessary to know how much money is 
available. Thus, an assessment of the water 
available over the country will need to be 
carried out, starting from rainfall to river flows 
and groundwater data. 

3.3  Preliminary matching of resources 
and requirements 

Once the two assessments above have been 
carried out, a preliminary matching may be 
carried out to check on the feasibility of our 
dreams.  

If the projected water requirements exceed 
water availability, this means that at some 
time, there will be a possible water shortage, 
unless the water demand is reviewed or some 
external means of producing water (water 
recycling, desalination, etc) is brought in. 

If the projected water availability exceeds 
water requirements, this means that with a 
well-planned infrastructure build up, it should 
be possible to meet all the water requirements 
of the projected forecast. 

Of course, it cannot be foreseen what type 
of new technology will come along in the 
future. Thus going too far ahead in the future 
could tend to become wishful thinking. But 
this exercise has one big advantage. It 
immediately lays down the nature of 
investment required in terms of infrastructure 
and water conservation for meeting future 
possible development scenario as well as 
indicating what may be the natural constraints 
in the country. 

3.4 Formulating possible schemes 

Given the theoretical water availability, it is 
possible to formulate possible schemes 
(storage dams, run of river diversions) or 
groundwater pumping stations which could 
ensure a guaranteed, reliable flow in the 
future.  

3.5 Cost estimates of schemes 

For any given scheme, it is found that the 
cost depends on the flow that it is possible to 
harness. It will be thus possible to determine a 
series of costs for each possible scheme with 
different flows. In principle, the cost rises 
rather exponentially as the flow increases. 

3.6. Formulating the Draft Master Plan 

It will be remembered that water is required 
both in space and time, i.e. in certain areas and 
over time. For example, a region A may be 
presently well served but will lack water in 25 
years’ time and will need the implementation 
of 2 projects, one to be ready by the 25 years 
and another to be available after another 10 
years. A region B will have another set of 
requirements, maybe for agricultural or 
touristic reasons. 

Thus, the implementation of the schemes 
must be planned in such a way that the 
different regions obtain their water 
requirements, as and when they need them or, 
slightly before. 

3.7 Marketing the Master Plan and 
acceptance thereof 

The studies that have been carried out 
above by a group of technicians may be 
technically very sound, but unless the Master 
Plan meets the approval of the various 
stakeholders (users, politicians, etc), it is 
foolish to expect that any of the schemes will 
be implemented in time, if at all. 

It is thus very important that some time be 
devoted to meeting the different stakeholders 
(or their representatives or associations) quite 
early during the formulation of possible 
schemes and the Draft Master Plan. It is 
advisable to organise presentations at different 
stages to potential stakeholders and ask for 
their comments. As long back as 2003, the 
small town of Rundu (37,000 inhabitants in 
the 2001 census growing to 63,000 in the 2011 
census) in the north of Namibia invited 
representatives of some 30 ministries and 
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NGOs to a presentation for a upcoming water 
supply project to the town. The idea was to 
invite everybody to have their possible views, 
to be taken on board, as far as possible. 
Several sittings might be necessary. Those 
who did not come would not be in a position 
later to contest decisions taken or plans 
approved by the majority. A commendable 
democratic exercise! 

3.8  Feasibility studies 

After the Master Plan has been approved by 
the relevant authorities, the implementation of 
any scheme would require a detailed 
feasibility study. Hopefully, a few of these 
studies would be initiated. However, such an 
exercise would require consultants, the choice 
of which would necessitate 6 to 12 months. 

While the feasibility studies are ongoing, 
refined estimates will be available and should 
enable the Government to contact a few 
potential funding agencies. 

3.9 Looking for funds 

While the funding agencies would show 
interest at the stage above, they would not 
commit to anything unless they have seen the 
feasibility study and approved the whole 
report. Even if a funding agency had approved 
of the Master Plan, the submission of a proper 
feasibility study is a prime requirement for any 
further funds for project implementation. If 
one funding agency is not interested or does 
not wish to participate in the project, then the 
Government will have to look for some other 
sponsor. 

3.10 Implementation of proposed schemes 

When there is a positive indication that 
funds will be obtainable, albeit in a few years, 
the Client may initiate proceedings for detailed 
design work and the preparation of Tender 
documents. Of course, the latter will be floated 
in due course and the different contracts 
awarded. The project duration may be short (1 
year)  or longer (up to 3-4 years) for dam 
projects. 

It is only after the completion of the 
scheme that water will be available to meet the 
needs. But what year are we talking about? 

4. Planning the Activities 

A tentative time schedule has been shown 
in Table 2 on the basis of personal experience 
in Mauritius and Rodrigues. It is very edifying. 
If we want to secure water in the future, we 
need to know something about our future 
requirements. Basically, in the best of 
circumstances, 10 years will elapse before it is 
possible to benefit from a major water project 
forming part of a coherent plan. In normal 
circumstances, 17 years may elapse. A longer 
period is, in fact, more likely, say 20 years, as 
there are always people who will delay in 
taking decisions, or through the normal 
bureaucratic way that things move. As an 
example, the pre-feasibility of Bagatelle dam 
was carried out in 1991, construction started in 
2012 and will be completed by 2017.  

Thus the time before To should be of the 
order of 20 years. 

A project, once built, will probably have a 
lifetime ranging from 50 to 100 years or more. 
To further complicate matters, a water project 
is not an end in itself. There are various 
sectors – if not all – which influence or are 
influenced by the availability of water, as 
shown in Figure 3. 

Coming back to Figure 2, we are thus faced 
with the problem of estimating requirements 
for 20 + 25 or 20 + 50 = 70 years (or even 
more) from now. This is for the first project to 
be implemented. Other schemes identified in 
the Master Plan will be expected to follow up 
gradually, as time goes on. Thus, for these, the 
estimate of water requirements must go even 
further. 
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Table 2: Schedule of activities required to ensure timely water supply 

ACTIVITIES Duration Concurrent Earliest 
finish time 

Normal 
finish time 

 years Yes/No Year Year 
Assess the water requirements 1-2 Y 1 2 
Assess the water availability 1-2 Y 1 2 
Preliminary matching of resources and 
requirements 

1-2 Y 1 2 

Formulating possible schemes 1-2 N 2 4 
Cost estimates of schemes 1 Y 2 4 
Formulating Draft Master Plan 1 N 3 5 
Marketing the Master Plan and 
acceptance thereof 

1 N 4 6 

Feasibility studies 1-2 N 5 8 
Looking for funds 2-5 N 7 13 
Implementation of proposed schemes 3-4 N 10 17 

 

 

 Figure 3: Interaction of different parameters in the Mauritian environment 
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This is probably a tall order, particularly if we 
realise that water is a commodity that interacts 
with all economic activities, as shown for 
example in Figure 3. 

As regards project lifetime, many Codes of 
Practice indicate that the average lifetime of 
most buildings and structures is near 50 years. 

This may have been true at one time. There 
are, however, other factors which need to be 
considered: 

(1) the use of better materials has increased the 
lifetime of the buildings and structures.  

(2) why should any owner, demolish his 
building or infrastructure after 50 years, if it is 
still serviceable? The Eiffel Tower was built in 
1889, to be demolished just after the same 
year’s Universal Paris Exhibition. It is still 
standing and being regularly maintained.  

(3) it might be difficult to choose another site 
in the future. A road surface may have a 
lifetime of 20 years, but there is, after 20 
years, rarely the possibility of enlarging the 
road, if both sides have been built up and no 
provision was made for possible enlargement. 

(4) for other facilities, dam site, water 
treatment, etc, enlargement is only possible if 

space provision was made at the initial stages 
of planning/construction. 

(5) in large countries, an altogether new site or 
route may be chosen because of space 
availability (in France, the TGV follow routes 
which are completely different from existing 
rail routes). However, on small islands, space 
is usually at a premium. 

(6) the cost of demolition becomes so high that 
the owner is likely to push the time limit 
before he has to really bring down the 
structure. 

In effect, not only may the lifetime of an 
asset exceed 50 years, but the space available 
might dictate that successive additions be 
made to existing infrastructure. Thus, we see 
that the time after To may well exceed 50 
years. It is interesting to compare the figures 
given by Jantsch (1967) cited in 
Roberts (1983), shown in Table 3. Roberts 
(1983) indicates that while land use planning 
needs a formal forecast for a 20-year period, it 
is useful to have an informal forecasting for up 
to 40 years. Given the technical exigencies of 
infrastructure planning, the 50 years 
mentioned here should not seem farfetched. 

Table 3: Probable Planning Period for Different Uses 

Agency Forecast period of concern 
(years) 

 Formal  Informal 

'look out' institutions, social technology, natural resources, etc.  Up to 50 +  

industry in social technology, e.g. communications  5-10 30-50 

space programme 10-20  20-30+ 

defence 7-10 20-25 + 

national economy e.g. French plan 5 20-25 

national goals e.g. US government 5- 6 10-30 

innovating industry e.g. chemistry, electronics 5-10 10-20 

consumer type industry 3- 5 5-10 

To come back to Figure 2, the time before To should be of the order of 20 years, while the time after 
To may well exceed 50 years. It is therefore imperative that the planners’ vision extend beyond 70-
100 years. 
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5. Establishing the Time 
Frame 

One solution is of course to bury one’s 
head in the sand and do nothing: we will 
address the issue when it arises (we cross the 
bridge when we reach the river – maybe, but is 
there a bridge?). This policy, at best, is a 
piecemeal approach that will provide, if 
possible, assets, which are always lagging 
behind. In fact, we have not solved the 
problem of safeguarding our water supply or 
ensuring that infrastructure is available when 
needed. 

This is precisely one of the biggest 
challenges of planning which is, too often, 
classified in the “too difficult” box. As a 
result, only short term solutions are examined. 

However, if one wants to handle 
sustainable development seriously, it is 
important to address the principle of 
intergenerational equity, namely to plan for the 
long term where future generations will inherit 
infrastructure that they use comfortably, rather 
than be confronted with everyday inadequate 
provision of facilities. In short, a sustainable 
nuisance! 

As mentioned earlier, it is difficult to 
foresee future technology and thus future 
requirements. Going too far ahead in the future 
could tend to become wishful thinking. This 
exercise, however, has one big advantage. It 
immediately lays down the nature and order of 
magnitude of investment required in terms of 
infrastructure and water conservation for 

meeting future possible development scenario 
as well as pointing towards what may be the 
natural constraints of the country. 

This approach would, as indicated earlier, 
result in an assessment of the water resources 
potential and future water demand culminating 
in a Master Plan for Water resources for the 
country, and identifying the gaps where a 
delay in project implementation would result 
in a poor distribution to the population. 

Having seen the example of water, it 
should be easy to switch to infrastructure 
generally. The time taken to assess 
requirements, conceive a project and actual 
implementation will require a timeframe in the 
neighbourhood of 20 years.  

Having switched to general infrastructure, 
do different infrastructure influence or impact 
each other? Unfortunately, too much so. 
Figure 4 shows that the different infrastructure 
along the different rows do have an impact on 
those infrastructure shown in the columns. 
Conversely, the relationship may be bilateral. 
But, there are cases where the infrastructure 
shown in the columns do not really influence 
those shown in the different rows. In short, 
things have started becoming complicated, and 
we are in the presence of a complex system !! 

Once these are understood, the plans may 
be re-formulated, in such a way that they are 
realistic. The present government will just 
have to ensure that it formulates plans for the 
next 5 to 10 years in line with the overall 
development proposed and accepted for the 
next 50-100 years.  
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Communic-
ation X   X  X   

Figure 4: Interaction between different infrastructure 

Figure 5 shows the planning approach that must be used. A 50-100 year planning can only be 
implemented by different plans spanning 10 years, 5 years or even 1 year. Thus, as explained earlier, 
the water requirements must be estimated for the next 50-100 years, on the basis of possible and 
potential development in the country. 

6. Action Plan for Safeguarding Infrastructure Availability 
The aim of development planning is to overcome the shortcomings of the market mechanism and 

to provide a blueprint for achieving the maximum rate of development possible. A development plan 
normally seeks to maximise the growth of the nation's GNP over time, with due attention being paid 
(especially in more recent years) to the serious unemployment and underemployment problems that 
the nation may face. 

A good development plan generally includes the following:  

(1)  a survey of the nation's current economic situation;  

(2)  an objective and systematic designation of realistic objectives or targets;  

(3) a realistic macro plan subdivided into a consistent multisectoral plan composed of well drawn 
up projects representing the most efficient utilisation of the nation's resources;  

(4)  the proper phasing of the plan in time and space;  

(5)  a public investment program, chiefly for infrastructures;  

(6)  policies to stimulate, direct, and influence private investment in the desired quantity and 
direction;  



InstItutIon of EngInEErs MaurItIus

15

(7)  a co-ordinated program to raise and channel sufficient resources, domestic and foreign, to 
finance the desired public and private investment programs;  

(8)  policies aimed at changing basic institutions, including labour training, land reform, trade 
policy, etc.; and  

(9)  a program to enlist the co-operation and support of the people of the nation. 

 

 

Figure 5: Establishing the time frame for infrastructure 
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6.1 The Plan Period 

Plans are made for three different time 
durations: the short, medium and long terms. 
The short term is the Annual Plan. The 
medium term ranges between three and seven 
years, with five years as the most popular 
choice. The long term ranges upwards from 
ten years to twenty years. There are several 
reasons why this could extend up to a hundred 
years. 

Development planning is a member of a 
larger family of plans. It is oriented to the 
general objective of developing the national 
economy. 

If planning is an instrument, it is not an 
ordinary instrument like the income tax or the 
health service. A plan is concerned with 
strategy, and specific policy acts are seen as 
defining the tactics which execute the strategy. 

Writing a plan involves looking at 
economic policy as a totality, at the 
interconnections between various policy 
instruments and the web of reactions they set 
up. In other words, preparing a plan can be 
viewed as a way of arriving at a set of 
decisions which is internally consistent and 
reinforcing. A plan is thus a super-instrument: 
it is policy seen as a whole. 

Nevertheless, a policy-by-policy or 
problem-by-problem approach to the neglect 
of viewing economic policies as a co-
ordinated whole may not give an efficient 
package of policies, viewed overall. For the 
individual instruments will not necessarily 
reinforce each other, nor will they add up to a 
consistent approach to economic issues. In fact 
it may be desirable to adopt some apparently 
inferior solutions to some particular problems 
in the interest of coherence and co-ordination 
among economic policies. A problem-by-
problem approach may also lead to a 
proliferation of many policy instruments 
which, taken together, are beyond the 
capability of the public service to handle. 

6.2 The Long Term Plan 

Plans are commitments, or should be, and 
thus they limit choice. They tend to reduce 
initiative in a range of alternatives beyond the 
plans. This should not be a serious limitation 
but should be noted. 

Multisectoral planning identifies the 
various sectors of the economy and analyses 
the interdependencies among them. There can 
be as many sectors as products produced. 
However, products are generally defined as 
broad categories, as for example machinery as 
a whole rather than by type of machinery, in 
order to keep the number of sectors and the 
analysis manageable. At the very least the 
following sectors are usually identified: 
agriculture, manufactured consumer goods, 
intermediate goods, investment goods, 
construction, transportation and 
communications, trade and other services. 

In a well-prepared comprehensive 
development plan, multisectoral planning 
represents the essential link between macro 
planning (the most aggregative form of 
planning) and project planning (the most 
disaggregative and detailed form of planning). 
Without multisectoral planning, it would be 
difficult or impossible to evaluate and 
compare objectively the relative merits of 
development projects in different sectors. 
Relating the development projects directly to 
the macro plan while omitting the intermediate 
stage of multisectoral planning would also not 
be very helpful. 

Multisectoral planning starts with estimates 
of the demand for final commodities (the 
objectives of the plan). These final demand 
estimates may be obtained from projecting 
historical trends or more precisely by using 
income elasticity figures. Next, all sectoral 
outputs to support these final demands are 
determined, making sure that they are 
consistent with one another. Sectoral 
investments and other input requirements are 
then determined for each year of the plan (the 
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constraints). Thus, in multisectoral planning, 
we need projections for the demand of final 
commodities, sectoral outputs, sectoral 
investments, other sectoral inputs, imports, 
and exports over the period of the plan. 
Finally, the government specifies the direct 
and indirect policy instruments that it intends 
to utilise to achieve the sectoral aims of the 
plan. 

Multisectoral planning is essential to ensure 
the consistency of intersectoral plans in the 
economy and to help determine the most 
productive use of the limited resources of the 
developing nation. The consistency of 
intersectoral flows can be tested with product 
and factor balances or more precisely with an 
input-output table. The efficiency of sectoral 
investments can be analysed with more 
complicated linear programming models. 
Linear programming is also a method for 
calculating the shadow prices which 
correspond to the equilibrium conditions and 
thus correctly reflect social costs. 

6.3 The Medium Term Plan 

One of the more important uses of planning 
is that it forces decision-makers to stop and 
think; to formulate long-range goals, and to 
bring immediate actions into line with longer 
perspectives. 

In the context of a medium term Plan, the 
general policy guidelines would be as follows: 

1. Determine policy regarding controllable 
variables. 

2. Use a good forecast as a basis for 
planning. 

1. Plan for appropriate units of capacity. 

4. Maintain as stable a work force as is 
practical. 

5. Maintain needed control over inventories. 

6.  Maintain flexibility to change. 

7. Respond to demand in a controlled 
manner. 

8. Evaluate planning on a regular basis. 

6.4 The Short Term Plan 

This Plan is not a substitute for the others. 
It is the controlling Plan, in the sense that this 
is the only document which, when passed by 
Parliament (normally in the form of an annual 
capital budget) authorises Ministers to spend 
money; a Five or Ten Year Plan is not an 
authorising document, but merely a statement 
of intentions. The Annual Plan is also the 
controlling Plan in the sense that it is this 
which year by year matches resources to 
possible achievements. It is governed by the 
medium or long term Plan, which sets its 
direction, but the Annual Plan is the operative 
document. 

6.5 Carrying out the Infrastructure 
Estimation Exercise 

Planning infrastructure for the long-term 
involves three components, namely: 

(1) having a vision of how we want the 
infrastructure to work in our future world 

(2) deciding what characteristics the 
infrastructure must have  

(3) estimating how our vision will affect the 
characteristics above, and determine 
demand, use and impact of the 
infrastructure 

Approaches to address these three 
components of long-term planning include  

(a)  forecasting 

(b)  foresighting with scenario planning and  

(c) visioning and backcasting.  

It is important to consider all life-cycle stages 
of the project, to assess the benefits, impacts, 
costs and hence viability of an infrastructure 
project on a 'whole-life' basis. 

Forecasting forms part of predictive 
modelling tools, which are developed and 
calibrated on the basis of objective science, 
and appear attractive as they can often appear 
to promise precise answers. The approach can 
be effective in circumstances where the 
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problem is relatively simple, and the answer is 
required only over the short term.  

Forecasting becomes less reliable over 
longer time horizons (greater than, say, 10 
years), and where systems are complex and 
subject to unpredictable perturbations (e.g. the 
structural integrity of tall buildings being 
intentionally struck by aircraft) and uncertain-
ties arising from incomplete knowledge, 
inherent unpredictability and multiple 
knowledge frames.  

A sensitivity analysis in the model 
forecasting, may help partly, but there are 
clear dangers in merely extrapolating forward 
while assuming that all other constraints and 
conditions remain the same as in the present. 
Thus forecasting is only useful where the rules 
connecting the present and future are not in 
doubt.  

The foresighting with scenario planning 
approach removes some of these limitations by 
seeking to address a number of different ways 
in which the future might happen. Trends in 
society, over time horizons ranging from 20 to 
80 years, are examined against a range of 
possible technological developments. This 
requires the development of a series of self-
consistent and recognisable scenarios, in 
which separate and distinct views of relevant 
possible futures are developed. 

Whereas forecasting uses analytical 
capabilities, scenarios require creativity and 
imagination. We cannot know what the future 
is but we can plan for different eventualities. 
Scenarios are used to challenge the strategy, to 
see how it performs in various possible future 
worlds.  

The backcasting technique tries to connect 
the future to the present by envisioning an 
acceptable future system state, which is then 
used as a reference for tracing pathways back 
to the present. With proper milestones along 
those pathways, short-term challenges can be 
identified and obstacles on the way can be 
overcome. 

The backcasting method has been 
advocated as a way of determining a route 
towards sustainability, by focussing on a 
development trajectory that avoids merely 
extrapolating forward from within present 
constraints.  

However, backcasting is precisely what we 
do when playing chess. Analysing from a long 
term perspective has a major advantage: if 
stakeholders are challenged to reason from a 
distant future, they are less likely to focus on 
their own direct interests. As an example, the 
pedestrianised area in Copenhagen has been 
extended from 15,000 square metres in 1962 
to 95,000 by 1995. This has not been the rather 
token exercise in traffic-free high streets and 
shopping centres seen in some other European 
towns and cities; bit by bit, the car has been 
taken out of the equation so that the two-
kilometre-long Streget now serves as the 
central artery for a whole network of 
pedestrianised blocks, with more than 100,000 
square metres set aside for walkers. 

Forecasting and scenario planning are more 
familiar techniques to many, but forecasting 
can be limited by using models calibrated 
against past and present circumstances, which 
do not deal well with likely complex future 
situations and require many assumptions, 
rendering predictions often simplistic, 
reductionist and even absurd. We have seen 
that infrastructure systems can interact to 
become very complex. While forecasting and 
scenario planning go from the present towards 
the future, backcasting comes in the other 
direction from the future back to present. 

Backcasting is well suited to problems: 

(1) such as infrastructure systems which may 
be complex. 

(2) where major changes, rather than marginal 
changes, are required. 

(3) where certain trends are dominant. 

(4) where externalities play an important part.  



InstItutIon of EngInEErs MaurItIus

19

(5) Where the long time frames involved 
enable choosing among different 
alternatives. 

The steps in a backcasting process involve 
analysing needs, identifying options for 
improvement, creating a common future vision 
with stakeholders, developing pathways that 
could lead to this vision and developing 
consensus on these pathways. Precisely, if we 
want to develop infrastructure to ensure 
sustainable development, rather than 
sustainable nuisance! 

7.  Conclusion 
The spirit of sustainable development 

requires that intergenerational equity be 
carefully addressed. Given the constraints of 
planning and the lifetimes of infrastructure 
facilities, it is necessary to daydream and think 
of the future possibilities.  

For more than 2 decades the Mauritian 
population have suffered from inadequate 
provision of infrastructure facilities in various 
sectors. It is important to decide what kind of 
future the population wishes to have – 
preferably with its active participation. 

A backcasting approach is probably 
preferable together with other methods. It is 
only by acting pro-actively now rather than 
reacting after the crisis that we can hope to 
achieve a sustainable development rather than 
a sustainable infrastructure nuisance!! 
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Abstract 
The world is changing. People are changing. 
The power sector needs to ride the wave of 
change. Indeed, the same traditional 
topological design and philosophy of the 
electricity grid are still being used to transmit 
bulk power from a generating plant and 
distribute it to the consumers. This has proven 
itself down the years but with the changing 
landscape of the energy sector, this passive 
network is destined to change. There are 
essentially new determinants in the equation: 
growing environmental concerns, advances in 
information technology and communication, 
the integration of distributed generations of 
different sizes and technologies on the 
network and also consumers developing into 
prosumers. Electricity, which was once used to 
light bulbs only, is now an intrinsic part of 
everybody’s life and consumers are becoming 
increasingly demanding regarding this 
commodity. As such, the utility has to deploy 
means to improve reliability, enhance quality 
of supply and lower service downtime while 
keeping cost under control. Intelligence, 
automation and sensors are being built in the 
different network components like meters or 
switches that enable two way communication 
to help in tele control, tele metering or prompt 
service restoration. Moreover, advances in 
material science and engineering has allowed 
for more efficient and reliable transformers or 
the development of new conductor types, 
which for instance are able to double the 
transit capacity while keeping the same 
supporting structures and fittings. In the very 
near future, energy storage equipment will 
become a reality and charging stations for 

electric cars will be common place. All these 
new players and technologies will be paving 
the way towards the concept of smart grid and 
the utility has to properly brace itself.  

1.0 Introduction 

Electric utilities around the globe are all at a 
cross-road with many factors to ponder and 
decide that would dictate their fate in the years 
to come. Issues range from the huge demand 
and lobbying to integrate increasing level of 
distributed generation; equipment nearing their 
end of useful life span and urgent need to have 
prompt information about the network 
healthiness (IEC 2015, p.3). On top of that, 
these utilities still have to cater for their 
traditional primary goal: meeting the demand 
requirement in real time with the constraints of 
ageing infrastructure, difficulty to setup new 
power houses and ever more demanding 
consumers.  

There are basically three major stakeholders in 
the Power Sector: the Government, the 
electricity utility (including the Independent 
Power Producers for the sake of this 
discussion) and the consumers. All of them 
will have a crucial role to play towards a 
modernisation of the power sector. This paper 
will be geared mostly at the new practices 
which can be used by the utility to move to the 
next era of power distribution but will briefly 
cover the changing role of the other two 
players in the industry as well. 

MODERNISATION OF THE POWER GRID
Ismael Adam ESSACKJEE, Senior Engineer

T&D Department, Central Electricity Board
ismael.essackjee@ceb.intnet.mu
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2.0 The Pivotal Role of the 
Government 

The Government is the driving force in the 
shaping of the energy landscape in the 
country. The Marshall Plan has been well 
documented in the Long-Term Energy 
Strategy 2009-2025 and the effective 
implementation of these aspirations would 
definitely render the sector buoyant. Some of 
the main contents are briefly discussed next. 

2.1 Enactment of the Energy Efficiency Act 

The Energy Efficiency Management Office 
(EEMO) is a critical player in the energy 
industry and is helping to create awareness 
with regards to energy efficiency and energy 
savings strategies. Recently, efforts have been 
focussed on Energy Auditing and training of 
certified energy auditors. These will start to 
reap positive outcomes in the near future. Such 
endeavours should be encouraged and 
maintained for sustained results. With energy 
management, everybody wins. Both the bill of 
the consumer and that of the utility decrease. 
Indeed, a unit of energy saved is greater than 
the energy produced as it saves not only on 
energy production but also on system losses. 
In other words, a “Negawatt” (a negative 
Megawatt) produced by energy efficiency, 
saves more than a Megawatt generated 
(Sciencenviro 2012, p.1). 

2.2 Setting up of Utility Regulatory 
Authority 

The Central Electricity Board is currently 
acting as the Regulator and the Utility which is 
not according to the best of practices. The 
Utility Regulation Act should be promulgated 
and an independent regulator should be setup 
to oversee and manage the different factors in 
the regulatory arena like the sensitive issue of 
tariff. 

2.3 Green Building 

From another perspective, the concept of green 
buildings is slowly gaining momentum. These 
buildings are designed to operate on energy 

supplied by the utility and energy derived from 
its own renewable energy sources. Besides, 
they should be conceptualised in such a way as 
to consume less energy through the use of 
natural light and ventilation methods as well as 
through the use of efficient cooling equipment 
(Sciencenviro 2012, p.1).  

2.4 Energy Saving 

The paradigm of energy management by the 
utility has since long shifted from solely 
Supply Side Management (SSM), involving 
generation capacity expansion, setting up of 
new power plants and upgrading of 
transmission and distribution system, to 
Demand Side Management (DSM). DSM is 
actually the practice of matching demand to 
the existing supply at the disposal of the 
utility. This can be achieved by demand 
reduction, filling valleys and cutting peaks as 
shown in Figure 1 (Powerwise 2016, p.1).  

Figure 1: Demand Side Management 
Techniques 

Peak Shaving techniques (using non-essential 
loads during off peak hours and implementing 
Time of Use (ToU) tariffing) concentrate on 
the means to decrease the load demand during 
peak periods and if successfully 
implementation, additional generation capacity 
can be differed.  

Energy Conservation and Efficiency methods, 
achieved by encouraging customers to use 
more energy-efficient devices, refer to the 
overall reduction in consumption by 
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consumers and result in a decrease in demand 
and energy consumption.  

Load Shifting is concerned with the shifting of 
loads from on-peak to off-peak periods. Even 
though the total energy consumption will be 
the same, the peak demand will be reduced. 

These methods will be referred to in the 
discussions that follow. 

3.0  From Customer to Prosumer 

The customer who has down the years been a 
passive player will have progressively an 
active role in the modernised system. The 
learnt consumer will be participating in 
different trading and tariff mechanisms (eg. 
ToU) via customer interface. For the 
consumers, there will have to be added ‘value’ 
that would encourage their participation. 
Smart solutions will have to be installed with 
the underlying infrastructure enabling two way 
communications. However, latest endeavours 
in the US in this direction have not been 
successful (Browning 2010, p.1). But, with 
time, distributed generation will be widespread 
and the then prosumers will have to have more 
engagement. The foundation works including 
education, however, start now. 

4.0 The Electricity Utility 

There are various challenges awaiting the 
utility from generation to distribution of 
power. For a stable and secured power system, 
the base load will still have to be supplied by 
generators with firm power while variable 
renewable energy sources will contribute to 
the energy mix. The setting up of new firm 
power generation plants has been the issue of 
open debate for the last decade and this paper 
will not venture on this subject.   

The utility company has as mission to provide 
for an affordable, safe, reliable, secured and 
quality power supply to its 460,000 customers 
round the clock. Behind such a statement, lie 
huge commitment, consistency and hard work. 
It is important to rate the current performance 
of the utility in terms of internationally 

accepted Key Performance Indices (KPIs)
based on main features of the utility’s day-to-
day operations, including technical, 
operational and financial (Tallapragada 2009, 
p.4). From there, there is need to know where 
the utility intends to position itself in the next 
decade or so. The difference will show the 
quantum of improvement in the different 
fields.  

The Mauritian power utility is faring well on 
the financial and technical KPIs. The utility is 
currently having a healthy financial position 
which is however highly dependent on the 
price of fossil fuels on the market.  

Transmission and distribution of electrical 
energy is achieved via current carrying 
components (conductors and cables) and 
equipment (power transformers). These give 
rise to three types of energy loss, inherent to 
the system (IEC 2007, p.2):  

 the Joule effect – loss of energy as heat in 
the current carrying conductor; 

 magnetic losses – energy required to 
setup the magnetic field; and 

 the dielectric effect - energy is absorbed 
in the insulating material. 

These losses can be minimised but cannot be 
eliminated completely. The World Bank 
reports that system losses should vary 
“optimally” between 7% and 10% in 
developed countries while Sub-Saharan 
African countries are afflicted with losses 
ranging from 30% to 50% (Tallapragada 2009, 
p.13). The Mauritian losses are currently under 
7%. Another KPI item is Household Access to 
electricity. The utility is acclaimed to have 
completed 100% electrification decades back. 
Nonetheless, the power sector is very dynamic 
and fast evolving such that the utility must 
keep pace with technological advances and 
best practices to keep the organisation running 
steady.  

Another set of KPIs onto which utilities can be 
benchmarked are the Interruption Indexes 
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(SAIFI, SAIDI, CAIFI or CAIDI). However, 
different utilities compute these indices 
differently such that no “optimal” values can 
be considered as reference but utilities use 
these indices to improve on their past 
performance. Reliability and security can be 
assessed on these indices and several 
proposals can be made to enhance reliability 
and security of supply which will reflect in a 
decrease in interruption duration and 
frequency. Power supply is interrupted mainly 
during a fault or during planned maintenance. 
Technology and emerging techniques have 
now made it possible to keep outage within 
check and reduce the actual downtime through 
Distribution Automation or Overhead Line 
Monitoring System. Overhead lines are prone 
to many disturbances from the environment 
and underground systems, which are becoming 
mainstream nowadays, may be contemplated.  

4.1 Distribution Automation  

The traditional electricity grid used to transmit 
power only. Deep in this information age, 
which has seen innovations in data, 
intelligence and system optimisation, things 
are changing. Sensors, information technology 
and communication have infused the power 
system resulting in numerous possibilities for 
data acquisition, control and optimizations 
(Zinaman et al 2015, p.4). 

Currently, the SCADA system is used to 
manage generation and transmission systems 
up to major substations. The idea is to have an 
enlarged holistic approach to encompass the 
distribution system as well using an Energy 
Management System (EMS) as shown in 
Figure 2. 

 

 

 

 

 

 

 

 

Figure 2: EMS to monitor and control the power system (Sivanagaraju and Sankar 2010, p.129) 

 

The DAC (Distribution Automation and Control) is actually the automation of the distribution 
substations, feeders and user functions and includes control, protection, monitoring of the distribution 
network as well as load management and remote metering (Sivanagaraju and Sankar 2010, p.129-
131). Distribution automation optimizes a utility’s operations and directly improves the reliability of 
its distribution power system. The widespread availability of optical communications has made 
distribution automation more realisable for many utilities. Consequently, the electric utility is now 
able to remotely monitor, coordinate and operate distribution equipment in real-time mode from the so 
called Distribution Control Center (DCC). With all sensors and field instrumentation installed, fault 
on a network can be isolated within seconds and the network reconfigured so that the least number of 
customers are affected by the event. The payback can be computed in terms of reduced customer 
complaints, minimal outage and more effective response of the team. 

EMS 
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4.2 Underground vs Overhead Networks 

Overhead power lines are very much vulnerable to faults arising from flying objects (branches, flying 
animals or debris) or extreme weather conditions (cyclones or thunderstorm). However, they remain 
the typical first choice network due to economic reasons. Yet, the intangible impacts of prolonged 
damage after a cyclone resulting in several days without electricity have a cost as well. People, as well 
as the economy, are totally dependent on this commodity which may start justifying the 
undergrounding of some transmission and distribution networks.  

There are various factors which have to be considered when planning for either overhead or 
underground systems as shown in Table 1. 

 

TABLE 1: COMPARISON BETWEEN OVERHEAD AND UNDERDROUND SYSTEM 

(Alonso and Greenwell 2013, p.1) 

 Overhead System Underground System 

Cost Reasonable Cost 
More costly 

5 times more for Distribution 
10 times more for Transmission 

Detection of 
Faults 

Faults easily detected and repaired 
(within hours) 

Fault detection and repair more time 
consuming (several hours) 

Maintenance 
Maintenance work is simple in nature 
but due to the amount of components, 

may be time consuming 

Maintenance not usually required 
except at terminations 

Public Safety 

With bare overhead lines, safety 
clearance should be respected. With 

insulated overhead lines, this 
clearance is less pronounced 

Overall a safer system 

Lightning Prone 
Interruption 

Highly vulnerable to lightning 
damages either from direct or indirect 

strokes 

Cable system may be protected from 
travelling waves originating from 

lightning strikes with the appropriate 
use of surge diverters 

Flying objects/ 
animals prone Highly vulnerable Not affected 

Land topology 
Designs possible even through 

difficult terrain, river crossing, valleys, 
etc 

Laying of cables across difficult 
terrain is very challenging and not 

always feasible 

Visual Impact Has some degree of visual impact 
(negative) No visual impact 

Flexibility 

Overhead system is more flexible. 
New connections, re-conductoring for 

network expansion are simple 
operations 

This flexibility is very reduced in 
underground system with the high 
cost for the civil work component 
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Consequently, there is no hard and fast rule or a unanimous decision of whether to go for underground 
or maintain the overhead network. A cost benefit analysis should be carried out, on a case to case 
basis, with a proper assessment of the degree that each of the above deciding factors will impact the 
life of people and the economy of the country; without undermining the financial position of the 
utility.  

4.3 Maintenance 

As soon as an equipment is installed and commissioned, it starts to degrade and maintenance becomes 
due within a certain amount of time so that the maximum useful life is achieved from this asset. 
Effectively, maintenance is part of Asset Management and vice-versa. Studies have reported that it is 
beneficial to rely on asset maintenance management decisions from processed, analysed and tested 
outage data (Adoghe et al 2013, p.1). Maintenance methods, as described in EN 13306:2010, are 
shown in Figure 3. 

 

Figure 3: Maintenance methods breakdown according to EN 13306:2010 

The most basic maintenance practice is 
Corrective Maintenance. It involves running 
the system until a fault or breakdown occurs 
and then carry out repair -Failure Based 
Maintenance (FBM). This reactive strategy is 
not usually effective in a utility environment 
since the downtime may be significant, the 
fault may be catastrophic in nature (explosion) 
and may permanently damage the equipment. 

On the other hand, Preventive Maintenance 
sees to it that the system is maintained at 
predetermined intervals or according 
to prescribed criteria, aimed at reducing the 
failure risk or performance degradation of the 

equipment. Maintenance cycles or 
programmes are thus planned - Time Based 
Maintenance (TBM).  

With advances in technology, Preventive 
Maintenance practices have evolved. For 
instance, maintenance are now planned only 
after tests, analysis or measurement are 
effected. This risk-based maintenance assesses 
the current health of the equipment so as to 
decide when maintenance is actually due. For 
instance, thermal imaging cameras (Figure 4) 
are the basic diagnostic tools now widely used 
for predicting failures because they “make the 
invisible visible”. A loose connection causing 
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overheating can be seen with thermal image. 
Therefore, specific and timed maintenance can 
be carried out.  

 

Figure 4: Thermal Image showing hot spots  

(Courtesy: 
http://www.powerlinesolutions.net/) 

Another step forward in preventive 
maintenance is to continuously assess the 
condition of the equipment through on-line 
sensors and automatic comparison with 
predefined values of performance. Condition-
based Maintenance is a fully predictive 
method which is based on the 
equipment performance monitoring and 
the control of the corrective actions that would 
be taken. Maintenance is carried out when 
certain indicators give the signalling that the 
equipment is deteriorating and the failure 
probability is increasing (prognostics). This 
strategy, in the long term, allows reducing 
drastically the costs associated with 
maintenance, thereby minimizing the 
occurrence of serious faults and optimizing the 
available economic resources management 
(Mehairjan 2016, p.7). 

4.4 Use of Unmanned Aerial Vehicles 
(UAVs) 

With traditional approaches to the routine 
periodic overhead line maintenance, power 
needs to be interrupted for the pole climber to 
visually assess the extent of wear on 
hardwares or line fittings. Lately, unmanned 
aerial vehicles, commonly known as drones, 
have provided a much better solution.  

Utilities are turning to drones for their line 
inspection and these flights offer significant 
benefits by enabling a safe, efficient and fast 
method of inspection. Drones can glide over 
inaccessible terrain, where it is hard or time 
consuming for utility workers to reach, and 
send back pictures showing the condition of 
power lines. They have enhanced mobility 
with the ability to take measurement at various 
angles with close-up to detect, amongst 
others corrosion, wear and breakage of 
electrical wires as well as it can identify 
vegetation growing too close to lines. Added 
functionality is the possibility of extending 
thermal imaging inspection as well (Malveiro 
et al 2015, p.1). 

Moreover, besides the basic line inspection, 
the same technique is being adopted for Light 
Detection and Ranging (LiDAR) surveys 
which speeds up the whole process in the 
construction of a new line. In August 2016, 
Sterlite Power, India's leading power 
transmission company, has partnered with 
Sharper Shape to proceed with drone 
inspections of its network (PennEnergy 2016, 
p.1).  

However, the UAVs should comply with the 
existing Civil Aviation Regulations of 2007 
and the drone operators should be well trained 
since they will be manoeuvring their 
equipment near to live line. There may also be 
restriction to line-of-sight flight only.  
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5.0 New Concepts in Power 
System 

There are also new concepts in the arena of 
Power Systems like FACTS, Energy Storage 
Systems, Smart Grid as well as new 
components like the ACCC with advances in 
Material Science. Some of these are in their 
embryonic stage and there is need for them to 
prove their efficacies.  

 

Figure 5: Use of Drone for on-line inspection  

 

5.1 FACTS (Flexible AC Transmission 
System) 

The IEEE defines FACTS as “alternating 
current transmission systems incorporating 
power-electronics based and other static 
controllers to enhance controllability and 
power transfer capability.”  

According to Siemens (2011, p.3), FACTS can 
be used to overcome certain limitations in the 
static and dynamic transmission capacity of 
electrical networks through the use of a 
collection of controllers in the network. The 
primary aim of the system is to supply the 
network instantaneously with inductive or 
capacitive reactive power that is adapted to 
this particular requirements. To this effect, 

transmission quality and efficiency are 
improved. 

Consequently, FACTS may offer the utility the 
possibility of utilizing their existing 
transmission networks efficiently through 
substantially increasing the availability and 
reliability of their line networks, and 
improving both dynamic and transient network 
stability while ensuring a better quality of 
supply (electrical4u, p.1), with minimal 
investment in infrastructure.  

5.2 Energy Storage Systems 

The Long Term Energy Strategy of the 
Government targets 35% self-sufficiency in 
terms of electricity supply through use of 
renewable sources of energy by 2025. While 
currently the highest contribution in the 
renewable energy mix comes from Bagasse 
and Hydro power, there would not be any 
major increase in these two generating sources 
of electricity. Additional renewable energy 
sources will be mainly PV and Wind Power 
which are however inherently variable in their 
output. The case for and against high 
penetration level of these intermittent 
renewable energy sources has been presented 
(Essackjee and Ah King 2015). Many of the 
challenges of the new network configuration 
in terms of power flow, as well as some 
Demand Side Management issues described 
earlier may be addressed with the installation 
of Electrical Energy Storage (EES). Figure 6 
shows the main classification of the 
technologies related to ESS. 
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Figure 6: Classification of Electrical Energy Storage Technologies (Luo et al 2015, p.514) 

ESS stores energy is a certain state depending on which technology is being used and this potential 
energy is converted to electrical energy when the need arises. The system has several value 
propositions for the optimum operation of the network in that it can assist during peaking demands, 
manage energy changes or make up for the variable nature of some renewable energy sources. 
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5.3 Electric Vehicles (EVs) 

 

Figure 7: Electric Cars at Charging Station 

 

Electric vehicles are a reality. However, there 
are mixed feelings as to this reality. Mauritius 
has been at the forefront of this technological 
advancement as in February 2012, we were the 
very first country from the Southern 
hemisphere to have the new Green Leaf 
vehicles from Nissan delivered (Munisamy 
2012, p.1). The car did not get the green light 
of the Government for the commercialisation 
at that time since the electric power to charge 
the vehicle was ultimately obtained from fossil 
fuels. The Government’s position has now 
changed and in the latest budget, electric cars 
of up to 180 KW (BOI 2016, p.34) will be 
exempted from duty. 

With incentives to encourage people to switch 
to electric cars, the power utility must study 
the incidence that this additional power 
requirement will have in terms of generation 
and network planning as well as reliability and 
stability of the system. In the UK, the gradual 
adoption of Electric Vehicles is expected to 
increase the energy demand by 16% in the 
short term (Daemi 2015, p.1). Moreover, 
another study has demonstrated that the 
integration of EV fast charging stations may 
considerably reduce the steady state voltage 
stability of the power grid (Dharmakeerthi et 
al 2014, p.1). A proper framework must be put 
in place to regulate this prospective sector.  

 

Nonetheless, besides the challenges brought 
about by the large-scale integration of these 
EVs, there are also innovative possibilities for 
the utility. With the vehicle-to-grid capability, 
the energy storage system of the EVs can 
serve as distributed storage resources or assist 
in demand management during peak periods 
(Clean Energy Ministerial 2014, p.1). 
Research has demonstrated that EVs are 
operational only for a few hours a day and 
during their idle time, their batteries may be 
connected to the grid to either charge or power 
the grid. Stakeholders and policy makers 
should be looking at these possibilities and 
come up with a proper framework to reap the 
maximum benefits of such technology. Tovey 
(2016, p.1) reports that Nissan is currently 
collaborating with the UK power utility in a 
pilot programme whereby the Nissan Leaf 
EVs are to be plugged into the power network 
and the energy from the batteries used to feed 
the power system. Motorists will be having 
incentives to re-charge their cars during off-
peak periods at much lower costs.  

5.4 Thinking Smart Grid 

All these new additions to the power system 
heralds the era of Smart Grid. Stakeholders in 
the energy sector worldwide share a common 
perspective that the traditional grid, whose 
philosophy and topology have not changed, 
must be revamped by more efficient, flexible 
and intelligent energy-distribution networks, 
called smart grid. The smart grid, shown in 
Figure 8, is to be digitally monitored, self-
healing energy systems that will deliver 
electricity from generation sources, including 
distributed renewable sources, to the enabled 
consumers. Power delivery will be optimized 
with communication facilities across the grid 
to enable the customer to participate in energy 
management, minimizing power disruptions 
and transporting only the required amount of 
power. The outcome will be lower cost to the 
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utility and the customer, more reliable power 
and reduced carbon emissions. 

 

 

Figure 8: Components of the Smart Grid 
(Vette Copr 2010, p.1) 

5.5 Advancement in Material Science  

Besides progress in technologies and artificial 
intelligence, advances in material science will 
also be contributing to enhanced power 
networks capabilities. Composite insulators 
have replaced porcelain ones offering better 
performance and making installation much 
easier. Modern materials used for the core of 
the transformer is decreasing the no-load 
losses; thus reducing the system losses. In 
terms of conductors, the revolutionary ACCC 
conductor is contributing to saving of up to 
400 Metric tons of CO2 per kilometre per year 
with 400 projects implemented for about 150 
utilities around the globe according to CTC 
Global (2016, p.1). 

The ACCC (Aluminium Conductor Composite 
Core) has been so designed that it can achieve 
high capacity due to the compact trapezoidal 
shaped strands. There is substantial reduction 
in sag as compared to any other commercially 
available conductor. The coefficient of thermal 
expansion of this conductor is relatively very 
low and it has a composite core which gives it 
the required mechanical strength (Figure 9). In 
short, the ACCC can basically double the 
transit capacity of an existing overhead line 
(depending on the existing conductor type) 
without the need to replace the supports and 
using the same corridor.  

 

Figure 9: The ACCC conductor with the 
Composite Core 

6.0 ‘Made in Maurice’ 

Most of the materials used by the utility in the 
construction of power lines are imported 
except for some Low Voltage cables. 
However, there is the prospect of having a 
small industry that could initially supply the 
Mauritian market and then why not export to 
African countries. For instance, the utility has 
been using wooden poles for ages. These are 
often damaged in service due to the humidity 
in the soil, termites attack and ageing. 
Concrete poles are relatively more expensive 
and most often labelled as an eye sore due to 
their visual impact.  

Many utilities worldwide are now opting for 
composite poles and crossarms (made from 
fiber-reinforced polymer -FRP) for 
distribution as well as transmission networks. 
Composite structures are lighter, stronger, 
more durable and readily installed. Besides 
these structural features, the composite poles 
are not vulnerable to pest attack, corrosion, 
humidity and are appropriate even for unguyed 
angle and deadend structures. Some of these 
poles have passed the test of time and 
endurance with poles having almost 50 years 
of service in Hawaii (Utility Products 2015, 
p.1).  
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7.0 Conclusion 
Electricity is an intrinsic part of life and may 
be regarded as a basic necessity nowadays. 
The electricity utility has many challenges 
lying ahead and embracing the industry’s best 
practices, which are proven, may provide a 
means of turning these challenges into 
opportunities. Mauritius being an insular 
island, strong partnerships must be forged with 
other utilities so that approaches may be 
adopted to our system. Each of the 
stakeholders must engage in the momentum of 
change with energy management and 
efficiency being key factors. We are mid-way 

in time towards achieving the targets set in the 
Long Term Energy Strategy of the 
Government and it is high time to re-energise 
the energy sector.  

The utility is currently well poised with sound 
financial and technical standing. However, to 
maintain this level or improve, novel methods 
employing new technologies, artificial 
intelligence or improved materials should be 
used. These must be built on a concrete and 
reliable IT and communication infrastructure; 
that will slowly pave the way towards 
achieving the status of a smart grid for the 
smart island. 
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1. Introduction 
With the rapidly increasing population, 

urbanization, industrialization and economic 
growth, especially in developing and transition 
economy countries, management of solid 
waste is becoming one of the significant 
planning challenges faced by these countries 
in the twenty first century.  

The strategic plan for managing solid waste 
in any country typically includes collection, 
transport, processing/treatment and final 
disposal, together with monitoring and 
regulation. In Mauritius, mixed wastes are 
collected by 12 Local Authorities 
(Municipalities and District Councils) which 
are then hauled to the nearest transfer station; 
where the wastes are compacted and then 
transported to the sole landfill in Mauritius - 
the Mare Chicose landfill, for final disposal. 
Thus, there is no real treatment of solid waste 
prior final disposal. 

Conversely, previous studies (Mohee 2002; 
COI 2009; Surroop 2010; Foolmaun et al. 
2011) have revealed that waste in Mauritius 
has a high potential for composting, given that 
above 60% of the waste is 
organic/decomposable. Likewise, the 
remaining inorganic fractions consisting 
mainly of plastic, paper, glass, metals and 
textiles, can be recycled. However, recycling 
in Mauritius is still in its infancy stage, with a 
mere 7% waste diversion rate from the landfill 
and initiatives coming only from a few private 
recyclers. A composting facility, namely Solid 
Waste Recycling Ltd, was set up under the 
Public Private Partnership in October 2011 for 

a contract period of 20 years with the 
Government of Mauritius. However, the 
composting plant is not being able to operate 
to full capacity due to the high level of cross 
contamination of the organic waste fractions 
with inorganic fractions; leading to above 40% 
process residues/rejects that have to be 
landfilled. 

On the other hand, trend of waste inputs at 
the Mare Chicose landfill from 2002-2015 
shows that waste generation in Mauritius is 
increasing at a rate of 1.6% per annum, such 
that it is estimated that the landfill will be 
saturated by end of 2018. Driven in particular 
by the scarcity of an appropriate site to 
develop a new landfill, and in view of 
promoting a sustainable waste management 
system, an integrated solid waste management 
(ISWM) strategy is being proposed. 

The ISWM is based on the waste 
management hierarchy which strongly 
advocates waste prevention, the 3Rs- Reduce, 
Reuse and Recycle, and often adding a fourth 
‘R’ for Recovery e.g. through biological 
processes like composting. Hence, an 
interactive strategy based on source 
separation, followed by composting and 
recycling at the macro level is being proposed 
to move away from the traditional 'Waste 
Management' to the 21st century sustainable 
'Resource Management'. 

Source separation is considered as a 
fundamental pre-requisite to improve the 
efficiency of national composting and 
recycling programmes through the production 
of cleaner, improved quality waste 
components. Whilst source separation is being 
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successfully implemented in developed 
countries like Switzerland, Sweden, UK, 
South Korea, and Japan, it remains one of the 
biggest challenges for implementing 
sustainable waste management programmes in 
developing countries.  

Implementation of source separation in 
Mauritius has been recommended by many 
researchers and consultants, however, the 
project has never been supported.  A few 
initiatives only are being taken by NGOs. For 
example, Mission Verte is committed to the 
collection of separated recyclables in specific 
drop-off centres (e.g at Winners Curepipe). 
However, the NGO lacks funds and  
government support to sustain this engagement 
towards recycling.  

For source separation to materialize at the 
local level, it is essential to understand what 
factors influence individual behavior patterns. 
Only by knowing what drives people to 
participate in separation of waste at source and 
whether they are ready to cooperate or not, can 
we find conditions and interventions that 
effectively maximize cooperation for the 
implementation of waste separation 

programmes. Given the paucity of such studies 
in Mauritius, this research is being undertaken 
with the following aim and objectives: 

This paper aims to identify the critical 
success factors in implementing source 
separation of household solid waste  in 
Mauritius. 

2. Overview of municipal 
solid waste (MSW) 
Management in Mauritius 

In Mauritius, the Solid Waste Management 
Division (SWMD), under the aegis of the 
Ministry of Environment, Sustainable 
Development, and Disaster and Beach 
Management (MoESDDBM), is responsible 
for the proper management of solid and 
hazardous wastes.  

A complete picture of solid waste 
management in Mauritius and the current 
problem being faced by the SWMD is given 
below. 

Mauritius island is one of the most thriving 
developing country in Africa, with socio-
demographic details as summarised in Table 1.  

Table 1: Pertinent socio-demographic details of Mauritius 
Population 1,220,530 people as at 31 December 2015  

                                               (Statistics Mauritius 2015) 
Gross Domestic Product (GDP) per capita 9134.82 US dollars in 2015   (Trading Economics 2016) 
Classification of country by Income Upper Middle Income (UMI) country  

                                                           (World Bank 2012) 
Classification of population by gender  48.9 % Male and 51.1% Female  

                                               (Statistics Mauritius 2012) 
Classification of population by age Under 5 years: 5.4%              (Statistics Mauritius 2012) 

5-14 years: 14.8% 
15-59 years: 66.2% 
Above 60 years: 13.6 % 

Classification of population by activity 
status 

Student: 9.1%       
Economically active: 57.6 % 
Others: 33.3 %                       (Statistics Mauritius 2012) 

Classification of population by marital 
status 

Married: 47%                         (Statistics Mauritius 2012) 
Single: 43.2% 
Divorced/separated/widowed: 9.8% 

Average monthly household income Average: Rs 29,360 as per Household Budget Survey 2012               
95% Confidence Interval for average monthly income: 
Lower Limit: Rs 28,670 
Upper Limit:  Rs 30,040                  (Statistics Mauritius 2012) 

Number of housing units 344,700 as per 2011 Housing Census  
Average household size 3.5 persons as at 2012            (Statistics Mauritius 2012) 
Number of poor households 33,800 as at 2012                   (Statistics Mauritius 2012) 
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2.1 Waste  generation  

According to the Solid Waste Management Division (SWMD), Mauritius currently generates 
about 480,000 tonnes of solid waste annually, out of which about 450,000 tonnes are landfilled 
(mostly domestic wastes) at the sole landfill in the island, namely the Mare Chicose Sanitary Landfill; 
whilst the remaining 30,000 tonnes are composted or recycled.   

The trend of annual waste inputs from 2005 to 2015 indicates a daily per capita waste landfilled of 
about 1 kg as at 2015, which is comparable to the waste generation rate in other developed/developing 
countries or cities such as Thailand and Beijing (UNEP 2005). In general, developing countries and 
rural areas generate less waste than developed countries and urban areas. For instance, a study carried 
out by Mohee (2002) showed that the waste generation rate within the urban residential area of Vieux 
Quatre Bornes, Mauritius, can reach up to 1.3 kg/capita per day. 

 
Figure 1: Population growth in Mauritius from 1944-2015 

 (Adapted from Statistics Mauritius 2016) 

 
 Figure 2: Relationship between economic growth and waste generation growth in Mauritius 

(SWMD) 
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The trend of waste landfilled also indicates an average waste generation growth rate of about 1.8% 
per annum. This long term rate of increase can be justified by the population growth (See Figure 1) 
and an increased status of living (See Figure 2). In general, waste generation rate is proportional to the 
level of economic activity in a country (Tchobanoglous and Kreith 2002).  

 
2.2 Waste composition  

Waste Characterisation Studies (WACS) undertaken at different time intervals, in different areas of 
Mauritius, and by different stakeholders, reveal that the composition of its municipal solid waste 
(MSW) is largely organic in nature, with food and yard wastes representing over 60% of the wastes 
(See Table 2).  

 
This phenomenon is typical in developing countries and rural areas (Foolmaun 2011; Al Seadi et 

al. 2013). Mohee (2002) also demonstrated that the mixed MSW in Mauritius is characterised by a 
high moisture content, which can be justified by the tropical wet climate and the largely adopted 
practice of storing garbage in uncovered containers. Furthermore, the study revealed that the waste 
has a low calorific value (heating value), comparable to bagasse and peat. All of these aspects must be 
considered when choosing a suitable waste management strategy for a particular country or city 
(UNEP 2005; ADB 2013). 

 

Table 2: Results of Waste Characterization Studies in Mauritius 

Wastes Composition Year 2000 
(Fitchner) 

Year 2002 
(Mohee) 

Year 2009 
(Gamma 

Civic) 

Year 2015 
(UoM/SWMD) Average 

Food 49 % 25 % 45 % 27 % 36.5 % 

Yard 2 % 43 % 25 % 27 % 24.3 % 

Organic/Biodegradable  
(Food + Yard) 51 % 68 % 70 % 54 % 60.8 % 

Paper 14 % 12 % 10 % 15 % 12.8 % 

Plastic 8 % 13 % 9 % 14 % 11 % 

Textile 3 % 3 % 4 % 5 % 15 % 

Glass 3 % 1 % 3 % 3 % 2.5 % 

Metal 4 % 1 % 2 % 3 % 2 % 

Miscellaneous 17 % 2 % 2 % 6 % 2.3 % 

 

2.3  Waste handling and storage 

This step involves the activities involved in managing wastes from their source until they are 
temporarily stored in containers, ready for collection (Tchobanoglous and Kreith 2002). In Mauritius, 
a plastic bin is allocated free of charge to new households upon request, for disposal of mixed solid 
wastes. However, for convenience and better hygiene at home, many Mauritians devise their own 
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Figure 5: Waste disposal sites in Mauritius (SWMD) 

Presently, the MSW collection rate in Mauritius is about 98%, which is much higher as compared 
to other developing countries, like Malaysia, which has a collection rate of only about 80% (Mohee 
and Simelane 2015, p.15). This also entails high management costs to government. It is estimated that 
Government spends around MUR 1 billion annually on solid waste management. The LAs altogether 
spend around MUR 700 million annually only in waste collection services. Hence, optimising the 
collection process offers greater chances for reducing solid waste management costs in Mauritius.  

Some major factors which have a substantial bearing on the cost of collection are the: 

 Collection method; 
 Vehicle type and capacity; 
 Personnel; 
 Frequency of collection; and 
 Hauling distances to disposal sites. 
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Table 3: Transfer stations of Mauritius (MoESDDBM 2015) 

Transfer 
Stations 

Starting 
Year of 

Operation 

Design 
Capacity/tons/day 

Average 
quantity 

transferred/ton
s per month 

Catchment Area 

La Brasserie 1991 150 to 300 6552 Curepipe, Vacoas, 
Phoenix, Part of Beau 
Bassin and Rose Hill 

Roche Bois 1992 300 to 400 6,308 Port-Louis and part of the 
Northern Region (Ste 
Croix, Roche Bois, and 
Baie du Tombeau). 

Poudre D'Or 2000 150 to 180 4,426 Districts of 
Pamplemousses and 
Rivière Du Rempart 
excluding Terre Rouge and 
Long Mountain Village 
Councils Areas 

La Laura 2005 100 to 150 3,276 District of Moka Flacq 

La 
Chaumière 

2011 350 to 450 10,000 Beau Bassin, Rose 
Hill,Quatre Bornes, District 
of Black River, Pointe aux 
Sables,La Tour Koenig, 
Grand River North West 
and Coromandel.  

 
Note: Wastes collected from the Grand-Port and Savanne District Councils do not transit any 

transfer station but are disposed directly at the landfill.  

2.4.1 Collection method 

The collection methods (Jokhoo 2010; MLG 2015) in force in Mauritius are summarised in Figure 6 . 

2.4.2 Vehicle type and capacity 

A summary of the vehicles dedicated for refuse collection in Mauritius is summarised in Table 4. 

2.4.3 Personnel 

The personnel assigned to a vehicle typically consist of a driver, and other crew members who are 
responsible for collecting waste containers and loading them into the vehicle. In Mauritius, 
the crew size usually varies between two and nine, owing to the complex collection system 
(Mohee and Simelane 2015, p.46) e.g. due to non-standardised waste containers, door-to-door 
collection, etc. 
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Figure 6: Collection methods used in Mauritius

Kerbside/alley collection 
 waste generator takes out the waste container to a 

convenient place at the kerbside on collection days 
and later retrieves it. 
 

 Used by all LAs except Municipality of 
Vacoas/Phoenix 

   
Set out set back/door-to-door collection 

 A first crew enters the premises to collect waste 
receptacle which is carried by them to the 
roadside. Another crew take the wastes receptacle 
and empties it in the waste carrier. The empty 
waste receptacle is then returned to the owner.  
 

 Waste generator is least involved in the collection 
process but is time-consuming and is generally not 
encouraged.

 Used only by Municipality of Vacoas/Phoenix 

Drop-off centres 
 Waste generators bring their waste (usually 

separated recyclables) directly to a specific 
collection point. 
 

 Sparsely being implemented e.g. at Winners 
supermarket at Curepipe, which is an initiative of 
the Non-Governmental Organisation (NGO) 
'Mission Verte' (ExpatMauritius.com 2014). 
 

 A complete list such drop-off centres is available, 
on request.  

Collection methods 
used in Mauritius 
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2.4.4 Frequency of collection 

In general, the frequency of collection 
depends on factors such as the quantities 
and characteristics of the wastes, climate, 
type of storage; and degree of involvement 
by (ADB 2013). In Mauritius, 
programmes/time tables have been 
established for the refuse collection in the 
different areas falling under the jurisdiction 
of each LAs. Normally, the collection is 
carried out at least once per week in rural 
areas, but in urban areas, such as in Port-
Louis, up to a thrice weekly service is 
offered. In addition, special scavenging 
services are provided to the public upon 
request, such as during religious activities, 
weddings and cyclones (DCP 2013; MLG 
2015). 

2.4.5 Hauling distances  

The collection process includes four 
major steps namely; travelling from the 
depot to the collection area, collecting 
waste from waste generators, hauling the 
waste to the nearby transfer station or 
processing facility and travelling back to 
collection area or to the depot (Gukhool 
2013 cited in Jokhoo 2010).  

Prior to transporting wastes to Mare 
Chicose Landfill, the wastes are 
temporarily stored at the transfer station, 
where they are compacted to reduce their 
volume, thereby increasing the transport 
efficiency (Foolmaun et al. 2011). By 
consolidating smaller loads from collection 
vehicles into larger transfer vehicles (e.g. 
trailers), hauling costs are reduced since 
collection crews do not have to spend time 
travelling to and from the landfill and 
therefore dedicate more time to collecting 
waste. This also reduces fuel consumption, 
collection vehicle maintenance, traffic jam, 
road wear and air pollution (Surroop 2010). 

2.5 Processing/Treatment 

This stage involves all transformation 
processes used to reduce the volume and 
mass of waste to be disposed of, and most 
of the time, to also recover conversion 
products and energy (Tchobanoglous and 
Kreith 2002). The selection of the MSW 

transformation strategy (Al Seadi et al. 
2013) depends on the following: 

 Government policies, objectives and 
targets; 

 Local conditions; 

 Nature and suitability of the wastes; and 

 Feasibility (technical, financial, 
economical, etc.) of the technology. 

Presently in Mauritius, the transformation 
processes in practice are: 

 Compaction of MSW at the five transfer 
stations; 

 Composting at a compost plant, as 
indicated on Figure 5; and   

 Recycling only by private registered 
contractors for the recycling of plastics, 
carton, electric and electronic waste, glass, 
paper, photographic and printing wastes, 
textile wastes, used batteries, waste oil, 
used tyres and timber/wood. 

According to the records from the 
SWMD, the waste diversion rate from the 
Mare Chicose landfill to the private 
recycling facilities and compost plant is 
only about 7% per annum. This is mainly 
due to the lack of national plan on recycling 
wastes, infrastructure and 
support/incentives to recyclers. 

 

2.5.1 Composting Facility (SWRL) at La 
Chaumière 

As shown on Figure 5, there is a 
compost plant, namely Solid Waste 
Recycling Ltd (SWRL), operating near the 
La Chaumière transfer station. The SWRL 
was set up under the Public Private 
Partnership (PPP) in October 2011. The 
Government of Mauritius (GOM) has a 
contract with SWRL for the supply of 300 
tonnes of wastes daily for a contract 
duration of 20 years.   

However, the compost plant is not being 
able to operate to full capacity. For 
instance, the average daily waste intake at 
the SWRL for in 2014 was only about 184 
tonnes. This arises mainly due to 
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inefficiencies because mixed wastes 
received at the SWRL are highly 
contaminated and need to be separated 
(semi-automated process) into recyclables 
and organic components. The amount of 
compost produced at the SWRL in the years 
2012-2013 was about only 5725 tonnes. 
The compost, which is used as a soil 
improver or plant fertiliser, is sold locally 
and also exported. 

After the composting process, residual 
wastes, representing above 40% of the 
incoming wastes, are transported to La 
Chaumière transfer station at government's 
cost and then to Mare Chicose landfill for 
final disposal. Despite the high level of 
reject, it is estimated that some 30,000 
tonnes of wastes per annum are diverted 
from the Mare Chicose landfill, thereby 
extending the lifespan of the landfill 
(Jokhoo 2010; SWRL n.d.) 

2.6.2  Final Disposal 

The final destination of solid wastes is at the Mare Chicose landfill, which is an engineered 
landfill. Pertinent details of the Mare Chicose landfill is summarised in Table 5. 

Table 5: Salient features of the Mare Chicose Landfill (SWMD) 

Location Mare Chicose, Grand Port District 

Date since operation started November 2007 

Land ownership Compagnie de Beau Vallon Ltée 

Rental rate Rs 95,000 per ha 

Capacity of landfill site About 40 ha  

Remaining space for landfilling (July 2016) About 5 ha  

Average daily tonnage of wastes landfilled (2015) 1200 tonnes 

Annual tonnage of wastes landfilled (2015) 450,000 tonnes  (about 3 ha of land 
consumed in landfilling per year) 

Approximate waste generation growth per annum 1.8%  

Approximate remaining lifespan of landfill 3 years (saturation by end of 2018) 

Approximate cost of landfilling (inclusive of capital 
costs, operation and maintenance costs of 
landfilling, waste collection and management costs 
of transfer stations.  

Rs 2200 per tonne 

 

It is estimated that the landfill will reach saturation by end of 2018, with a low chance of 
extension due to unwillingness of the landowner to provide further land to Government. Hence, 
it is imperative to identify a new landfill site. Despite numerous attempts undertaken by the 
SWMD since 2014 to urge the Ministry of Housing and Lands to speed up matters, no site for a 
new landfill has been officially identified (Kowlesser 2015). 

In reality, bad infrastructural planning in the past, coupled with the present development 
sprawl makes land scarce in Mauritius. Consequently, whenever a location for a critical yet 
unwanted facility, such as a landfill or a wastewater plant is being investigated, it is 
"discovered" that there is no suitable land in Mauritius which is further than 1 km from any 
residence (Proag 2010). 

Indeed, residents living near a potential landfill site are likely to become NIMBYs ("Not In 
My Back Yard"). NIMBY is in fact the pejorative characterization of opposition by residents 
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who believe that the new developments are needed but should be further away their 
neighbourhood. Similarly, politicians often express NIMET ("Not-in-my-election-term") or 
NIMTOO ("Not-in-my-term-of-office") attitudes in the process of identifying a new landfill 
site. All these often result in the new landfill project being thwarted (Carl Bro International 
2005; Segawa 2015). 

However, one way of making NIMBY or NIMET/NIMTOO less pronounced is by reducing 
the size of the disposal facility (Segawa 2015). In the case of a new landfill, the design capacity 
will have to be reduced drastically. Hence, maximum wastes will have to be diverted from 
landfills for treatment/processing upstream, such that minimal wastes will need to be landfilled 
(ADB 2013).  

 

3. The way forward 
Driven by the scarcity of an appropriate site to develop a new landfill, and in view of 

promoting a sustainable waste management system, it is deemed necessary to develop an 
Integrated Solid Waste Management (ISWM) system (UNEP and ISWA 2015). 

The goal is to promote a sustainable waste management system through a radical change in 
mindset and a shift from the 20th century 'Waste Management' to the 21st century 'Resource 
Management'. The question (Carpintero 2015) that planners should ask themselves should 
change from the fundamental 

"How do we get rid of our waste efficiently with minimum damage to public health and the 
environment?"   

to the more appropriate 

"How do we handle our discarded resources in ways which do not deprive future 
generations of some, if not all, of their value?" 

When considering the range of solid waste processing/treatment/disposal technologies, the 
possibilities for devising an ISWM system seem endless. However, based on the desk study, it 
appears clearly that the strategic key for sustainable management of waste in Mauritius resides 
firstly in the treatment of the high fraction of organic waste which represents more than 60% of 
the total.  

The winning strategy will be an ISWM based on source separation of solid waste, followed 
by separate collection, composting and recycling at the macro level (Mohee 2002; COI 2009; 
Surroop 2010; Foolmaun et al. 2011). In fact, this strategy was recommended as early as 1994 
in the study carried out by the Consultants Scott Wilson and Kirkpatrick and is the only option 
which can concurrently provide the benefits listed in Figure 7. 
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Figure 7: Benefits of implementing source-separation of solid wastes 

 

3.1  Data Collection 

Since the proposed household solid waste source separation programme is a national project, the 
target population was the whole of Mauritius, which was 1,220,530 people as at 31 December 2015 
(Statistics Mauritius 2015). 

3.2 Sampling 

For the purpose of this research, it was not feasible to survey the whole population of Mauritius 
due to limited time and resources. Hence, a representative sample (n = 384) of the target population 
had to be taken. 

This section discusses the findings of the research with respect to the objectives set and the main 
observations from the survey questionnaire.  

3.3  Reliability of survey results 

The demographic characteristics of the sample were compared with data from Statistics Mauritius 
and were found to be consistent in terms of gender, average household size and monthly income. 
Moreover, the answers indicate good levels of coherence.  
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Table 6: Results pertaining to awareness status of people 

Main conclusions from survey to determine the awareness status of people on source 
separation of solid waste 

1 About 85% had heard of the concept of source separation of solid wastes before. 

2 The respondents were in general conscious of and agreeable with the given 
consequences of poor waste management, but did not feel that the problem affects them 
directly.  

3 Although the respondents were in general aware of and agreeable with the potential 
benefits of implementing source separation of solid waste, they were least convinced that 
the source separation programme could bring about economic benefits to Mauritius e.g. 
through the creation of green jobs and sales of recyclables. This is a major awareness 
gap which must be overcome to ensure maximum participation. 

4 The 85% respondents who claimed to be aware of the concept of source separation 
obtained information on the subject via a number of media; the 3 most popular ones 
being: 
(i) Internet ; 

(ii) Television; and 

(iii) Newspaper/magazines/leaflets respectively. 

Hence, it can reasonably be deduced that most people have access to and also 
spend quite a lot of their time on these media. Therefore, awareness campaigns should 
exploit the 3 above-mentioned media to sensitise people. 

5 15% of those surveyed were completely unaware of the concept of waste segregation. 
If this percentage were to be extrapolated to the whole population of Mauritius, it would 
represent about 183,000 people. 

For a country like Mauritius, which is one of the most thriving economies in Africa, it is 
surprising that so many people are still unaware of the concept of source separation of 
solid wastes; despite initiatives taken locally such as the setting up of recycling centres 
(different bins to collect recyclables separately) in different locations of the island by the 
NGO Mission Verte. 

6 Statistical analysis based on a chi-square test revealed that at a confidence level of 
95%, there is sufficient evidence to conclude that the intention to source-separate wastes 
is dependent on the person's awareness status of the concept of source-separation of 
solid wastes. 

7 Considering the above facts, it might be worthwhile for Government to allocate more 
resources in implementing awareness campaigns in order to sensitise the large 
proportion of uninformed population and bridge information gaps. Moreover, such 
campaigns should definitely be promoted via the internet, television and 
newspaper/magazines/leaflets. 
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Table 7: Results pertaining to potential public participation rate 

Main conclusions from survey to determine the potential public participation rate in the 
source separation programme 

1 The participation rate can be assumed to be at a minimum of 74% and attempts 
should be made to positively influence the rest of the 26%. 

2  10 such parameters were investigated during the survey and then tested statistically 
based on chi-square tests. The results are as follows: 

(a) Dependence on 3 socio-demographic factors 
At a confidence level of 95%, there is sufficient evidence to conclude that the intention 

to source-separate wastes is dependent on the person's  

1) Type of dwelling 
2) Educational level 
3) Occupation  

To maximise participation, assistance should be provided to poor households, be it in 
terms of proper education or financial support. 

(b) Independence on 7 socio-demographic factors 
At a confidence level of 95%, there is sufficient evidence to conclude that the intention 

to source-separate wastes is independent on the person's  

4) Gender 
5) Age group 
6) Relationship status 
7) Classification of place of residence 
8) Familiarity with the locality (number of years living in locality) 
9) Family type 
10) Household size 

3 Source-separation of household wastes is already being implemented informally, 
whether intentionally or unconsciously. For instance, about 64% of the respondents often 
keep a dedicated bin/container to throw away food wastes only, which are then mainly 
used as animal fodder, composted or simply disposed of in the main outdoor bin for 
collection.  

However, engagement in recycling and/or reuse activities is currently low (only about 
15%). This means that considering a do-nothing scenario, the potential for segregating 
food wastes is much higher than segregating recyclables.  

4 Currently, the modal number of indoor bins is 2, whilst the modal number of outdoor 
bins is 1. This suggests that: 

 Many people are already segregating their household wastes (especially food 
wastes) indoor for hygienic reasons, but owing to a single bin outside, the wastes get 
mixed again in the outdoor bin.  

 Indoor bins are generally smaller in capacity than outdoor bins.  

5 However, by selecting 3 bins for source separation, most respondents have 
expressed their positive intentions to change their current disposal habits a step further 
towards source separation.  
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Table 8: Results pertaining to incentives that will encourage the public 

Main conclusions from survey to determine the incentives that will encourage the public 
to adopt source separation of household solid waste as part of their new lifestyle 

A. Proposed incentives 

5 incentives were proposed to the respondents to motivate them to participate in the source 
separation programme and received an overall average rating of 4.11 out of 5, implying that 
the respondents were in general satisfied with and indeed motivated by the proposed 
incentives. The 5 proposed incentives are as follows: 

1 "The bins for separate disposal are provided free of charge"  

2 "Proper training or guidance are given prior implementing the programme"  

3 "Frequency of wastes collected by municipal or district council trucks 
increases"  

4 "The source separation programme is mandatory"  

5 "People who are important to me or in my neighbourhood are also 
separating their wastes"  

B. Perceived difficulties 

5 perceived difficulties were also presented to the respondents and their opinions on same 
were sought in view of finding solutions to overcome these barriers to maximise public 
participation in the source-separation programme.  

The overall average rating of the 5 anticipated barriers was only 3.53, which is just above 
the cut-off score of 3 (neutral). This implies that in general, the perceived difficulties in the 
implementation of source separation of household solid wastes do exist but are not very 
significant.  

1 "Lack of satisfactory facilities (e.g. bins/bags/liners) for proper and hygienic 
source separation"  

2 "I have doubts that wastes that I have already source separated get mixed up 
during collection and transportation"  

3 "Lack of space for storing several bins inside and/or outside the house" 

4 "Separating solid wastes at home is time-consuming 

5 "Separating solid wastes at home is complicated and hard to do"  
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A financial analysis for different scenarios considered for the implementation of the source-separation 
programme was carried out. A summary of the main findings is given in Table 9.  

Table 9: Summary of findings from Financial Analysis 

Main conclusions from the Financial Analysis 

1 At least 50% of wastes must be diverted from the landfill for the source-separation 
programme to be financially viable, except in the case of 2 bins with unchanged total 
collection journeys, whereby the project may profitable with a lower diversion rate of only 
40%.  

2 Based on the estimated Net Present Value figures, it can reasonably be deduced that the 
most profitable scenario for introducing the source-separation programme in Mauritius is 
by providing households with 2 bins, without the need to increase the total waste 
collection frequency.  

This implies that wastes will be stacked for longer periods of time within the premises of 
inhabitants, which may cause odour and leachate problems and hence frustration among 
people.  However, this problem can be overcome by providing households with bins that 
are equipped with covers and that are sufficiently large to avoid piling up of wastes.  

3 The underlying assumptions of the above is that there is a demand for compost and 
recyclables at prevailing market prices, and that a diversion rate of 40% will be achieved. 
However, in reality, the demand for the goods must be investigated and the diversion rate 
will depend heavily on public participation, hence the need to provide households with 
some incentives as discussed in previous sections. 

 

4.  Conclusion 
The difficulties in with the present waste collection system have been highlighted, as well as its 

limitations in terms of landfill area availability. The survey carried out shows that, given the proper 
awareness and some incentives, the population is ready to go towards a new waste collection system 
which should benefit the country in terms of health and other environmental aspects. Even the 
financial aspects show a positive result for the proposed new collection system.  For more than 2 
decades the Mauritian population have suffered from inadequate provision of infrastructure facilities 
in various sectors. It is important to decide what kind of future the population wishes to have – 
preferably with its active participation. Here again, a backcasting approach might be useful to 
consider. Nobody likes to see litter as a sustainable nuisance!! 
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Abstract 

With this changing and dynamic world 
interrelated to technological advances and 
innovation, there will be a need for world class 
highly skilled professionals in the engineering 
field with engineers, technicians, designers and 
others. To be competitive on the global market, 
the engineering profession, while looking 
ahead to 2050, will have to be multidisciplinary 
and will have to open its doors for innovation, 
development of tools and solutions, to a world 
that is growing smarter and besides all, the 
engineers will have to be equipped with 
qualifications and skills that will enable their 
mobility across borders. The progress of the 
engineering profession will require that 
disciplines be added and new syllabuses be 
created to meet these challenges of the society 
in order to provide a labor force that can 
integrate new improvements into our economy. 
Thus, the vision of the engineering profession 
by and beyond 2050, should be to improve 
mankind’s quality of life, by addressing a 
number of challenges in areas of energy and 
food security, climate change, safe and sound 
waste management, designing of innovative 
products, conceptualized buildings, 
computational technologies, robotics, efficient 
use of resources and access to clean water, 
transportation, and environment, while also 
taking into cognizance cost, reliability and 
socio-economic implications.  

Keywords: Engineering; education; 2050 
vision; women engineer 

1.0 Introduction 

In this era of a changing and dynamic world 
related to technological advances and 
innovation, and the need for countries to have a 
more diverse economic base and to create more 
successful high added value businesses, there 
will be a need for world-class highly skilled 
engineering professionals. 

Be it at international level with the targets of 
the Sustainable Development Goals (SDGs) or 
on the African continent, with the AFRICA 
2063 agenda, or the Vision 2030 in the local 
context, a multi-skilled pool of engineers would 
be required to address needs of energy, 
transport, communications, climate change and 
will have outstanding opportunities in new 
areas of nanotechnology, logistics, 
biotechnology, green economy, blue economy, 
digital economy and high-performance 
computing.  

The engineering profession, while looking 
ahead to 2050, will have to be multidisciplinary 
and will have to open its doors for innovation, 
development of tools and solutions, to a world 
that is growing smarter and besides all, the 
engineers will have to be equipped with 
qualifications and skills that will enable 
mobility in this big global village.  
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2.0 The Engineering Attributes 
The role of an engineer consists of recognizing 
how practical and scientific knowledge can be 
applied and implemented, while being aware of 
the cost associated, the trustworthiness and 
socio-economic impacts of any applied 
knowledge (Julier, 2010). The fundamental 
vision of the engineering profession is to 
employ the general philosophies of science, 
mathematics, and areas of discovery and design 
to specific challenges and for practical purpose. 
This has always been the case for engineering 
profession and will not change as we advance. 
By using science and practical ingenuity, 
engineers will identify problems and their 
associated solutions, which will remain the 
spine of engineering.  

It is expected that in the future, with the 
intensification and complexity of technology, 
the society will have to deal with technological 
challenges of higher scope and magnitude. 
Consequently, by 2050 the necessity for 
practical solutions will be at its critical phase, 
and engineers, and their ingenuity, will be more 
vital than ever (NAE, 2004). Another important 
feature of the engineering profession is the 
application of the ideologies of business and 
management. It is believed that higher 
management roles will be assigned to the new 
“Engineer” who will consequently be exposed 
to numeral opportunities to exercise and 
implement their talents as leaders at various 
level in the nonprofit sectors, government 
sector, as well as, in the private sector. 

The success of the engineering profession in 
the future will require that engineers possess 
strong analytical skills, creativity, good 
communication skills, business aptitudes, 
practical ingenuity, knowledge in project 
management, leadership, high ethical standards, 
dynamism, flexibility, as well as willingness to 
continuous lifelong learning and operate in a 
global context. 

The progress of the engineering profession will 
require that disciplines be added and new 
syllabuses be created to meet these serious 
challenges of the society in order to provide a 

labor force that can integrate new 
improvements into our economy. With the 
global technological interconnection, the 
engineers of 2050 will have to emanate from a 
common background to enable them to turn 
ideas into reality. They will be required to 
develop products and services at a fast pace 
with the capability of applying knowledge to 
new circumstances. The professional courses of 
engineers of 2050 will take on pathways that 
will embrace regions worldwide with diverse 
types of challenges that engage divergent 
categories of individuals and goals.  

The Engineer of 2020 Visions of Engineering 
in the New Century states as follows:‘The 
future engineer will aspire to have the 
ingenuity of Lillian Gilbreth, the problem-
solving capabilities of Gordon Moore, the 
scientific insight of Albert Einstein, the 
creativity of Pablo Picasso, the determination 
of the Wright brothers, the leadership abilities 
of Bill Gates, the conscience of Eleanor 
Roosevelt, the vision of Martin Luther King, 
and the curiosity and wonder of our 
grandchildren” (NAE, 2004). 

3.0 Engineering Education  
It has been reported that, for the profession of 
engineering to achieve a bright and prosperous 
future, there should be an appropriate and 
valuable engineering education. According to a 
study conducted by the National Academic of 
Engineering, the engineering education 
landscape should change, for instance, by 
producing fresh graduate engineers who can 
both define and solve problems, by educating 
university learners on how to become all-time 
learners, by introducing interdisciplinary 
education through the use of case studies of 
both engineering achievements and letdowns, 
as a learning instrument in the Engineering 
undergraduate programs (ASCE. 2016).  
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3.1 Challenges to Engineering Education 

The challenges are numerous in engineering 
education, and these are as follows: 

1. The requirement for a large number of multi-
skilled engineers to develop the manufacturing 
sectors, to build and maintain wealth and to 
create products, services and infrastructure to 
boost GDP  

2. The engineers will have to be mobile in 
order to operate in a global environment and 
this can be achieved through the recognition of 
the engineering degree. This implies that 
engineers will be required to operate in 
countries other than their own, and 
consequently their qualifications and 
competencies need to be recognized across 
borders 

3. The need for engineers to bring high level 
scientific research more and more to the 
community and to address issues of poverty 
alleviation  

4. The necessity to develop links and provide 
assistance to the ‘entrepreneur’ world and the 
SMEs as a whole 

5. The need for several pathways, while 
considering an engineering degree for the 
Bachelor in Engineering as a basic degree and 
then adapting a master’s degree by taking into 
consideration accreditation criteria for 
professional courses all through the way.  

6. Developing the attributes of qualifications, 
competences and skills of the graduate and 
progressing to a learning outcome applicable 
for all engineering degrees.   

7. Harmonizing engineering education, through 
the process of accreditation. Accreditation is 
the key to maintaining the quality of the 
engineer. The Washington Accord, signed in 
1989 has become the benchmark for 
professional engineering degrees and several 
countries are signatory to the Accord. The 
Engineering Council of South Africa (ECSA) is 
the only African signatory (Mohammedbhai 
G.). By abiding to the conditions laid down for 
the accreditation of the Engineering programs 

at Higher education Institutions, the young 
graduates would be equipped with the 
necessary skills and competences and also be at 
par with engineering degrees across the world.  

8. Developing university- industry linkages to 
enable academics to be involved in industrial 
settings on a regular basis and for the industry 
to bring site experience in the academic 
curricula. 

9. Establishing formal interactions between 
professional engineering associations and 
academia.  

3.2 Educating Engineers in the Mauritian 
context: The Role of the University of 
Mauritius  

The Faculty of Engineering, created as the 
School of Industrial technology in 1968, offers 
a number of programs at undergraduate and 
postgraduate through its six departments 
namely, Department of Applied Sustainability 
and Enterprise Development, Chemical and 
Environmental Engineering, Civil Engineering, 
Computer Science and Engineering, Electrical 
and Electronic Engineering, Mechanical and 
Production Engineering. It currently has around 
2500 students enrolled in 2016/2017, with a 
fulltime staff population of around 150, and 50 
part-timers and guest lecturers from industry, as 
well as, from public and private companies.  

Over the years, this Faculty has produced 
engineering certificates, diplomas, BTEch 
degrees, as well as, BEng and MSc 
programmes, and more than 15,000 alumni, 
who now occupy senior positions in both public 
and private sector, and even on an international 
level. It has, since three years, embarked on the 
accreditation of the following bachelor 
engineering programmes, namely: Mechanical, 
Civil, Chemical and Electrical Engineering by 
the Engineering Council of South Africa 
(ECSA) so as to produce engineers that could 
meet the challenges ahead.  
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4.0 Engineers of 2050 
The Engineers of 2050 would be individuals 
who will possess international skills, as well as 
international recognition in their expertise and 
abilities. The Engineers of 2050 must be able to 
work in any country and pave their way in any 
type of industry where the engineering 
knowledge can be applied and implemented. 
There should be a standardized platform for all 
engineers by 2050 and this platform can only 
be provided by accredited engineering courses. 
The accredited course will hence ensure that by 
2050, the engineering attributes are acquired by 
all engineers and the current gaps are bridged. 
The attributes will consist of measureable 
outcomes that will indicate the engineer's 
potential to attain the capability to practice at 
the proper level. This will further prepare the 
engineers of 2050 in their career and 
interrelated areas, with a view to attain 
technological expertise and contributing to the 
economy advancement at a national level. 
These engineers will thus be well-equipped and 
will have the correct aptitude and capability of 
applying engineering design method to outline 
and resolve problems for the creation and 
improvement of products, processes, and 
systems. 

4.1 Women engineers in 2050 

The Engineering of 2050 is foreseen to be a 
common platform for all irrespective of gender. 
The large numbers of engineers that would be 
required would have to consist of women 
entering the workforce. With the legacy of few 
women in the engineering sector, this number 
is expected to increase considerably in the 
future. 

The greatest embargo that the tiny pool of 
women engineer faced in the past was the 
paradigm of not being given site-engineering 
job due to the fact that engineering was a male 
dominated work place. Twenty years ago, there 
were rarely any opportunities for women 
engineers in the technical fields to lead and 
excel in engineering. Women engineers were 
not taken seriously and had to demonstrate their 
technical proficiency to the companies and 
client at every stage and rarely succeeded. 

In the coming years, this paradigm and barrier 
will fade away as accredited courses will result 
in engineers with common engineering 
attributes irrespective of gender. It is already 
being observed that, more and more girls are 
enrolling in engineering courses and their 
potential are slowly but surely being 
appreciated and recognized at all level, be it at 
industrial or governmental level. By 2050, we 
foresee women engineer at every place of work 
whereby, the employment landscape for 
women engineer will undergo a sea of change 
to make their way up the professional ladder so 
as to assume leadership roles and being role 
models for the younger generations. We will 
witness more women with engineering 
background aiming for higher corporate 
positions and more companies giving women 
opportunities to progress and to accomplish 
their job, which was habitually earmarked for 
men (Emirates Foundation).  

5.0 Conclusion 
With the changing, intensification and 
complexity of technological advances, there is 
a need to reconcile technological, economic 
and social issues, for the society to become 
increasingly dependent of engineering 
professionals who will be in a position to 
integrate their technical knowhow to achieve 
sustainability at all levels. The UN Sustainable 
Development Goals (SDGs) call for a number 
of technology improvements be it in the field of 
medicine, renewable energy, sanitation and 
wastewater management, digital access, 
communications infrastructure, and many 
others. Thus, the future Engineer will have to 
engage in the deployment and diffusion of 
existing and new technologies and look for 
innovative technological solutions to meet the 
SDGs related targets by 2030. The Engineer 
will also need to be engaged in nontraditional 
areas and perform at management level, assist 
policy makers in taking informed decisions 
about big projects and initiatives and also 
support small businesses to address the 
challenges of the future.  
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1. Introduction 

Access to water has been recognized as a 
basic human right by UN Charter. It is 
considered as an essential ingredient for 
survival of mankind and, for fostering 
economic growth and bringing prosperity to a 
nation. Access to water is universal in 
Mauritius in that almost 99.7% of the 
population is connected to the Central Water 
Authority (CWA) network. Credit goes to the 
foresightedness and calibre of our former 
Engineering peers for their contribution in the 
mobilisation of water resources, construction 
of dams and treatment plants, commissioning 
of pumping stations and new pipe networks to 
enable this level of service. Success in the 
implementation and growth of the new pillars 
of the economy namely the textile industry, 
the tourist sector, the real estate development 
[IRS and RES] and presently the smart cities 
depends first and foremost upon the 
availability and reliability of proper water 
supply. 

The water sector is unfortunately 
vulnerable to a number of factors and has to 
face many emerging challenges. The greatest 
challenge that it faces is the effect of global 
warming and climate change. The latter 
phenomenon has resulted in recurring drought 
conditions as well as more frequent instances 
of flooding. Deficient rainfall causes much 
stress in that it becomes difficult to balance the 
demand and supply equation. Necessary 
adaptation measures are called for, on a longer 
term, be it on the demand and supply side. 

Mauritius has achieved the Millennium 
Development Goal as far as access to safe 

drinking water is concerned and the next step 
will be to work towards attaining the 
objectives set by UN under the Sustainable 
Development Goal. The potable water 
supplied by CWA conforms to the WHO 
norms for safe drinking water as well as local 
standards set by the Ministry of Environment. 

 The second most important challenge is 
the reduction in extent of unaccounted for 
water. It is a known fact that a significant 
extent of CWA’s distribution network is non-
performing and hence mostly responsible for 
the high level of non revenue water that 
plagues the water utility. Replacement of the 
defective network is a costly exercise and 
same can only be achieved in a phased 
manner. 

Another major challenge is the increasing 
pollution of our water courses. With industrial 
activity and even farming in the vicinity of our 
reservoirs and rivers, the quality of our raw 
water is deteriorating. This has not reached an 
alarming stage yet but the future generations 
may have to face this problem. 

2. Overview of the Water 
Resources 

The country receives an average annual 
rainfall of some 2000 mm; amounting to a 
volume of some 3700 Mm3 of freshwater 
island wide. Some 30% of it evaporates, 60% 
goes as runoff water and 10% as ground water 
recharge. However it has been noted that 
rainfall data over the years shows a downward 
trend, with some 8% decline based on 
statistics from 1950. 
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2.1 Surface Water Resources 

Most of the rivers in Mauritius spring from 
the Central Plateau and flow radially to the 
sea. Water is also abstracted from about 350 
river-run off takes. Such off-takes permit an 
average annual mobilisation of some 600 Mm3 
of surface water.  

Figure 1 shows the impounding reservoirs 
in Mauritius, while Table 1 gives their 
capacities.  

 
 

 
 
Figure 1: Distribution Water Systems and 

Impounding Reservoirs in Mauritius 

 

2.2 Groundwater Resources 

There are five main aquifers of Mauritius. 
The annual groundwater recharge has been 
estimated at 390 Mm3. Geological and 
hydrogeological investigations have resulted 
in the drilling of about 990 boreholes of 
diameter ranging from 150 to 300 mm.  
Presently, there are 429 boreholes in use as 
classified in Table 2.  

The maximum depth of borehole, which 
has been drilled so far, is 172m. The 
maximum yield from a single borehole is 8000 
m3/day. The average annual volume utilised is 
145 Mm3. The average annual contribution to 
potable water supply is 54%. 

Table 1: Capacity of Man-made Reservoirs 
Reservoirs Gross Capacity 

Mm3 
Mare aux Vacoas 25.89 
Midlands 25.50 
Mare Longue 6.2 
La Ferme 11.52 
Piton du Milieu 2.99 
La Nicoliere 5.26 
Tamarind Falls 2.3 
Eau Bleue 6.2 
Diamamouve 4.4 
Dagotiere 0.6 
Valetta 2.0 
Total Storage 
Capacity 

92.86 

Bagatelle Dam 14.2(under 
construction) 

 
 

Table 2: No of Boreholes in Use 
Total No of boreholes in use 429
No of boreholes used for potable water 
(administered by CWA) 

133  

No of boreholes used by industries 139
No of boreholes used for Agricultural 
purposes 

157
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3. The Institutional Arrangement 
for the Water Sector 
The Ministry of Energy and Public Utilities 

is the main body responsible for policy and 
implementation as regards Water Resources. 
Four government agencies are involved in the 
water sector in Mauritius, namely  

 The Water Resources Unit--Responsible 
for the assessment, development and 
conservation of water resources 

 The Central Water Authority--Responsible 
for the treatment and distribution of potable 
water 

 The Waste Management Authority—
Responsible for the management of waste 
water 

 The Irrigation Authority—Responsible for 
irrigation activities 

These Agencies work under the aegis of the 
Ministry of Energy and Public Utilities except 
for the Irrigation Authority which reports to 
the Ministry of Agro-Industry and Food 
Security. 

4. Present Water Demand and 
Supply 

4.1 Potable Water Supply 
The whole population of Mauritius has 

access to piped potable water. The Housing 
and Population Census 2011 survey reveals 
that 99.7 % of the population had access to 
piped potable water within their premises, with 
94.2 % having piped water inside their house 
as compared to 85.5 % in 2000 and 75 % in 
1990 respectively. 

 The remaining 0.3 % of the Population, 
mainly improvised shelters (squatters) relied 
on CWA mobile tanker service and other 
sources for their daily supply of potable water.  

The C.W.A estimates that the average 
demand for potable water from households is 
170 L/h/d and consumption per capita of water 
(all purposes) is 220 l/h/d 

Water is used for different purposes as 
shown in Table 3, while Table 4 shows the 
population with level of service hours of 
water. 

Table 3: Water Utilisation (Mm3 per Year) 

Purpose Surface Water Groundwater Total 

 River-run 
Off-takes 

Impounding 
Reservoirs 

  

Domestic, Industrial1 and Tourism 352 80 119 234 

Industrial3   5 2 6 13 

Agricultural 308 594 6 468 

Hydropower 150 1255 - 305 

Overall Utilisation 498 266 131 895 

Total Water Mobilisation 469 213 131 813 
1Used through CWA 
2Includes water used by Le Reduit power station. 
3Used by  water right owners and ground water licencees 
4 Includes Tamarind Falls and Magenta power stations 
5 Includes water used by Tamarind Falls, Magenta, Le Val & Ferney power stations 
Source: Statistics Mauritius- Digest of Water & Energy 
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Table 4: Subscribers with service hours of 
water 

Hours 

of supply 

No   of 
Subscribers 

% 

24      hours 190,485  57.0

18-24hours 33,050 9.7

10-17 hours 106,760 31.8

4-9    hours 4,025 1.2

< 4    hours 950 0.3

TOTAL 335,250 100

 

4.2 Irrigation water requirements 

In practically every country, the claim is 
the same: all planters want as much water as 
possible, and at the lowest price. Mauritius 
does not escape the rule. The very nature of its 
agricultural background has resulted in an 
extensive irrigation system. The big sugar 
estates derive their water from riparian water 
rights (there is no fee on this water), as much 
of their land is along the rivers. On the other 
hand the government, through the Irrigation 
Authority, has planned irrigation schemes for 
the benefit of small planters. The water 
requirements in this sector would range from 
some 30 to 100 Mm3.  

In the early days the required water was 
obtained from natural springs, streams or 
rivers in the proximity of the plantations, and 
few sugar cane growers had impounding 
reservoirs for storing their irrigation water. La 
Ferme and La Nicolière impounding reservoirs 
were constructed with the specific purpose of 
providing irrigation water for the sugar 
industry. Extensive systems of feeders (e.g. 
Nicolière feeder and La Ferme distribution 
canals ) were also constructed for the supply to 
reservoirs and distribution of water on large 
areas. 

Irrigation projects are sometimes decided 
upon without the full backing of technical 
data. Observations that may be made relate to 
the choice of location of irrigation projects. 
Why should areas receiving high rainfall (St. 
Felix in the south with 3400 mm annually ) be 
irrigated ? It is possible that several essential 
criteria may have been overlooked. These 
include yield of sugar cane, soil type, etc. 

It has been observed that two areas, both 
located within the same rainfall belts, may yet 
have different cane yields. Results for 
vegetables show similar trends. 

If the conclusions regarding the economic 
benefits accruing from irrigation are strictly 
considered, serious doubts may be raised about 
the need for further irrigation over the island. 

Of course, the question is not to stop 
irrigation. The problem lies in understanding 
that 

 the extra water which is being used for 
irrigation may not be effective at all i.e. 
it is not increasing the yield at all.  

 there is no possibility of recovering the 
expenditure incurred. This is the 
marginal costing exercise.  

 the extra water might instead be 
diverted to some other uses like potable 
water supply. 

The solution is to use irrigation efficiently and 
judiciously.  

4.3 Hydropower 

Because of its volcanic formation, 
Mauritius does not possess natural 
underground sources of energy like coal, oil or 
uranium. Water has been until recently, 
however, a non-negligible source of power in 
the form of its hydroelectricity potential. 
While thirty years ago hydropower was a 
major component of electricity production in 
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Mauritius, it stands now as a mere 3-4% of the 
total production. 

When the water requirements for 
hydroelectricity are examined, an important 
consideration comes to light. Water used for 
hydroelectricity generation is initially at a high 
elevation and could alternatively be used for 
water supply under gravity. This totals up to 
220 Mm3 annually. This volume of water 
produces about 100 GWh.  

There is thus a possibility of NOT 
generating hydroelectricity, but using the 
water for other purposes. The trade-off in 
obtaining 220 Mm3 of water extra annually is 
losing 100 GWh of energy. This shortfall of at 
least 100 GWh in the electricity production 
will of course have to be made good by some 
other method. 

5. Global Warming and Climatic 
Change 

In the recent years, Mauritius has 
experienced extreme climatic events in the 
form of floods and droughts, a direct 
consequence of the changing pattern and 
intensity of rainfall which has been attributed 
to climatic change. There is a general trend of 
heavy rainfall of short duration in localized 
areas. We have already witnessed a shift of 
about 1 month in the start of the rainy season 
in summer. Reservoir levels have become 
alarmingly low during these prolonged dry 
periods, putting considerable stress on the 
water supply distribution, especially around 
end of year festive holiday season. Borehole 
levels dwindle and some dry up completely 
during the dry season. The management of 
reservoir outflow and ground water yields 
becoming critical; the MEPU chairs a water 
resources committee among stakeholders to 
monitor the depleting reservoir storage and 
borehole levels, and, plan allocation to each 
sector accordingly. Water supply takes 
precedence over uses in other sectors i.e 
agriculture, hydro-power and 
industrial/commercial use. Potable water is 

normally produced from ground water and 
surface water sources as follows: Ground 
water : 50%; Reservoir water: 30 %; River off-
take :20%. 

With increased urbanization and 
continuous deforestation, surface runoff will 
further increase, causing more frequent 
flooding; as the present drainage system is 
limited in discharge capacity.  

It is time to rethink of our drainage model 
where there shall be provision for retention 
tanks in flood prone areas, green belts for 
aquifer recharge and underground catchment 
below car parking in hypermarkets and other 
venues provided with vast pavement areas to 
retain water for slow infiltration to the aquifers 
rather than direct runoff to the sea. 

Over the years the players in the water 
sector, namely WRU and CWA, have gained 
experience in managing resources to meet the 
acute deficiency in the summer months. 
However, more prolonged dry periods would 
present an altogether different scenario where 
not only the country’s economy would be 
jeopardized but domestic demand would be at 
stake. 

As far as water supply is concerned, several 
ad-hoc mitigating measures have been put in 
place during recent years to counter the 
adverse effects of late summer rains. However 
over time, these temporary measures are now 
permanent features of water distribution 
system. In the recent past on three occasions 
CWA had experienced unprecedented water 
shortage in 3 water supply zones respectively.  

(1) In 2009/2010, rainfall over the Central 
Plateau was highly deficient [Storage in 
the Mare aux Vacoas reservoir and 
Ground water in the Curepipe Aquifer] 
and water resources could not be 
replenished. The storage in the MAV 
reservoir was depleted to such a low 
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(2) level, barely enough to meet supply for 
2 to 3 weeks. Had the dry spell persisted 
for a few more weeks, it would have 
been catastrophic for the country.  

(3) In 2011/2012, water resources in the 
East were highly deficient leading to 
severe water rationing during several 
months of the year. Some regions 
received water a few hours daily and at 
times on alternate days. 

(4) In 2014 at the onset of the dry season, 
various regions in the south and western 
regions as well as East experienced 
water supply problems. These were 
caused mainly by drying up of 
boreholes, inefficient pipelines and 
pump breakdown. The Authority had to 
face several instances of public outcry. 

The authorities have reacted promptly from 
the experience gained during these alarming 
water supply situation and funds were 
provided for inter-zone bulk transfer of 
potable water. Being given that the 6 water 
supply zones are geographically quite distinct, 
engineers have come up with major projects to 
inter-connect the networks so that bulk 
transfer of water is feasible in time of need. 

Some zones have already been inter-
connected and there is an urgency to extend 
such works to the other systems also. 

6. New sources of water  

6.1 Potential dam sites 

Ground water exploitation has reached its 
limit while there are still potential sites for 
dam construction. However a new dam is very 
costly and its implementation period from 
project stage to commissioning takes at least 
15 to 20 years. Alternatively, owing to the 
limited land availability, consideration should 
be given to the possibility of increasing 
storage in existing reservoirs. Would it be 
cheaper to construct a new dam at Calebasses 
than increasing the storage in Nicolière 
reservoir? 

An exercise was carried out to estimate the 
potential of several dam sites. These potential 
dam sites are shown on Figure 4, namely at 
Calebasses, Bagatelle, Mon Vallon, Black 
River, Chamarel, La Flora and Astroea. 

According to the UNDP Human 
Development report 1998, Mauritius is already 
in a regime of water stress country and 
expected to suffer from water scarcity by 
2020. In fact it has a supply of 1083 m3 per 
person per year which is below the standard of 
1700 m3 per person per year. A country with a 
supply less than 1000 m3/person/year is 
considered as a water scarce country. 

6.2 Reuse of wastewater 

The cost of treatment varies with volume 
treated. For the St Martin project the cost of 
treatment of effluent for irrigation purposes is 
estimated at Rs 7.00/m3. For the La Nicoliere 
Treatment Plant the cost of treatment of raw 
water for potable use is estimated at Rs 3.00/ 
m3. Although, it is cheaper to treat raw water 
than wastewater the advantages as well as 
motivating factors for wastewater reuse are 
identified as follows: 

 Water pollution abatement, not 
discharging into receiving waters  

 Availability of highly treated effluents for 
various beneficial uses enforced by 
increasingly stringent water pollution 
control requirements  

 Providing long-term water supply 
reliability within the community by 
substituting freshwater  

 Water demand and drought management 
in overall water resources planning. 

 Recycled water can reduce fertiliser use 
for agriculture.  

Reuse of wastewater enables the allocation 
of good quality fresh surface or groundwater 
for the highest value purposes, which are 
either for human consumption, or meeting 
domestic needs. It also protects existing 
sources of fresh water as it obviated the 
requirement of mobilisation of additional 
resources to meet increasing demand. 
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Today, technically proven wastewater treatment or purification processes exist to provide water of 
almost any quality desired. Frequent droughts, increasing water development costs, institutional and 
environmental concerns, and a growing conservation philosophy are key factors accounting for 
current surge of interest in wastewater reclamation and reuse. Thus, wastewater reuse has a rightful 
place and an important role in optimal planning and more efficient management and use of water 
resources. 

 
6.3 Artificial recharge 

It is proposed to use the outflow 
from some treatment plants for 
irrigation during the months of 
October till May. This implies that 
during four months, treated water will 
be available. One of the options is to 
divert the water from the Treatment 
plants of St Martin and Montagne 
Jacquot to La Ferme Reservoir. But, 
the storage capacity of the Reservoir 
must be considered, secondly during 
the diversion from the treatment 
plants to the reservoir there could be 
losses. This could be wastage of the 
water. Therefore, another option 
would be to store water into the 
aquifers by artificial recharge. 
However, the cost of artificial 
recharge and pumping the water from 
the aquifer, should be compared to the 
construction of a dam. Therefore, 
aquifer recharge can become an 
integral part of water resources 
planning, as it is one form of 
providing the need towards 
sustainable water supplies. 
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6.4 Desalination 

Many countries have successfully 
implemented desalination solutions to meet the 
daily water requirements of their population. It 
is a costly process but indispensable for the 
nations which have no direct access to 
freshwater sources. However, for Mauritius, 
this would not be a viable option, at least not 
for the immediate future. Perhaps this could be 
envisaged to supplement supplies in the 
coastal regions during extremely water scarce 
situations, eventually. Nonetheless, the hotels 
are increasingly being encouraged to set up 
their own plants to complement their existing 
water supplies. In fact, the rate charged by the 
Central Water Authority for tourism (hotels) is 
quite high – around $1. The international cost 
for desalination has for long been around $1, 
and is getting smaller. If all the seaside hotels 
decide to go for desalination, CWA might lose 
a good market – with less subsidy for the 
domestic users – while Mauritius suffers from 
more pollution arising from the consequent 
energy production required for desalination. 

6.5 Rainwater Harvesting  

It would be such a great relief if all the 
houses, schools and other buildings, at least in 
zones, where precipitations are frequent, could 
be equipped with their own rainwater 
collection systems. This could considerably 
diminish the burden on the water utility, which 
is normally overwhelmed with problems 
related to lack of supply and unmet demand 
during prolonged drought conditions. It is 
absurd that during extreme water scarcity, 
treated water is used for non drinking purposes 
in domestic households. Presently, potable 
water billing includes the cost of treating the 
equivalent of treatment of the water effluents 
collected by the Wastewater Management 
Authority (WMA). The use of rainwater in 
fact achieves a double aim for the individual : 
the water bill is reduced for both CWA and 
WMA.  

 
 

Figure 4: Potential dam sites in Mauritius 
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7. Reduction of Non Revenue 
Water 

The level of Non Revenue Water (NRW) in 
Mauritius is considerably high, ranging 
between 50 to 55%. NRW is the difference 
between the amount of water injected into the 
distribution system and the amount of water 
billed to consumers. It comprises both physical 
and commercial loss. However, physical losses 
would be more significant as several hundreds 
of kilometres of old pipelines are still in 
service. They consist mainly of asbestos 
cement, cast iron and steel pipes, with some 
dating back to more than 100 years. 

Successive governments have been very 
concerned by the issue of NRW in the CWA 
and have always supported CWA initiatives to 
implement NRW projects. In brief, CWA is 
not receiving revenue for more than half of the 
treated water leaving its treatment plants and 
pumping stations.  

Over the years, ever since the early 
eighties, CWA has contracted to specialist 
international firms the study and 
implementation of NRW projects to save 
water loss and recover the loss revenues. Yet, 
as to date, NRW is still high. The obvious 
question is WHY? The old adage “Whenever 
you kill a leak, a few more come to its funeral” 
is very relevant in the Mauritian context 
bearing in mind that leaks repaired on old 
pipes are neither durable nor cost-efficient. 
Thus, in several District Meter Areas (DMA) 
priority should be given to the renewal of 
pipelines rather than focusing on leak 
detection and repair. However, pipe 
replacement necessitates colossal levels of 
investment, and more so today with new 
conditions from the Road Authority regarding 
full width road reinstatement. With tariffs kept 
artificially low, CWA fails to mobilise 
sufficient funds for a systematic pipe 
replacement programme. 

 

The CWA has a competent team of 
engineers to drive NRW projects and the 

technicians are skilled/experienced for field 
works. 

The CWA is already implementing an 
ambitious NRW project in the upper Mare 
Aux Vacoas Water Supply System zone. A 
phased approach is being used, given resource 
constraints. After the usual 
investigation/measurement/digitization and 
modeling, the 4 District Meter Areas (DMA) 
with highest NRW were earmarked for major 
pipe renewals. Works have almost been 
completed for the renewal of some 80 km of 
pipelines in the urban areas of Curepipe, 
Vacoas and suburbs. The results obtained so 
far in one smaller DMA have confirmed major 
savings in water with NRW decreasing by 12-
15 points. In addition, as leakage has been 
significantly decreased, the service reservoir is 
operating more efficiently and water supply in 
the zone is presently round the clock 24/7.  

The challenge is whether such projects of 
pipe replacement can be replicated in other 
water supply zones across the island and at 
what cost?  The CWA may have acquired the 
necessary experience but it still needs 
additional resources to extend the project 
island wide. Fortunately, Government, in its 
present mandate, has vowed to eliminate all 
the chunk of the CWA pipe network that is not 
performing and to that end, it is providing 
necessary funding under the Build Mauritius 
Fund. It is estimated that the total sum 
required would be of the order of some Rs.10 
billion (to replace 1600 km of pipes). 
However, one major stumbling block would be 
the availability of contractors for civil works 
on the local market. The scope of works is 
substantial and a reasonable timeframe for 
implementation would be around 5 years at a 
projected cost of Rs.10 billion.. 

Sustainability in the network efficiency 
requires a continuous and rigorous monitoring 
of the performance of the system using proper 
tools and equipment. This equipment is very 
sophisticated requiring skilled technicians to 
operate. The data collected must be regularly 
analysed and interpreted and corrective action 
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must be taken to correct negative trends or 
suspicious readings. 

8. Water Quality 

Raw water  in  Mauritius is generally of 
good quality and has so far been treated using 
the conventional process of Slow Sand 
Filtration or Rapid Gravity Filtration prior to 
supply for potable use  while ground water 
requires minimum treatment through chlorine 
disinfection prior to injection in the 
distribution network. It is to be recalled that 
less than 2 decades ago, several regions of the 
country were still being supplied with water 
directly harnessed from river sources and 
subject to only chlorine disinfection. Presently 
the water supplied by the Central Water 
Authority conforms to WHO guidelines and 
the Mauritian Drinking Standards as 
established by the Ministry of Environment. 
On an average, some 500 water samples are 
treated on a monthly basis. Independent testing 
is also carried out by the Ministry of Health, 
which acts as a watchdog. 

The CWA laboratory has since year 2012, 
been accredited to ISO 17025:2005(E) 
standards for some 13 parameters with a view 
to ensuring that its quality management system  
and the testing services provided are of 
international norms. The accreditation process 
has presently been extended to some 21 
parameters and works are ongoing towards 
accreditation of additional ones. 

Water quality being vital to health, it is 
imperative that continuous and close 
monitoring be the top priority of all concerned 
Authorities. Water quality is gradually 
deteriorating across the country with the 
development of agricultural practice and 
rearing of animals within the water catchment 
areas. Eutrophication is common in our 
reservoirs and river courses during the summer 
months and additionally one new phenomenon 
adversely affecting treatment processes is the 
presence of algae in raw water. Some species 
of algae are toxic and other species are causing 

nuisance at Water Treatment Plants by the 
clogging of the filters. 

The deterioration of raw water quality is of 
national importance and this alarming trend 
prompted Government to set up a Water 
Quality Surveillance Programme  some 3 
years ago to look into these issues and in 
particular the proliferation of algae in storage 
reservoirs. The committee is chaired by the 
representative of Ministry of Energy and 
Public Utilities with the participation of all 
stakeholders in the water sector. 

The  Terms of Reference (TOR) of the 
committee are as follows: 

 To carry out regular water quality 
monitoring exercises at impounding 
reservoirs and selected rivers of Mauritius. 

 Study the evolution of the raw water 
quality being exploited for different uses. 

 Initiate remedial action to abate any 
adverse impact on water quality. 

 To constitute a Task Force for the co-
ordination of the surveillance of 
Cyanobacteria and other toxic algae 

 Establish a database on water quality that 
will be required for the upgrading, 
extension and construction of Water 
Treatment Plants  

 Advise the Government on taking 
appropriate policy decisions for the 
protection of water resources in Mauritius  

The CWA, as a member of the Water 
Quality Surveillance Programme  plays an 
important role in that it is mandated to carry 
out sampling and testing of algae, pesticides, 
heavy metals, physico-chemical and 
bacteriological parameters. 

Some tests are outsourced but CWA is fully 
aware of its key role and responsibility in 
water quality and is investing significantly in 
equipment and personnel training for these 
specialist jobs. The CWA is already equipped 
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with an Atomic Absorption Spectrophotometer 
for testing of heavy metals in the raw and 
treated water. Other equipment imminently 
being purchased are: 

 Ion Chromatography to measure the 
Nitrate/Nitrite, Phosphate, Ammonia and 
Chloride levels. This will replace the UV 
Spectrometer where tests take a long time 
to be carried out. 

 Liquid Chromatography Mass 
Spectrometer (LCMS) to measure the 
levels of Persistant Organic Pollutants 
(POPS), pesticides and organic pollutants. 

 Fluoroprobe to measure fluorescent algae 
of the Blue Green species. (Toxic type)  

The CWA is also monitoring the effluent 
discharge of some 20 industries and based 
on the result of the analyses of the 
wastewater discharged by the industries, 
the MEPU decides on whether to 
grant/renew their Effluent Discharge 
Permit (EDP). 

The root cause of the pollution to the 
environment and the contamination of the 
water courses is all man-made; be it lack of 
civism or irresponsibility in granting of 
development permit or laxism of policing 
authorities etc. However it is imperative that 
concerted efforts be put in place through the 
ongoing Surveillance Programme to adopt a 
multiple barrier approach for protection of our 
water quality. This would include 

 Protecting the water source through the 
implementation of a proper Watershed 
Management programme; 

 Appropriate water treatment;  

 Trained certified water system operators;  

 Well-maintained and safe water 
distribution systems; 

 Effective monitoring of water quality at 
each step from source to tap.  

The success of a proper watershed 
management would obviously also 
depend on: 

 Planning and management strategies are 
modified frequently through “learning 
from experiences”  

 New scientific findings, in response to 
changing of social, environmental, and 
economic expectations and demands. 

 Monitoring and analysis of the results of 
past actions to lead to new approaches 
and innovative decision-making. 

It is to be noted that in future, Water 
Catchment Areas  for the construction of new 
Dams  would be in  cultivated or urban areas 
as forestry zones are  limited or not available. 
For example, the Bagatelle Dam and the 
Riviere des Anguilles Dam are being 
constructed in areas which are being heavily 
impacted by urban agricultural and industrial 
zones. 

Emerging issues of Water Quality will 
definitely crop up and the challenge would be 
on mitigating measures Authorities would 
adopt to protect and conserve the Water 
Resources. 

9. Raising Public Awareness 

Public awareness on the importance of 
saving water was emphasised during the year 
1999 and 2010 when Mauritius faced severe 
drought conditions. In certain ways, the 
campaigns were successful during the period; 
people reacted positively to the issue. The 
campaigns were dropped after the drought 
period. National Water Education should be 
ingrained in the education system and 
aggressive water saving campaigns should be 
sustained throughout the year, by the relevant 
Water Authorities with the help of civil 
societies, irrespective of prevailing water 
supply situation. 

The public should be made aware of the 
water conservation equipment such as dual-
flush and water conservation equipment. Some 
hotels participated in a water conservation 
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programme and made use of water saving 
devices, thereby reducing the hotel water 
consumption.  

People have the misconception that 
wastewater, even when treated, is still unsafe 
to use. However, treated wastewater is used 
for drinking purposes in Windhoek, the capital 
of Namibia, where severe water shortages 
exist. Hence, people should be made aware 
that treatment plants can treat wastewater to 
any quality desired. The CWA is the sole 
undertaker for water distribution, and 
responsible to reduce unaccounted-for water, 
however the public could participate actively 
in an unaccounted-for water programme by 
reporting any leakages, meters that are not do 
not work properly and thefts. Another aspect 
where public could help in the conservation of 
water is by making use of water harvesting 
methods. Hence, public awareness plays an 
importance role in the conservation of water 
resources.  

10. Conclusion 

The concept of water resources 
management requires integrated planning and 
management. This combines supply and 
demand management strategies to take into 
account all the economic, environmental, 
social, political and institutional factors related 
to water.  

With or without irrigation, there is likely to 
be a shortage of water in the long term, even 
with the development of water resources 

schemes. Hydropower generation, which uses 
much water for only a marginal electricity 
production, will probably need to be 
drastically reduced so as to allow diversion 
towards use for potable purposes. The 
allocation of water to various secondary and 
tertiary sectors will probably increase in view 
of their larger contribution to the economy 
compared to the agriculture. Implementation 
of the non-technical strategies discussed above 
will form part and parcel of future water 
resources management plans. The concept of 
SMART cities which rely on renewable 
sources of water and are self-sustainable 
should be encouraged. This would reduce 
dependence on the only water utility, 
especially during water stress situations. 

The changing rainfall patterns- extreme 
climatic conditions - could undermine the 
efficiency of the current water supply system. 
Do we resort to alternative viable methods to 
source potable water from large scale 
desalination plants? Should we prepare for 
exclusive use of potable water for domestic 
consumption and an increased use of recycled 
water for industrial or agricultural purposes? 

With the much awaited reform in the water 
sector, engineers would be required  to work in 
new modern I.T environment, where digital 
technology in the form of GIS, Modelling, 
Telemetry, Smart Meters and MIS would be 
the norm. The challenges are many and 
Engineers would be called upon to come up 
with sustainable solutions. Mauritius cannot 
afford to have its water sector fail. 
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Deejaysingh JOGEE 

University of Mauritius      d.jogee@uom.ac.mu 

 

1. Introduction 

The potential of remote sensing (RS) and 
geographic information systems (GIS) 
applications in any engineering field is 
enormous. Many government institutions in 
Mauritius do not use the full capabilities of 
remote sensing data and GIS technology to 
solve wholly the everyday aches of society. As 
such, useful funds are being wasted in projects 
which are not to the benefits of society as we 
all have noticed in the government auditor’s 
annual report. These technologies, if well 
acquainted with, can solve any problem in the 
most economical way and in the least possible 
time sustainably. Our world is becoming more 
and more complex each day with the large 
volume of data being generated. In Mauritius 
alone, useful data are being collected 
separately by different ministries, 
governmental agencies, parastatal bodies and 
private companies. It is unfortunate that a large 
proportion of this data is not made available to 
the public or educational institutions for 
decision making and research purposes. All 
these collected data, if combined together with 
remote sensing data will provide useful 
information for meaningful, informed decision 
making. In the presence of reliable 
information, decisions taken by policy makers 
would be more targeted towards the right 
problems at the correct time with the 
appropriate budget. This paper aims to 
introduce the reader to remote sensing and GIS 
technology with main focus on its application 

to some fields of the civil engineering 
discipline.  

2. What is Remote Sensing 
(RS)? 

Remote sensing is the science (and to some 
extent, art) of acquiring information about the 
Earth's surface without actually being in 
contact with it. Emitted or reflected energy is 
first sensed and recorded, then processed and 
analysed to obtain useful information for 
decision making.  

In remote sensing, the following seven 
elements are involved for the capture of 
emitted or reflected energy from the surface of 
the earth until its processing and final 
application of the information obtained: 

1. Energy Source or Illumination – an 
energy source is required to illuminate or 
supply electromagnetic energy to our target of 
interest. 

2. Radiation and the Atmosphere – while 
travelling from its source to the target, the 
radiation will come into contact with and 
interact with the atmosphere. The same 
interaction occurs again when the energy 
travels back from the target to the sensor. 

3. Interaction with the Target – upon 
reaching the target, the radiation will interact 
with the target. The interaction that will take 
place depends mostly upon the properties of 
both the target and the radiation. 
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CONTEXT
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4. Recording of Energy by the Sensor – a 
sensor is used to collect and record the 
electromagnetic radiation which is either 
scattered or emitted from the target. 

5. Transmission, Reception, and Processing 
- the recorded energy must now be transmitted 
to a receiving and processing station. The data 
are then processed into an image. 

6. Interpretation and Analysis – the image is 
visually interpreted in order to extract useful 
information about the illuminated target. 

7. Application - the information can now be 
used to either better understand the target or 
reveal some new information, or assist in 
solving an identified problem. 

These seven elements comprise the remote 
sensing process from beginning to end 

3. What is a Geographic 
Information System (GIS)? 

According to Aronoff (1989), a GIS is a 
computer-based system that can handle 
georeferenced data using the following four 
sets of capabilities: 

1. Data capture and preparation 
2. Data management, including storage and 
maintenance  
3. Data manipulation and analysis 
4. Data presentation 

From the above, data is required as input in 
the appropriate software loaded in a computer 
and manipulated by people with expertise in 
this field. 

Data may be obtained from several sources 
and its quality checked by appropriate means. 
The data are stored in especially designed 
databases that can handle georeferenced data. 
Once data are retrieved and manipulated, the 
results will be, most of the time, in the form of 
a graphical output (or map) from which useful 
information can be extracted for informed 
decision making purposes.  

4. Applications of RS and GIS 

There are different sensors used in remote 
sensing and each is designed for a specific 
purpose. Each application has got specific 
requirements in terms of spectral, spatial, and 
temporal resolution. Optical sensors are 
designed to collect reflected energy in the 
spectral bands while radar imaging focuses 
mostly on the microwave band. 

Spectral resolution refers to the width or 
range of each spectral band being recorded. 
For example, in broad band panchromatic 
images, vegetation will not be apparent as 
compared to an image taken in the narrow red 
wavelength bands. 

Spatial resolution refers to the least 
noticeable detail in the image. For example, in 
low spatial resolution images, road markings 
may not be apparent when compared to a very 
high resolution image. 

Temporal resolution refers to the time 
interval between images. Many applications 
requires data collected over specific interval of 
time, for example to monitor the spreading of 
oil spills, forest fire, and sea ice motion 
monitoring. 

The use of optical sensors in cloudy regions 
is limited, for example, in the tropics. In these 
cases, radar technology can be used since its 
sensors emit their own illumination providing 
long wavelengths that are able to penetrate 
cloud, smoke, and fog. The issue of obscured 
target by adverse weather conditions, or which 
is poorly illuminated is not a problem with 
radar sensing. Usually more than one sensor is 
required to meet all the requirements for a 
given application.  

Different wavelengths are absorbed, 
reflected and/or transmitted differently by each 
target. Because the appearance of targets can 
change rapidly over time, it is important to use 
information from several different sources so 
as to ensure that target identification or 
information extraction is as accurate as 
possible. Sometimes, multiple bands of 
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spectral information are used to help identify 
targets confidently. 

Integrating data obtained from different 
sensors can help in the interpretation and 
classification of imagery. A simple example 
would be the combination of high resolution 
panchromatic imagery with coarse resolution 
multispectral imagery, or merging actively and 
passively sensed data, for example integrating 
Synthetic aperture radar SAR imagery with 
multispectral imagery. The latter finds its 
application in geology where mineral 
composition is often represented by the 
spectral component, while the structure is 
represented by the radar component. 

Multitemporal images are those taken 
either daily, weekly, yearly or at other 
frequencies. For the monitoring of land cover 
change or urban sprawl requires images from 
different time periods. For dynamic events like 
landslides, floods and fires would need a time 
difference measured in days, while much 
slower-paced events (forest regrowth, etc.) 
would require years.  

4.1 Geology 

In geology, engineers learn to understand 
the various physical processes involved in 
creating and modifying the earth's crust, past 
and present landforms, geological structures, 
and the surface processes. Geology is mostly 
known to be used in the exploration and 
exploitation of earth’s mineral and 
hydrocarbon resources. However, in 
engineering geology, the study of potential 
hazards of volcanoes, landslides, and earth 
quakes are studied. Such studies are a critical 
factor for geotechnical studies relating to 
construction and engineering. Let us now have 
a close look at the potential of remote sensing 
in geology from an engineering perspective. 

Remote sensing is commonly used as a tool 
to extract information about the land surface 
structure, composition or subsurface. Often, it 
must be combined with other data sources to 
provide complementary measurements. Based 
on spectral reflectance, multispectral data can 

provide information on lithology or rock 
composition. Radar data is also extremely 
valuable when combined with other data 
sources to provide detailed relief of land 
surface topography. 

Geological applications of remote sensing 
include the following: 

• surficial deposit / bedrock mapping 
• lithological mapping 
• structural mapping 
• sand and gravel (aggregate) 
exploration/exploitation 
• mineral exploration 
• hydrocarbon exploration 
• environmental geology 
• geobotany 
• baseline infrastructure 
• sedimentation mapping and 
monitoring 
• event mapping and monitoring 
• geo-hazard mapping 
• planetary mapping 
 

4.2 Monitoring of Landslides 

Mauritius is a volcanic island with a mean 
annual rainfall of approximately 2200 mm 
whereby two thirds occur mostly during the 
rainy and cyclonic periods. Most landslides in 
Mauritius are triggered during these periods of 
intense rainfall. Most of our mountains have 
slopes ranging between 20º to 60º covering 
more than 30,000 hectares, which represent 
approximately 16 % of the total surface area. It 
has been reported that all slopes over 30º 
found along a mountain represent a hazard for 
most human activities, and as a matter of 
concern, requires adequately engineered 
construction works.  

Poorly planned development on mountain 
slopes started a few decades ago. Today, it 
may be observed that residential buildings are 
being erected beyond the zone of high risks 
prone to slope movement. Occupied mountain 
slopes include Tourelle du Tamarin, 
Chitrakoot, Quatre Soeurs, Le Bocage, Candos 
Hill and La Butte. These inclined sensitive 
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areas have recently resulted in slow soil 
movement during extreme rainfall events. This 
caused damage to properties, agricultural lands 
and several newly constructed road 
embankments and delayed some construction 
projects. Examples include the appearance of 
progressing large cracks in dwellings found in 
the Chitrakoot village, failure of the newly 
constructed road embankment on the Ring 
Road Project near Pailles village and finally, 
soil slope failures on soil cuts along the newly 
constructed Terre Rouge-Verdun Link Road 

Unplanned development coupled with 
unpredictable extreme rainfall events have 
definitely maximised the risks of landslide 
hazards in these areas. With regards to the 
location of Mauritius within the cyclonic basin 
in the Indian Ocean, only a few days of heavy 
cyclonic rainfall is needed in order to trigger 
landslides along mountain slopes which 
comprise mostly of accumulated slope debris.  

Many researchers in other countries have 
investigated the potential of various Remote 
Sensing (RS) techniques in combination with 
GIS and Global Positioning Systems (GPS) for 
the detection and monitoring of landslide 
movements. Point cloud, image data, high 
spatial and temporal resolution data, 
Multiscale Model to Model Cloud 
Comparison, Ground-based Interferometric 
Radar, Gamma Portable Radar Interferometer, 
Multi-mode high-resolution TeraSAR-X data, 
L-band ALOS/PALSAR imagery and Corner 
Reflector Interferometric SAR are all remote 
sensing technologies that were used alone or 
combination by the researchers for the 
detection and monitoring of soil movement. 
All the methods employed require data 
capture, processing and interpretation which 
are time consuming. By their multifaceted 
nature, landslides do not provide reasonable 
warning lag time between ground 
displacement and catastrophic failure. 
However, RS and GIS can be used for the 
detection and monitoring of slow soil 
movements in potential landslide identified 
zones for early warning and disaster 
prevention in Mauritius. 

4.3 Hydrology 

Water exists in three different phases, i.e. 
solid (ice), liquid and gas on the Earth surface. 
Of relevance to remote sensing are flowing 
water, water bodies, and soil moisture. As 
water is an important component in forestry, 
agriculture and land cover, the subject of 
hydrology is intrinsically associated with 
many applications of remote sensing in this 
particular field. An insight into the hydrologic 
cycle shows that most of the hydrological 
processes are dynamic in nature. Thus, 
frequent observations of these processes are 
required not only on a yearly basis, but also 
between and within summer and winter 
seasons in Mauritius. Remote sensing has the 
ability to provide a synoptic view of the 
dynamics and spatial distribution of 
hydrological phenomena, which sometimes 
cannot be provided by ground surveys alone. 
The active sensing capabilities of modern 
radar technology brought a new dimension to 
hydrological studies. Radar pulses allow 
observations of the Earth’s surface even during 
inclement weather conditions or in seasonal or 
diurnal darkness. 

Examples of hydrological applications 
include: 

• wetlands mapping and monitoring, 
• soil moisture estimation, 
• flood mapping and monitoring, 
• river /delta change detection 
• drainage basin mapping and 

watershed modelling 
• irrigation canal leakage detection 
• irrigation scheduling 

Since 2005, Mauritius has witnessed 
several flood events causing damage to 
properties and loss of lives. Flash floods 
occurred in the Mont Gout region in 2008 and 
the capital Port Louis in 2013 and more 
recently at Fond du Sac on 10th February 2016. 

Remote sensing techniques can be used to 
measure and monitor the extent of the flooded 
areas. Integrating and analysing these data into 
a GIS can efficiently help in the management 
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of quick rescue efforts as well as provide 
reliable estimates on the amount of 
infrastructure and land affected. Complex 
analysis of these data in the GIS permit rapid 
calculations and assessments to be made about 
flood water levels, damage, and areas facing 
potential flood danger. This type of data can 
be used by transport companies, local 
authorities, the National Disaster Risk 
Reduction and Management Centre and 
insurance companies (for flood compensation). 
The identification and mapping of flood prone 
areas are an important aspect in transportation 
planning and directing emergency teams. 

4.4 Oceans and Coastal Monitoring 

The oceans are an important link in the 
earth's hydrological balance. Oceans provide 
valuable food, biophysical resources as well as 
transportation routes for ships. They also serve 
in weather system formations such as cyclones 
and CO2 storage. A knowledge about ocean 
dynamics is important for assessing fish stock, 
ship routing, prediction of future global 
circulation consequences and monitoring 
storms. This will help to reduce the impact of 
disaster on coastal zones. To better understand 
ocean dynamics, wind speed, wave 
characteristics, bathymetry, water temperature, 
and ocean productivity data must be collected 
and analysed. 

Mauritius is a small island in the Indian 
Ocean surrounded by a sensitive tropical 
coastal ecosystem comprising mainly of 
mangrove trees, seagrass beds and coral reefs. 
In addition, the country manages a maritime 
zone of 2.3 million km2 in the Indian Ocean. 
The Government of Mauritius has recently 
identified this Exclusive Economic Zone as a 
major potential for future economic 
advancement and prosperity if this resource is 
developed in a sustainable way. However, it 
has also been acknowledged that to manage 
this large geographic territory several 
competencies, technologies and systems would 
be required. The Government has already 
embarked in the process of exploiting 
resources from the ocean. Past experiences 

indicates that exploitation of resources from 
the ocean will inevitably not be without 
consequences. Furthermore, the coastal zones 
around the island is increasingly being 
subjected to anthropogenic pressure. There 
will be both direct and indirect impacts on the 
important coastal ecosystem around the island 
as well as in the surrounding ocean waters. 

In this context, Remote Sensing 
technologies can play a crucial role in 

(a) Understanding the direct and indirect 
impacts of our actions on the sensitive 
coastal ecosystem and surrounding 
ocean waters. 

(b) Determining the ecosystem’s resilience 
and recovery capacity following such 
impacts 

(c) Assessing the effectiveness of 
mitigation measures adopted.  

As such, the exploitation of resources from 
our Exclusive Economic Zone (EEZ) can be 
done in a sustainable way with the use of 
remote sensing. 

In addition, we have witnessed several 
events over the past decades endangering our 
lagoons and beaches. Coastlines are 
environmentally sensitive areas and tend to 
respond negatively to changes brought about 
by economic development and changing land-
use patterns. Much of our coastal zones are 
now highly urbanised. Our coastal zones are 
being subjected to increasing stress from 
human activity. Local authorities, Beach 
Authority, Ministry of Tourism and the 
Ministry of Environment are all concerned 
with the impact of human activities in these 
zones and as such need new data sources with 
which to monitor such diverse changes as 
coastal erosion, loss of natural habitat, 
urbanization, effluents and offshore pollution. 
Most of the changes occurring in the coastal 
zones as well as the dynamics of the open 
ocean can be mapped and analysed using 
remote sensing techniques. Information 
obtained will help in the planning and 



InstItutIon of EngInEErs MaurItIus

82

implementation of appropriate mitigation 
measures and ultimate monitoring in the long 
term. 

Ocean applications of remote sensing 
include the following: 

• Ocean pattern identification: currents, 
regional circulation patterns, shears; frontal 
zones, internal waves, gravity waves, eddies, 
upwelling zones, shallow water bathymetry. 

• Storm forecasting: wind and wave retrieval. 

• Fish stock and marine mammal assessment: 
water temperature monitoring; water quality; 
ocean productivity, phytoplankton 
concentration and drift; aquaculture inventory 
and monitoring. 

• Oil spill: mapping and predicting oil spill 
extent and drift; strategic support for oil spill 
emergency response decisions; identification 
of natural oil seepage areas for exploration 

• Shipping: navigation routing; traffic density 
studies; operational fisheries surveillance; 
near-shore bathymetry mapping 

• Intertidal zone: tidal and storm effects; 
delineation of the land/water interface; 
mapping shoreline features / beach dynamics; 
coastal vegetation mapping; human activity / 
impact. 

Different methods for acquiring 
information on the coastal zone and beyond 
the lagoons can be used. For example, 
scatterometers collect wind speed and 
direction information while altimeters 
measures wave height, and also identify wind 
speed.  

Oil spills cause long term damage to 
coastal ecosystems. Following the recent oil 
spills near Blue Bay beach caused by the 
cracked hull of the aground MV Benita ship 
which collided with coral reefs off the coast of 
Mauritius, the Ministry of Environment 
promptly engaged in setting up emergency 
evaluation and response teams, and employing 
remediating measures to minimize the extent 
of the spill. In order to limit the areas affected 
by the spill, ease containment and facilitate 

clean-up operations, the following factors must 
be taken into account: 

 Spill location 
 Size and extent of the spill 
 Direction and magnitude of oil movement 
 Wind, current and wave information for 

predicting future oil movement 

The origins of spills can be from ruptured 
pipeline, ships emptying their billage tanks, 
collisions with reefs or other ships. Remote 
sensing can be used to both detect and monitor 
spills. It can be used over the long term in the 
surveillance of coastal areas and shipping 
routes to enforce environmental laws.  

Remote sensing data can provide useful 
information on the speed and direction of oil 
movement using multi-temporal imaging. 
Remote sensors commonly employed in these 
circumstances include infrared video and 
photography from Unmanned Aerial Vehicles 
(UAV), thermal infrared imaging, airborne 
laser fluourosensors, airborne and space-borne 
optical sensors, as well as airborne and 
spaceborne SAR. SAR sensors have an 
advantage over optical sensors in that they can 
provide data under poor weather conditions 
and during darkness. Many government 
agencies involved in the protection of our 
beaches, lagoons and Exclusive Economic 
Zone can make use of remotely sensed data in 
oil spill applications. 
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5. Conclusion 

The range of application of RS and GIS 
extend beyond those of the civil engineering 
field. This technology is being used in 
agriculture and forestry as well. A lot of 
research is currently being conducted to find 
new applications of RS and GIS every day. All 
research is directed at solving particular 
problems faced by society. Presently, in 

Mauritius, GIS software is used mainly to 
prepare maps, but analysis are rarely 
conducted, for example, by inputting all the 
parameters of terrain characteristics in a 
DEM and launching a query to locate the best 
sites for constructing a dam/reservoir. It is 
hoped that the quality of information generated 
from these technologies will become the 
standard for decision making in the coming 
future. 
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Vision 2050 is an international initiative 

which aims at encouraging and guiding 
organisations and countries to work towards a 
sustainable developmental model which is in 
harmony with the environment. Currently a 
number of environmental protection tools, 
amongst which the environmental impact 
assessments and the environmental 
management systems have been implemented 
for minimising impacts of developments on 
the environment. However, what these failed 
to address was the efficiency of a system 
based upon the limited resources of the earth. 
It is nowadays well recognised that in addition 
to environmental impacts, present 
developmental model is centered around 
consumer societies which is resulting in the 
depletion of the earth’s resources at a very fast 
rate. At this rate many countries will no longer 
be able to address the basic needs, food and 
water security. Countries are thus being 
challenged to look beyond the present 
situation and to work towards a sustainable 
earth (Komiyama & Kraines, 2008).  

Sustainable development is neither a new 
concept nor a new vision. Since the Bruntland 
report in 1987 entitled «Our common future», 
the global community has been taking 
measures to develop in a more sustainable 
manner and has been showing their concerns 
for a better world for future generations. The 
need for a holistic approach towards 
development for the socio-economic welfare 
of citizens while minimising environmental 
impacts has been further enhanced through the 
promulgation of the sustainable development 
goals. In 2015, the Conference of the Parties 
(COP21) emphasized the growing negative 
impacts of climate change, highlighting the 
vulnerability of societies in the face of 
environmental hazards, specially for the small 

islands developing states. Nowadays, it is no 
longer only about sustainable development, 
it’s about a development that needs to take 
into consideration the limited earth resources 
(Jäger, 2010; Horn, 2011). The international 
communities therefore have to revisit policies 
so as to ensure a better world for all. This new 
approach commonly referred to as the vision 
2050, is being adopted at national level by 
individual countries and by big businesses. 
The very basis of vision 2050 is to firstly 
define what one wishes to achieve by the year 
2050, that is, when the destination is clearly 
set, then only the path towards this destination 
can be traced with long term planning. 

The World Business Council for 
Sustainable Development (WBCSD) report 
Vision 2050 published in 2010, is considered 
as a cornerstone report in the endeavour 
towards a better world by the year 2050. This 
report regroups contributions from 29 
companies, 14 industries and 20 countries and 
documents a number of measures that can be 
adopted to achieve a better developmental 
model. It defines pathways and measures to 
improve the developments in the world, so that 
the nine billion people in the world (FAO, 
2009) can live well, and within the planet’s 
resources by mid-century.  Vision 2050 report 
is about energy efficiency, at least four fold 
increases in resource efficiency, changing 
consumption patterns for a healthier lifestyle, 
collaboration, internalisation of cost of water 
and ecosystems and specially about 
sustainable innovation. The concepts of vision 
2050 are being addressed in various sectors; 
amongst which water resources, mining, 
energy, planning, transportation, food, 
forestry, health, agriculture, coastal and ocean 
resources.  
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The economic importance of coastal and 
ocean resources cannot be overemphasized, as 
reported by Sutley & Holdren (2013) who 
stated in the National Policy Implementation 
Plan for the United States, that the oceans, the 
coasts and the Great Lakes are the most 
valuable resources and strongest economic 
drivers for the country. With their vast EEZ, 
many island states are looking into the 
development of their ocean economy.  SIDS 
with an emerging ocean economy can benefit 
from the experience of other countries and can 
also learn from their mistakes, so it would be 
wise not to overlook international initiatives. 
In her series of Envision 2050, a yearlong 
series «Imagining tomorrow’s human systems 
through the eyes of today’s experts», Hoff 
(2015) asked seven individuals with special 
connections to the ocean to share their hopes 
for the world’s oceans, and what it would take 
to achieve them.  The main messages from 
these world renowned ocean experts, were the 
importance of the ocean for humanity, the 
need to associate a cost element with coastal 
and marine ecosystems, the need for energy 
efficient systems, the need for applied science 
and innovation,  the health of the ocean and 
specially the need to act soon so as to ensure a 
healthy ocean in the year 2050. This last point 
was also stressed upon by OECD (2012), a 
study which concluded that the development 
of the ocean economy needs a forward 
approach. Thus, oceans are not to be regarded 
as individual EEZ, but rather as shared oceans, 
to be protected by all, as oceans hold the 
solutions for the planet’s future.  However, 
many SIDS are having great hopes on the 
potential of their EEZ, but with relatively 
limited know-how about how to ensure 
sustainable development of coastal and ocean 
resources. 

The Exclusive Economic Zone (EEZ) of 
Mauritius has turned the once known as a 
small isolated island into an oceanic state. 
With its 2.3Million km2 area, the EEZ of 
Mauritius brings along the inherent 
implications that the potential for harnessing 
natural resources are no longer scare, but 
indeed promising and huge. So, no wonder the 
ocean economy is being termed the upcoming 
economic pillar of the country. Expectations 
from the development of coastal and ocean 
resources are high indeed but for countries 
similar to ours, often a necessity rather than a 

choice. Food security, water security, energy 
security, and socio economic welfare of its 
citizens, are what the EEZ can offer to our 
citizens, but clearly at a scale much bigger that 
what we are prepared for. The ocean economy 
will be about consolidating existing sectors 
and building new sectors. As in most SIDS, 
the tourism, fisheries and shipping sectors 
have been contributing to the national 
economy since long. The EEZ is offering 
countries more opportunities and new areas of 
developments will be coming up. Projects on 
aquaculture, mariculture, industrial fishing, 
marine renewable energy, the petroleum and 
mineral exploration, the port related 
developments, transhipment, bunkering and 
cruise tourism and the maritime sector, with 
opportunities of ship repairs and naval 
architecture, the deep sea water exploration, 
are some of the new emerging areas. 
Engineers will be concerned with several 
aspects of these developments. From the 
design and applications of adapted 
technologies, the design of robust systems, the 
monitoring of water quality, the application of 
technology to recycle waste products, the 
developing of devices tools for managing 
automated systems, manufacture of equipment 
and spare parts for the shipping sector, and the 
use of satellite technology for environmental 
and marine security, the needs for engineers 
will be strongly felt.  In addition, the ocean 
sector will also be dependent on skilled 
oriented training, technology, innovation, 
research and development will form the basis 
for success behind enhancing the economic 
benefits from coastal and ocean resources. 

The Faculty of Engineering of the 
University of Mauritius is presently reviewing 
the course structures of its engineering 
programmes in collaboration with the 
Engineering Council of South Africa (ECSA), 
for accreditation purposes. Much emphasis is 
being placed on the skills that will enable the 
student to eventually perform as an engineer in 
an ever changing environment. Students are 
being trained to solve more complex 
engineering problems, to take both 
environmental concerns and societal needs 
into consideration and to be innovative, 
amongst others. The University has also set up 
a faculty dedicated to promoting ocean related 
studies. This faculty has been structured in 
such a way that marine scientists, engineers, 
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IT specialists and experts in the services sector 
work together to address the multidisciplinary 
nature of the ocean sector. A team of 
researchers at this faculty are developing 
projects linking ICT and environmental 
security; ICT and engineering for a sustainable 
aquaculture and aquaculture and 
entrepreneurship. The faculty recognises that 
innovation, research and development will 
pave the way for small businesses which will 
make up a very strong link in the development 
of the ocean economy. In addition, Mauritius 
is a well-known tourist destination, with the 
tourism sector being a strong economic pillar 

for the country, and this by itself implies the 
need for sustainable development of the 
coastal and ocean resources.  

To conclude, it is worth noting that the 
development of the ocean economy is 
happening now at a time when people know 
better.  So, international concerns and the 
concepts of vision 2050 are likely to influence 
local policies for a robust and resilient ocean 
economy.  
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1. Introduction 

1.1 Overview 

The objective of the Government of 
Mauritius is to make the island a Port centre in 
the next decade or so.. This has been triggered 
by the fact that the total Exclusive Economic 
Zone (EEZ) and continental shelf over which 
Mauritius positions has recently been extended 
to 2.3 million km2 and it may further grow to 
3.03 million km2. This is more than one 
thousand and one hundred times larger than 
our land mass – an area bigger than that of the 
combined land area of France, Germany, Italy, 
Spain and UK (PMO 2013). 

One of the most common benefits accrued 
from the ocean is trading through sea and 
ocean. This form of trade has since ancient 
times been widely practised throughout the 
world to distribute passengers, materials and 
cargo from one country to another. The area 
from which any type of sea transport takes 
place is called a Port or a Harbour and it 
represents a key economic zone for a country.  

The maritime sector has undergone many 
changes; increasingly large vessels are being 
deployed and modern Ports do not solely 
belong to trade and transport chains, but they 
have also developed important industrial links 
among various countries. The evolution in the 
function of Ports around the world has created 
many jobs opportunities. More so, Ports that 
are unable to present themselves as key 

players suffer great loss because of 
competition. 

Hence, the future development of Mauritius 
must be geared towards the expansion of our 
current marine activities to meet our future 
needs, limit our dependencies on other 
countries and to flourish internationally as a 
key Port in the region. 

Since the country’s economic potential is 
significantly the ocean, Port development can 
help in increasing our GDP, creating high 
productivity jobs, making the Port services 
more attractive by improving and modernising 
the existing infrastructure.  

The aim is to position the country as a key 
Port zone in the near future. Hence, the focus 
of this research is to investigate the Port 
development potentials, that is, labour/ 
manpower and infrastructure requirements of 
the Port sector of Mauritius.  

2. Literature Review 

2.1 Port System- contribution to Ocean 
Economy 

Ocean Economy is that portion of the 
economy which relies on the sea or ocean. It is 
a function of both industry and geography 
(Colgan 2007). While most of the ocean 
economy is located in coastal regions, some of 
the oceanic activities like boatbuilding, 
seafood retailers and ocean instrumentation, 
equipment and surveying industries may be 
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located in non-coastal regions (Kildow et al. 
2009). All these directly and indirectly 
contribute to a country’s economic growth as 
they are sources of revenue.  

A Port is an area that is able to provide 
shelter to vessels/boats, and can also allow 
transaction of cargo. It can be a natural 
establishment or an artificial construction for 
the loading and unloading of cargo and also 
for passenger transport (Dasgupta 2013). 

Port activities involve a great number of 
parties at supervisory, managerial and 
operational level. They can be united in a 
single company or they may comprise myriad 
of enterprises and institutions within the Port. 
Due to location and urbanisation, some Ports 
become excellent locations for industry. Such 
Ports are not only involved in trade and 
transport, but they also develop into important 
links in industrial chains. Leading Ports today 
combine trade, transport and industrial 
functions (Meersman et al. 2005). 

2.2 Port Development 

Port development is complex, difficult and 
expensive. Therefore extensive management 
and operational knowledge is required. The 
most important contributors for a successful 
Port are: 

 Infrastructure/ Logistics Improvement 
 Capacity Building- Labour/ Manpower 

Requirements 
 Port Competition 
 Sustainable Port development 

 
2.2.1 Infrastructure/ Logistics 

Improvement 

The growth of containership size in the 
coming years is guaranteed. Main hub Ports 
pursue improvements in their capacity for 
large-sized vessels by enlarging the Port area. 
The wider use of large containerships requires 
dredging deeper, setting larger cranes, and 
constructing larger terminals. Larger amounts 
of container logistics would induce traffic 
jams, eliminating the cost- saving effects of 

sea transport. Also, large containerships call 
only at hub Ports, meaning that an extension of 
the feeder transport network and inland 
transport network would be needed. 

The Port infrastructure needs to be 
designed based on the purpose for which Port 
is to be used. The design life is normally taken 
as 50 years for all permanent marine 
structures, but may be debatable (Proag 2016). 
In addition, regular inspection and, where 
necessary, repair are required under competent 
direction to ensure the stability and 
serviceability of the structure (The 
Government of the Hong Kong Special 
Administrative Region, 2002). 

The major impediments of Ports are 
terminal productivity, congestion, increases of 
lay time, limit of depth, crane hosting, and 
berthing limit. 

To resolve these impediments, the 
installation of more cranes, the improvement 
of functions, and yard extensions are urgently 
needed. At least 6 cranes with 35~40 moves 
per hour working simultaneously are required 
to process a large containership. However, the 
average total for most of the Ports around the 
world is only 4 cranes. Ports must adopt an 
advanced system that improves terminal 
productivity in order to process large 
containerships (Kim et al, 2009). 

2.2.2 Capacity Building- Labour / 
Manpower Requirements 

The people who work in the Port activities 
represent a major asset for a Port. Without 
their operating at their highest level of 
functional ability, the Port’s physical assets, 
profits and commercial survival are extremely 
vulnerable. 

Trends of employment in the industry have 
shown that there has been a continuing 
movement towards the utilisation of crews 
from labour supplying countries like China 
and Philippines (Carbone, 2005). 
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2.2.2.1 Port Labour Market 

A number of career opportunities are now 
provided in this sector like container 
marketing, engineering, cruise services, 
emergency management, environmental 
management, finance, seaport administration 
seaport security, strategic planning and policy 
and terminal operations. Examples of jobs are 
Chief Engineer, Custom Officer, Deck Cadet, 
Deck Officer, Marine Pilot, Marine Surveyor, 
Merchant, Mariners, Operator, Port Captain 
Shipbuilding Repair, Ship Cargo Planner, Ship 
Management and Tug Master/Mate. 

There are about 800,000 enterprises in EU 
Ports which generate, directly and indirectly, 
approximately 3 million jobs. Port labour 
make up 15% to 75% of operational terminal 
costs (Hooydonk, 2013). 

Port labour has traditionally been 
considered a hard, dirty, unpleasant, arduous, 
unhealthy and dangerous mode of 
employment. The level of safety has increased 
over the years due to automation, substantially 
reduced exposure to risks, strengthening of 
safety standards and policies and awareness in 
the Ports industry. Table 1 shows the general 
changes in the Port labour regime during the 
last decades of the 20th century and the 
beginning of the 21st century. 

Table 1: The changing world of Port 
work (Hooydonk, 2013) 

From Towards 

General Labourers Multiskilled/ specialist 
workers 

Labour-intensive 
operations 

Capital- intensive 
operations 

Break- bulk handling Specialised operations 

Casual hiring Permanent employment 

Informal on-the-job 
training 

Formalised training 

Male workforce Diversified labour force 

2.2.2.2 Technology and Labour  

Carbone (2005) highlights that there is a 
real concern in the industry due to the  
contemporaneous need for highly educated 
personnel to cope with technological and 
organisational changes in the structure of the 
industry. There is a higher demand for 
technical competence. Modern ships coupled 
with technological and organisational changes 
give rise to smaller, however, better trained 
crews than needed in smaller ships.  

2.2.2.3 Weaknesses of Labour 
Nature 

There is a problem of non-transferability of 
skills outside the industry, thus, aggravating 
the shortage of qualified manpower. For 
shipping jobs, the condition is worse as when 
trained officers and crew staff leave the sea, 
they cannot be replaced by men trained in 
other industries. 

Moreover, little opportunity exists for 
people beyond 45 years of age to work in sea 
related activities. In 2002, Leggate and 
McConville reported that 76% of Filipino 
working at sea are aged between 25 and 44 
years of age (Carbone, 2005). 

Maritime education and training (MET), 
manpower skills and culture are crucial factors 
to be considered when analysing the evolution 
of the quality of human resource in the sector. 

2.2.2.4 Working and Pay Conditions  

Mobile labour suffers the most in terms of 
working and living conditions in the sense that 
the staff work with less safety and long hours 
for little pay. This applies to owners who see 
labour simply as cost elements.  

Captains, pilots of water vessels make an 
average of 64,670 dollars yearly. Captains of 
oil tankers or passenger ships may earn over 
100,000 dollars. On average, motorboat 
operators, ship engineers and sailors/ marine 
oilers average about 37,000, 64,000 and 
36,000 dollars annually respectively. 
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2.2.2.5 Strategies to attract Capacity 
building - Manpower 

To increase marine research capability, all 
countries with an ocean coastline must develop 
and maintain a group of marine scientists large 
enough to protect and manage their marine 
resources. 

Hence, recruitment of tertiary students to 
marine science and research funds is essential 
for promoting sustainable research and 
improving the research capacity of coastal 
nations. International participation is also 
primordial to improve local expertise. In 
Denmark, the government has taken positive 
steps to encourage recruitment into the marine 
industry by targeting primary schools to 
heighten awareness of marine jobs as an 
interesting and fulfilling career.  Besides, 
many Ports are now increasingly organising 
training programmes be they at operational, 
technical or management levels. 

Involvement on research across the globe is 
relatively irregular in terms of country and 
institution participation. This is due to lack of 
expertise, limited sea-going equipment and 
facilities for research and observations, limited 
financial resources and erratic government 
support for research (Morrison et al. 2013). 

2.2.3 Port Competition and 
sustainable Port development 

In the last decades, Ports have witnessed a 
substantial increase in competition, due to 
technological and organisational innovations 
and the emergence of powerful international 
players, such as ocean carriers and terminal 
operators.  

Indeed, major Ports have to deal with a 
growing environmental complexity and 
competitive pressure. In these Ports, 
criticalities related to public–private 
interactions, local versus global 
interests/pressures, as well as green and 
security issues, have assumed a remarkable 
emphasis and have deserved the attention of 
Port managers. In this regard, leading Ports 
must be able to effectively communicate to 
stakeholders, in order to support their strategic 
choices and differentiate themselves from 
competitors. 

Important obstacles, including technical 
limitations, lack of financing, and 
environmental impacts hinder the large scale 
development of Port in many countries. 
Further, an improved understanding of the 
environmental, socio-economic, and 
ecological implications through the sharing of 
best practices and emerging knowledge will 
provide critical support to this sector.  

Common determinants of Port 
competitiveness are service level, Port 
location, Port tariffs, frequency of calling 
vessels, cargo damage, skills of Ports, 
investment of Port facilities and stability of 
Port (Cho et al. 2011). 

2.3 Cost of Ports Worldwide 

Port infrastructures require massive 
amounts of investment and they have a long 
period of return on investments as shown in 
the table below. Hence, the Port authority must 
ensure availability of capital as around the 
world, Ports invest huge funds in developing 
the Port (1US $ is equivalent to 30.95 MUR). 
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Table 2: Cost of Ports (Gerbich, 2010) 

Port Description and Cost 

Al Duqm Port 
and Drydock 

Location: Al Duqm, Oman 
Project cost: 1.25 billion dollars  
Scope of works: New Port, breakwater and drydock 
Capacity: 600,000-tonne oil and gas supertankers 
Anticipated annual revenue: 210 million dollars 
Anticipated employment: 3,500 people by 2020. 

Khalifa Port and 
Industrial Zone 
(Major Port 
development) 

Project cost: includes 1.5 billion dollars (dredging and reclamation); 380 
million dollars (Port and onshore facilities) by 2030. 
Project Scope: 7.4km of quay for 22 berths, 12.6km of quay for cargo and 
berths, and 2.4km of quay for six dry bulk berths. To accommodate 25 million 
tonnes of dry bulk annually, 16 million tonnes of general and cargo and 15 
million TEU containerised cargo 

Kuwait, 
Boubyan Island 

Location: Boubyan Island, Kuwait 
Project cost: 410 million dollars  
Scope of works: Harbour dredging and initial design of 16 berths (depth of 
basins at 16.5 m, 14.5 m deep navigation channels and road and railway 
infrastructure). 

Sohar Industrial 
Port 

Location: Sohar, Oman 
Project cost: 1.35 billion dollars 
Project type:  Dredging works and jetty construction 
Scope of works:  Jetty construction (1380 m) ; 25 m deep harbour dredging  

Jeddah Islamic 
Port, Red Sea 
Gateway 
Terminal 

Location:  Saudi Arabia, Jeddah 
Project cost: 510 million dollars 
Project type: Construction/expansion 
Scope of works: Terminal, 1.5 m TEU storage 

Ras Laffan Port 

Location: Qatar 
Project cost: 1.7 billion dollars 
Project type: Port expansion 
Scope of works: New berths, 10 LPG berths and 4 tanker berths for vessels 
from 20,000 to 300,000 tonnes. 

New Doha Port 

Location: Qatar 
Project cost: 7 billion dollars 
Project type:  20km2 Port complex 
Scope of works: Construction of new Port for capacity of two million TEU per 
year 

Fujairah Oil 
Terminal 

Location: Fujairah, UAE 
Project cost: 110 million dollars 
Project type: Construction, engineering 
Scope of works: Cargo terminal expansion for  additional storage of  600,000 
cubic metres . 

Port of Salalah 
expansion 

Location: Salalah, Oman 
Project cost: 500 million dollars 
Project type: General cargo terminal 
Scope of works: container terminal expansion, 3 berths, 1,350 metres of quay 
wall to boost capacity by 3 million TEU 

Development of 
Al-Ruwais Port 

Location: Qatar 
Project cost: 215 million dollars 
Project type: Port development 
Scope of works: 5 m dredging of 3 km channel, 7 m dredging of Port and 2.5 
m dredging of marina and fishing harbour. 
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2.4 Port Development 

The total area of the EEZ and the 
Continental Shelf over which Mauritius has 
various rights is currently 2.3 million km2, 
which is over a thousand times larger than our 
land mass and which holds potential resources 
of value. Actually, the main ocean related 
activities include direct activities like fishing, 
farming, desalination and sea transportation 
and indirect activities resulting from direct 
activities like ship building, Ports and harbours 
and coastal activities.  

The Port Louis Harbour is the only Port of 
Mauritius and it is situated in the Indian Ocean 
about 1000 km off the East Coast of mainland 
Africa. The Port is located at a strategic 
position - at the junction of Asian and African 
route. It constitutes 99% of the country’s 
external trade and contributes about 2% to 
GDP of Mauritius (PMO 2013).  

The Port handles storage of cargo like 
cement, wheat, molasses, heavy oil The Port 
area is subject to a wide range of Port 
installations handling, processing and storing a 
wide range of cargo ranging from petroleum 
products, coal, cement, edible oil, heavy oil, 
molasses, wheat, bitumen to fertiliser 
manufacturing. 

The Port has undergone about 37% 
increases in transhipment containers in 2012. 
As at 2013, the MPA employs around 450 
staff and the seafood hub comprises about 
12,000 personnel as at 2013 (MPA, 2014). 

The sustained growth of the country’s 
economy during the past few decades has 

resulted in a significant rise in the amount of 
cargo that is handled in the Port. 

There has been a marked increase in the 
number of vessel call including cruise ships. 
Also, the 300 hectares facility bordering the 
harbour now house over 50 organisations 
engaged in commercial or industrial activities 
in the Port. The main trade of these Port-based 
installations comprises freeport activities, 
power generation, edible oil refining, plastic 
processing, bitumen, and coal handling.  

A number of main development areas have 
been identified to make the country a key Port 
destination. They include the following 
activities: 

 Container transhipment, 

 Bunkering and Petroleum hub, 

 Cruise,  

 Port related services, 

 Ship repairs and ship building and 

 Fishing & Sea food processing. 
The time frame proposed by the 

Government is from 2015 to 2025.  Some of 
the objectives proposed to develop the Port 
Sector are: 

 To promote Port services, petroleum 
products and container transhipment, 

 To encourage aquaculture in making 
country a seafood processing hub in view 
of increasing exports and contributing to 
food security and 

 To focus on tourism and ocean-based 
leisure activities. 
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Table 3 outlines the targets and key performance indicators set to develop the Port sector (PMO 
2013). 

Table 3: Targets set to develop Port sector (PMO 2013) 

Short term targets Long term targets 

Expansion of seafood related services by 
promoting aquaculture in 20 identified sites 
around Mauritius and Rodrigues 

Investment in high level production of 
aquaculture, seaweed and algal culture for 
local consumption and exportation. 

Around MUR 6 billion are engaged in 
upgrading Port infrastructure to increase Port 
and cargo handling facilities until 2015. 

Ensuring development brings economic 
efficiency, social equity, ecological 
sustainability, social partnership and safety. 

Mauritius is also encouraging cruise liners 
to promote tourism and attracting storage of 
petrol and bunkering from Port Louis. 

 

 

2.5 Port Development Projects 

Over the past two decades, the Port Sector 
has undergone major organisational 
improvements. The vision of the Mauritius 
Ports Authority (MPA) is to develop Port 
Louis into a regional maritime, logistics and 
business hub. The MPA has implemented 
several projects to enhance the international 
competitiveness of the Port and also to ensure 
safety of navigation and smooth operations of 
vessels at berth. These include security 
surveillance system, modern harbour radio 
facilities equipped with radars and modern 
radio/communication and vessels tracking 
system. The MPA is accordingly proceeding 
with new planned projects as recommended in 
the Port master Plan 2009. The development 
projects are cruise liners, oil quay, cement 
factory, dredging works, quay extension, 
Waterfront Development project and 
breakwater and container terminal.  

 

3. Desk Study and Survey 
Findings 

3.1 Introduction 

In order to investigate the limitations of the 
Port sector, a desk study was carried out with 
the personnel of the MPA. Furthermore, a 
survey questionnaire was designed to provide 
information on the views of the respondents 
regarding Port sector and the Oceanic potential 
of Mauritius. A pilot study was carried out to 
improve the questionnaire. Subsequently, 386 
responses were collected via mail and hard 
copies. The data obtained was recorded and 
analysed. Statistical tests were carried out to 
determine the respondents’ interest in the Port 
sector. 

3.2 Desk Study 

The desk study carried out with the 
personnel of MPA identified the strengths and 
weaknesses of the Port of Mauritius. An 
assessment was conducted and issues 
highlighted include: 

 Land scarcity, 

 Trend in cargo growth, 

 Infrastructure requirements, 
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 Capacity building, 

 Marketing / Investment and time 
frame and  

 Port competition and ranking. 

3.2.1 Land Scarcity 

The total area within Port Limits consists of 
330 ha; waterfront and proposed waterfront 
project, the area for Port operation and Port 
based industries and the area of Port Terminals 
I,  II & III comprise 47 ha, 233 Ha and 50 ha 
respectively. As at now, a few solutions have 
been found to allocate land to priority projects 
identified earlier. However, the major problem 
for successful Port development in Mauritius 
still remains land scarcity. 

Land reclamation has extensively been 
used to cater for new projects; however, this 
may not be possible for other future ones 
which will inevitably occupy much space.  

Mahebourg has in the past been identified 
as another potential site for the construction of 
another Port. However, this idea was 
abandoned because of environmental issues. 
Another site which needs to be investigated is 
Albion/ Point aux Caves Lighthouse as it 
possesses favourable characteristics for 
another Port. Pointe aux Caves Lighthouse, 
also known as Albion Lighthouse, is situated 
in Albion, a village located on the west coast 
of Mauritius and is famous for being the 
unique lighthouse of the country situated on 
the cliffs and caves of Pointe aux Caves. It was 
inaugurated in 1910 to help incoming boats 
and still serves as a precious guide to present 
ships with its imposing height of 30m. This 
area could be further developed into a Port as a 

quay for petrol activities, subject to 
environmental aspects considered. 

3.2.2 Trend in Cargo Growth 

According to MPA, growth in captive 
container traffic will follow the trend of the 
GDP and the target for container 
transshipment throughput is projected to be 
485,000 TEUs by 2020 and 745,000 TEUs by 
2025. In order to handle this increase in 
container traffic and also to accommodate 
larger vessels, the MPA is already proceeding 
with the Extension and Strengthening of the 
Container Terminal. 

3.2.3 Infrastructure Requirements 

The growth of vessel size is inevitable and 
this calls for countries to be prepared to 
accommodate all sizes of vessels in the Port 
area. As at now, the Port is able to 
accommodate vessel sizes greater than 300m. 

Several projects have been undertaken and 
some are in the pipeline for increasing the 
berthing capacity and associated facilities like 
bunkering, ship construction, repairs and 
maintenance for attracting larger ships.  

Other requirements are new dry dock, 
workshop and quays for ship repairs, landing 
quays, fish-landing sites, mooring zones, cold 
rooms, zoning for seafood businesses in the 
seaport vicinity, support infrastructure (labs, 
hatcheries, feeds, landing stations) for the 
aquaculture industry, fish security fund to 
support business initiatives in the seafood 
sector. Depending on the increase in traffic, a 
new jetty will be required for unloading and 
loading of bunker together with tanks to 
increase storage for petroleum products and 

Figure 1:  

Port Limit (MPA 2013) 
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bunker pipelines. Additionally, the cruise berth 
constructed by MPA is not being used to its 
optimum. A cruise terminal building will have 
to be constructed. Another potential project is 
the construction of a petrol line from the Port 
to the airport since the only mode of 
transporting petroleum products is by trucks. 

The possible construction of a new Port 
will also necessitate massive infrastructure 
development not only in the identified Port 
location but also in surrounding areas to 
support associated infrastructure like roads for 
inland transport, bank services, offices, 
marketing and finance companies, electricity 
and water amenities. 

Fortunately, no major accidents and 
congestion occur during Port operations. Only 
minor oil spillage or accidents when entering 
the Port are noted. Besides, the Port is 
equipped with 5 cranes which is a positive sign 
for cargo handling and other Port operations. It 
must also be pointed out that the inland 
transport from the Port area to the respective 
distribution places comprises only 10% of the 
road traffic since most delivery transactions 
occur during the night. 

The major impediment of the Port is lack of 
technological advances in the system. This 
issue needs to be tackled since a successful 
Port requires modern technologies in order to 
be effective and productive at all levels. In this 
context, modern equipment, e.g. those used in 
cargo handling also need to be procured. 

3.2.4 Capacity Building 

Appropriate labour/manpower is one of the 
major challenges in development of the Port. 
According to the MPA, ships pilots and Port 
engineers are becoming scarcer. Though well 
paid, little is being done to attract manpower. 
This is due to the fact that the local population, 
especially the youth lack the knowledge about 
marine related activities. Despite being a 
country surrounded by the sea, not many 
marine related subjects are present in the 
educational system. As a result, people are not 
interested in working in Port sector, thus, 

making capacity building in this sector more 
and more difficult. 

One of the most important aspects behind 
Port development remains labour/manpower 
requirements and the most important asset 
remains the staff working in the sector. Port 
development undoubtedly requires more 
people to work in the various Port activities 
and as identified in the Literature Review, the 
demand for skilled and trained personnel is 
increasing. It is true that Port development will 
create many job prospects; however, the 
supply of appropriate manpower represents an 
issue. 

To be able to possess the required number 
of personnel to work in the Port sector, the 
existing staff needs to be trained to improve 
and diversify their skills. There is also a great 
need to increase awareness and instill interest 
in the youth so as to help them be equipped 
with the knowledge and skills required for new 
jobs and enterprises that will be opened up in 
the future.  

3.2.5 Marketing / Investment and 
time frame 

Indeed, Port development entails massive 
investments. For example, MUR 3.2 billion 
will be invested in Port development in 2014 
to improve maritime connectivity. An 
additional amount of MUR 2.3 billion will be 
invested in 2015 and 2016 (ATP, 2013).  

A combination of Public and private 
funding is mostly to finance such expensive 
Port development projects. In fact, many 
private regional investors have set up their 
companies in Mauritius to operate in the Port 
sector, be it in the fishing and seafood sector 
or petroleum sector.   

Other than investment, to be competitive, 
Mauritius needs to attract more and more ships 
for bunkering, repairs, construction, 
maintenance, cargo, sea food, tourism 
purposes. This calls for aggressive marketing 
to make Mauritius a key Port destination in the 
regions.  
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New tariffs and incentives need to be 
introduced like joint public and private sector 
promotion of Mauritius as ideal business 
platform for fisheries, seafood processing and 
aquaculture, participation in specialised 
international fairs and conferences, 
streamlining of procedures related to permits, 
signing of long-term agreements for container 
transhipment with shipping lines, aggressive 
marketing of the region as a cruise destination, 
developing a dedicated Port marketing website 
providing the necessary information and 
incentives that are being offered at Port-Louis 
and regional cooperation to attract shipping 
lines and promote inter island trade. 

Concerning the time frame for Port 
development, the target set for use of facility 
may not be met. This is because the 
construction is a lengthy process and it may 
take up to 15 to 20 years and above to 
concretise a major Port project.  

3.2.6 Port competition and ranking 

A competitive advantage over a rival Port 
can be achieved through operational 
efficiencies, competitive transhipment tariffs 
and a level of flexibility with respect to 
transhipment container storage where 
applicable (Fraser et al, 2012). 

In fact, according to MPA, the Port of 
Mauritius has one of the lowest tariffs in the 
region, making it more and more competitive. 
As far as Port ranking is concerned, Mauritius 
is positioned far in front of numerous 
developed or fast growing countries. This 
ranking reveals the competitiveness and 
importance of the Port of Mauritius. 

The Port Louis harbour stands out by the 
numerous advantages it offers but also faces a 
number of challenges and threats. From desk 
study carried out with the personnel of the 
MPA, a SWOT analysis of the Port has been 
carried out and Table 4 below shows the 
strengths, weaknesses, opportunities and 
threats. 

Table 4: SWOT analysis of Port of Mauritius 

Strengths  Good Strategic Location 
 Adequately equipped in terms of infrastructure. Other 

projects beneficial to Port development in the pipeline 
 Safe investment location/ Sable democratic country 
 Competitive tariff 
 24 hours service 
 Good industrial relations 
 No major problems like accidents or congestion 

Weaknesses  Land scarcity 
 Lack of IT improvements 
 Lack of labour/ manpower for future jobs 
 Customs and government bodies, in the Port work on a 5/6 

day basis per week. 
Opportunities  A potential Port hub if marketing done aggressively 

 Good economic climate prevailing 
Threats  Changeable transshipment traffic 

 Economic Crisis 
 Port Development in other neighboring countries 
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3.3 Main observations from 
questionnaire 

3.3.1 Ocean Economy  

 51% of the respondents have heard of 
the term “Ocean Economy” and according to 
43% of the respondents, they have poor 
general knowledge about the topic while 30% 
of them have in their opinion a good 
knowledge.  

 Most of them were well aware of the 
ocean related activities being practised in 
Mauritius. In fact, 90%, 75% and 68% of the 
respondents opted for fishing and seafood 
processing, tourism and leisure and port 
related activities. 64% of the respondents were 
unaware that the maritime territory of 
Mauritius has been extended to 2.3 million 
km2. 

 The Ocean Economy of Mauritius was 
given a rating of 2.4 out of 4 and the most 
important cluster according to the respondents 
is the fishing, food processing and aquaculture 
with a score of 2.24.  They also found the 
marine renewable energies cluster for 
development an important one. The least 
important cluster in their opinion was seabed 
exploration. 

 The respondents rightly identified the 
biggest challenges for Mauritius which are; 
technology cost and availability of skills. 
Other challenges identified were the 
conservations and protection of marine 
ecology and biodiversity and the economic and 
legal climate of Mauritius.  

3.3.2 Port sector 

 Regarding existing Port activities, 
83%, 77%, 72% and 73% of the respondents 
selected ship transport, fishing and sea food 
processing, bunkering and storage and 
warehousing respectively. The most 
uncommon option was ship construction as 
they seem to be unaware of this Port activity. 

 According to the respondents, the 
biggest strength for Mauritius is its location, 

followed by its weather conditions and 
economic climate. The biggest weaknesses 
involve land resources, human resources and 
Port infrastructure. 64% of the respondents 
think that the Port does not have the required 
capacity to accommodate future; increasing 
demand of Port activities. 

 Concerning land issues, the highest 
scored solution is revision of existing land use 
planning. Improvement of technologies and 
equipment is ranked highest as far as 
infrastructure is concerned.  Identifying 
labour/ manpower requirements and setting up 
strategies to develop and retain labour/ 
manpower scored same marks. Overall, the 
most important step was thought to be 
attracting local, regional and international 
investors.  

 Overall, the respondents scored the 
Port of Mauritius 2.63 out of a total of 4. 

3.3.3 Labour/ manpower 
requirements of Port sector 

 The most promising jobs identified by 
the respondents are operation manager, 
marine, mechanical, chemical and electrical 
engineer. 

 73% of the respondents perceive Port 
jobs as being attractive, but only 50% were 
willing to work in the sector. 

 The respondents think that Port related 
jobs involve working at sea away from family, 
followed by long working hours. Many were 
also unaware of the types of jobs available in 
the Port sector. 

 Regarding the educational system of 
Mauritius, 85% of the respondents admit that 
marine related topics are not widely taught in 
our educational system and 97% of 
respondents think that study of marine related 
subjects must be encouraged at all levels.  

 To develop, attract and retain labour, 
the highest ranked strategy involves setting up 
training and centres of excellence, providing 
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incentives for Port personnel and offering 
bursaries to students. 

3.3.4 Potential of Mauritius 

 The majority of the respondents think 
that the ocean represents a huge economic 
potential to Mauritius and 76% of the 
respondents found the future of Oceanic 
Development of Mauritius prosperous. 

 As far as Port sector is concerned, 
90% of the respondents found the Port as a 
promising sector to work in. Concerning Port 
development, the majority of the respondents 
rightly opted for public/ private partnership as 
the best funding option for development. 49% 
of the respondent thought that the time frame 
for Port development is from 10 to 15 years. 
Only 13% of the respondents thought that it 
takes greater than 20 years for Port 
Development.  

3.3.5 Hypothesis testing 

 The interest to work in Port related 
jobs was shown to depend on age group, 
educational level and occupation, but was 
independent of gender. 

3.3.6 Perception of respondents 
working in the Port related activities 

 The biggest strengths according to 
respondents working in Port related jobs are 
the location of Mauritius, the quality of service 
and the volume of trade. The biggest 
weaknesses involve human and land resources 
and the highest rated challenges are the 
requirements for increasing capacity of 
existing infrastructure to accommodate bigger 
vessels and the improvement of technologies 
and equipment. The least rated is the 
identification of location to construct a new 
Port. Concerning working conditions, the most 
important factor involves long working hours. 

 100% of people working in port 
related jobs think that the Port is a promising 
sector to work. Most respondents found the 
Port to be an interesting sector to work in. 

Another reason behind willingness to work in 
this sector is good salary. 

 Regarding Port development, 88% of 
respondents consider private/ public 
partnership to be the best option for funding 
Port projects, while only 12% of respondents 
think that projects could take more than 20 
years to be executed. 

4. Recommendations 

Based on the study carried out, 
recommendations are as detailed below: 

 Improving Port Infrastructural 
Development 

 Strategies to attract and retain labour/ 
manpower 

 Marketing strategies to make Port a 
strategic destination 

 General recommendations and future 
studies 

4.1 Improving Port Infrastructural 
Development 

Since the growth of containership size in 
the coming years is almost guaranteed, the 
leaders of shipbuilding and marine logistics in 
the future will be those who optimise and 
apply new initiatives based on an 
understanding of economic efficiency with 
regard to the growth of vessel size. To 
maintain the position, there must be 
continuous monitoring, forecasting, and 
studying of possible strategies. 

Concerning Port Infrastructure of 
Mauritius, the problem of land scarcity can be 
tackled by identifying new area for Port 
Development. For example, the new Port 
location at Albion needs to be studied. 
Moreover, the feasibility study of a pipeline 
supplying fuel connecting the airport and the 
Port at Port Louis needs to be carried out. Port 
Development goes hand in hand with 
modernisation which in turn refers to having a 
solid IT infrastructure. The Port needs to 
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improve its IT system to improve the Port’s 
performance and productivity. 

4.2 Strategies to attract and retain labour/ 
manpower 

 Introducing marine related subjects at all 
levels - primary, secondary and tertiary. 

 Encouraging students to practise swimming 
and diving. 

 Organising training sessions for school 
children to get acquainted with Port related 
jobs. 

 Promoting grants for mentoring, 
networking and transfer of knowledge 
through scientific meetings for early-career 
scientists from developing countries to 
attend scientific meetings. 

 Training in data and information 
management to encourage people to 
participate in courses in developing regions 
and organising distance learning through 
webinars and video conferencing. 

 Organising summer schools to bring 
together early scientists and students  for 
laboratory training, study and modelling 
sessions.. 

 Providing ship-board experience for 
trainees to conduct research. 

 Setting up centres of excellence in 
oceanography training for national and 
international platform. 

 Encouraging alumni networks to promote 
the involvement of young scientists from 
developing countries in regional and 
international research projects. 

 Promoting multi -skilling among their Port 
workers. At ports which have moved to 
highly mechanised systems there, is indeed 
a need for more versatility of manpower, 
and related training to achieve this. On that 
basis they may secure higher income and 
be more resilient to changes in the job 
market. 

 

4.3 Marketing strategies to make Port a 
strategic destination 

 Increasing involvement of private sector 
to improve the handling of cruise 
vessels and passengers. 

 Offering  more attractive Port tariffs as 
marketing strategy 

 Offering associated facilities 
 Advertising and marketing Port in the 

surrounding regions 
 Offering excellent quality service 
 Setting up loans-providing schemes  
  

4.4 General recommendations and future 
studies 

 Development should be done in a holistic 
manner without disrupting the economic, 
social, environment balance of the country. 
Assets must be used in an efficient manner 
and social life of all Mauritians needs to be 
respected. Most importantly, ecological 
principles must be followed to ensure that 
development is not done at the detriment of 
our environment and marine biological 
diversity 

 The Government of Mauritius needs to 
carry out studies to assess the oceanic 
potential of other countries within its 
jurisdiction.  

 As future studies, it advisable to carry out 
detailed technical, financial, risk and 
marketing assessments prior to  

 As future studies, an in-depth survey needs 
to be carried out among the working people 
of MPA and all Port related companies to 
investigate the working conditions in which 
they work. 

 Continuous monitoring, forecasting, and 
studying of possible strategies in 
infrastructure and labour/ manpower must 
be carried out. 
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5. Conclusion  

The development of the Ocean economy in 
Mauritius will have considerable impact on 
other Port services. The following benefits 
have been highlighted: 

1. Independency of the country on food, 
medicines, energy. 

2. Creation of jobs. 
3. Improving  living standards of the 

Mauritians 
4. Income generation by exporting sea 

products 
5. Positive impact on land and sea 

transportation, cargo and Port services 
6. Opening up of new business opportunities 

for sectors like marine ICT and marine 
finance. 

7. Making Mauritius contribute to the global 
village 

8. Strengthening relations with other countries 
9. Making Mauritius an example in the Indian 

Ocean 

Availability of skills and technology costs 
were the impediments behind development. 
According to the respondents, the biggest 
strength for Port of Mauritius is its location. 
The biggest weaknesses involve land 
resources, human resources and Port 

infrastructure. Identifying labour/ manpower 
requirements and setting up strategies to 
develop and retain labour/ manpower scored 
same marks. Among all, attracting investors 
locally, regionally and internationally was the 
highest rated step towards Port Development. 

Long working hours and ignorance about 
Port related jobs were highly highlighted by 
the respondents. Many respondents (97%) 
pointed out that there is a need to include 
marine subjects in the educational system and 
there must be labour/ manpower strategies 
practised. 

The desk study carried out highlighted 
strengths and weaknesses of the Port of 
Mauritius. Similar conclusions were obtained 
as that depicted by the questionnaire survey. 
As far as infrastructure is concerned, the Port 
is aiming at expanding its horizon to be more 
competitive. However, for catering future 
need, the problems remain land scarcity and 
labour to work in the sector. Lack of IT 
improvements was identified. There is a risk 
that the deadline or target of ten years set by 
the Government for Port development might 
not be respected since such projects take much 
time to be implemented. 
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1. Introduction 

Engineering solutions are critically needed in 
the context of climate change which threatens 
the future of humanity as a bare consequence 
of our irresponsible appetite for economic 
growth and short term economic gains. Today, 
we are starting to pay the price for our past 
actions, and the international conferences on 
environment and climate change such as the 
Rio Earth Summit and the COP21 conference 
in Paris have forced us to look back at our 
mode of functioning and to rethink the way 
humanity thrives. 

Environmental awareness has raised many 
new questions about a wider and long term 
vision and the long term impacts of our acts 
and doings, as well as the necessity to be less 
selfish by starting to consider the future legacy 
that we will bequeath to our children in the 
decades and centuries to come. 

The future, our future, starts tomorrow, and 
engineers play a critical role in shaping our 
future by reflecting on the solutions to be 
brought to existing practical problems and by 
creating new and innovative ideas for the 
benefit of society in this challenging context of 
climate change. This context requires a 
complete rethink "out of the box" of the 
technical engineering solutions which we 
currently use in our daily lives for the 
production, conveyance and use of energy, for 
the supply of water, to communicate, move, 
eat and for so many things that we do without 

asking ourselves whether these solutions are 
sustainable. 

The time has come to reflect, rethink and 
innovate to ensure that we do not inherit or 
bequeath a bleak future to future generations, 
and engineers have to put their heads together 
and play fully their role to find and implement 
innovative and sustainable solutions for the 
long term benefit of humanity in these 
troubled times. 

2. Climate Change as a Global 
Challenge  

Climate change represents an urgent and 
potentially irreversible threat to human 
societies and the planet and thus requires the 
widest possible cooperation by all countries, 
and their participation in an effective and 
appropriate international response, with a view 
to accelerating the reduction of global 
greenhouse gas emissions. 

Climate change is a common concern of 
human kind, requiring urgent solutions in 
order to address the significant gap between 
the aggregate effect of Parties’ mitigation 
pledges in terms of global annual emissions of 
greenhouse gases by 2020 and aggregate 
emission pathways consistent with holding the 
increase in the global average temperature to 
well below 2 oC above preindustrial levels and 
pursuing efforts to limit the temperature 
increase to 1.5 oC above preindustrial levels. 

The latest information available indicates that 
the concentration in carbon dioxide (CO2) 
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which is an important heat-trapping 
(greenhouse) gas, which is released through 
human activities such as deforestation and 
burning fossil fuels, as well as natural 
processes such as respiration and volcanic 
eruptions has increased continuously. The 

latest measurements which have been carried 
out in July 2016 indicate an average global 
concentration of 403.99 ppm, a concentration 
never measured since at least 400,000 years as 
illustrated in the following graphs. 

 
Figure 1 shows atmospheric CO2 levels in recent years, with average seasonal cycle removed. 

Figure 1: Atmospheric carbon dioxide concentrations 

Figure 2 : Carbon dioxide levels throughout the Earth’s history 
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Figure 2 shows CO2 levels during the last three glacial cycles, as reconstructed from ice cores. This 
graph illustrates the change in global surface temperature relative to 1951-1980 average temperatures. 
The 10 warmest years in the 134-year record all have occurred since 2000, with the exception of 
1998. The year 2015 ranks as the warmest on record. (Source: NASA/GISS). This research is broadly 
consistent with similar constructions prepared by the Climatic Research Unit and 
the National Oceanic and Atmospheric Administration. 

The time series below shows the five-year average variation of global surface temperatures from 1884 
to 2015. The resulting global land-ocean temperature index has increased by 0.87°C during this 
period, as shown in Figure 3. 

Figure 3: Global land-ocean temperature index 

The resulting arctic sea ice minimum, land ice measurements, and sea level rise have been measured 
and they represent the most direct and tangible effects of climate change. 

Sea level rise is caused primarily by two factors related to global warming: the added water from 
melting land ice and the expansion of sea water as it warms.  

Figure 4 tracks the change in sea level since 1993 as observed by satellites. 

 

Figure 4: Sea level variations during the last two decades 
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Figure 5, derived from coastal tide gauge data, shows how much sea level changed from about 1870 
to 2000. 

 
Figure 5 : Sea level changes during the last century 

These global variations in land-ocean temperature index and sea level rise have had a direct impact on 
small island developing states, including the Republic of Mauritius. 

3. Climate Change in the Republic of Mauritius 

The climate of the South West Indian Ocean (SWIO) small island states is influenced by large ocean-
atmosphere interactions such as trade winds. They are often affected by tropical cyclones and other 
extreme weather. Some of them like the Saint Brandon or the Cargados Carajos Shoals and Agalega 
Islands are threatened by sea-level rise as well. The impacts of climate variability and extreme 
weather events are equally becoming a concern to the Republic of Mauritius, including Rodrigues, St 
Brandon and Agalega.  

 

Figure 6: Erosion at Agaléga. (Photo Credit: Vassen Kauppaymuthoo) 
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Although the greenhouse gas emission level of 
Mauritius is insignificant, warming of our 
climate and its effects on our natural and 
ecological system are unavoidable and already 
palpable. Analyses of temperature recorded at 
Mauritius and its outer islands show a definite 
warming trend. Average temperature at all 
stations is rising at the rate of 0.15 oC per 
decade and has risen by 0.74 – 1.2 oC when 
compared to the 1961-90 long term mean. At 
some urban stations the temperature has risen 
by even greater amounts. 

Similar warming trends have also been 
observed at the outer islands like Rodrigues, St 
Brandon and Agalega. The last two of these 
islands are 1.5 km2 and 70 km2 in area, at 
about 2-5 m above mean sea level at their 
highest point.  At Agalega, the population of 
the islands as at July 2011 was estimated at 
300, while at St Brandon 63 fishermen were 
present on the day of the 2011 census. The 
temperature at Agalega is rising at the rate 
0.11 oC per decade with an average rise of 
0.62 oC during the last ten years when 
compared with the 1961-90 mean. 
Temperature at St Brandon and Rodrigues has 
warmed up by 0.5 – 1.0 oC. 

International Panel on Climate Change 2007 
report concludes that average ocean 
temperature from surface to a depth of 700 
meters has warmed up, though land surface 
temperature has increased more than ocean 
water temperature. 

Sea levels in the southwest Indian Ocean 
based on reconstructed tide gauge data and 
Topex/Poseidon altimeter for the period 1950-
2001 shows a rise of around 1.5 mm/yr at Port 
Louis and 1.3 mm/yr at Rodrigues, (Church, et 
al., 2006). Analysis of Port Louis data for the 
period 1987-2007 gives a mean rise of 2.1 
mm/yr for the last 10 years. This slightly 
higher rise is consistent with IPCC WGII AR4 
conclusions, although longer period of 
measurements are necessary for reliable 
conclusions. 

Warming of the atmosphere has also impacted 
the hydrologic cycle over the southwest Indian 
Ocean. Long-term time series of rainfall 
amount over the past century (1905 to 2007) 
show a decreasing trend in annual rainfall over 
Mauritius. In fact the average rate of decrease 
per decade is around 57 mm. The total 
decrease during the last ten years is about 8% 
when compared to the 1950s. 

 Annual rainfall over the outer islands indicate 
significant variation from year to year but 
long-term analysis do show decreasing rainfall 
trend, though lesser than on the main island of 
Mauritius. 

As mentioned here above, some of the impacts 
of climate change have already been felt 
throughout the Republic of Mauritius. 
However, most of the adverse effects of 
climate change are still to come, requiring an 
innovative approach to foster adequate climate 
change resilience and adaptation. 

4. Engineering as an Essential 
Tool 

The term Engineering is derived from 
the Latin ingenium, meaning "cleverness" 
and ingeniare, meaning "to contrive, devise". 

Engineering is the application of 
mathematics, empirical evidence and 
scientific, economic, social, and practical 
knowledge in order to invent, innovate, design, 
build, maintain, research, and improve 
structures, machines, tools, systems, 
components, materials, and organizations. 

Engineering solutions are applied in our daily 
lives to solve storm water runoff problems, to 
design cyclone resistant structures and to deal 
with building insulation issues. However, 
recent climatic events have caused much 
concern about the reliability of such solutions 
which have been based on past meteorological 
data which may not adequately represent the 
current situation. 
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One of the best examples is the basic storm 
water drains calculations which are normally 
carried out based on a 125 mm per hour 
rainfall including a 25% safety margin – when 
they effectively carried out. Does this figure 
still stand in the context of sudden, erratic and 
unpredictable localized rainfall patterns which 
are said to be linked to climate change? Can 
the population still rely on rigid engineering 
practices in order to be able to solve concrete 
problems such as flooding? The same 
questioning applies to various other problems: 
resistance to wind, the design of bridges, 
coastal structures, and so many other fields of 
expertise where common engineering seems 
more uncertain. 

Climate change triggers instability and 
instability requires innovation. Time has come 
to think afresh about the new engineering 
solutions which need to be tailored in order to 
increase our resilience to the impacts of 
disastrous climatic events and their resulting 
lot of environmental, economic and social 
consequences which are and will be felt 
throughout our society, especially in our 
current context of vulnerable island state. 

5. “Out of the Box” Engineering 
for the Future 

The uncertainties linked to climate change 
have put our world in a state of “climatic 
crisis” and crises have always represented both 
dangers and opportunities at the same time. 
Dangers require adaptation and innovation 
which trigger new opportunities and open new 
avenues. This reasoning applies to the practice 
of engineering. 

Climate change requires a deeper knowledge 
of environmental and climate change issues 
which were not even discussed in Mauritius 
two decades ago. In fact, at that time, 
environment was a field best left for activists 
and NGOs.  

Nowadays, environmental engineering has 
become critical to the survival of humanity, 
and for the resilience and adaptability to the 
adverse impacts of climate change, including 
those specific to our island state of Mauritius 
and its dependencies. 

Some climate change issues have already been 
identified, sometimes some years ago, but 
without any consideration until some major 
devastating event occurred, and the time has 
now come to find engineering solutions in 
order to allow our nation to thrive through the 
21st century successfully, failing which our 
ailing environment would become 
unmanageable with disastrous consequences 
on our people and society. 

6. Innovative Engineering 

Climate change requires engineers to put 
traditional knowledge aside and to start 
forecasting, knowing forcefully that 
forecasting is not a precise science! Moreover, 
engineers have come to a situation where they 
have to find new solutions to allow us to face 
current, foreseeable and unforeseeable 
consequences of climate change such as 
coastal erosion, flash floods, super-storms, 
heat waves in an environment which keeps on 
changing at a rapid pace. 

What is true today may not be true tomorrow, 
and we need to adapt or perish while having to 
take into consideration a long term vision 
exceeding the decennial guarantee. Engineers 
are eventually bound to innovate and be able 
to find quick and reliable solutions in a blurred 
and unforeseeable context. 

Engineering will have to change and adapt 
quickly, putting into question its critical role in 
society: being clever to devise new solutions 
for society in a turbulent world. 

 

  



InstItutIon of EngInEErs MaurItIus

111

 

 

Bibliography 

Church J. A., White N. J., (2006) A 20th century acceleration in global sea-level rise. Geophysical 
Research Letters, Volume 33, Issue 1 

IPCC (2007).  International Panel on Climate Change 2007report . 
https://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr.pdf  

Mauritius Meteorological Services. http://metservice.intnet.mu/climate-services/climate-change.php 

NASA Goddard Space Flight Center. http://climate.nasa.gov 

NASA/GISS). http://www.giss.nasa.gov/ goddard Institute for Space Studies  



112

InstItutIon of EngInEErs MaurItIus



InstItutIon of EngInEErs MaurItIus

113

CLIMATE CHANGE: PLANNING 
INFRASTRUCTURE FOR RESILIENCE  
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An infrastructure network that is resilient to today’s natural hazards and prepared for 
the future changing climate.           (U.K’s Government’s vision) 
 
In designing buildings and communities, it is important to plan for the climate 
throughout the design life of the development, not just for the current climate. 
                                                                                         (Greater London Authority) 

 
 

1. Introduction 
 

February 1960 was marked in Mauritius by 
the cyclone Carol, when practically half of the 
buildings, houses in Mauritius were severely 
damaged. The St. Jean church (Quatre Bornes) 
found its roof on the ground. At the same time, 
a donkey breeder in Le Morne peninsula found 
his herd of donkeys washed away with a 
sudden wave surge inland. As a result, 
gradually all the houses (formerly made of 
timber and corrugated iron sheets or often with 
thatched roofs) began to look towards concrete 
versions. 

In 2013, as a result of heavy rainfall, two 
major floods occurred in Port Louis on 13th 
February and 30th March, the latter being more 
severe. On both occasions, Place d'Armes and 
the Caudan area were submerged. Even the 
floor of the Port Louis museum was covered 
with some 50-60 cm of water. 

Around the island, at Le Morne, Flic en 
Flac, Grand Baie, Belle Mare, the roads are 
built on sand. No doubt, a very suitable, 
compact foundation material for road 
construction. There are also many other places 
where sand can be found inland (Tamarin, La 
Prairie, just to name a few) at levels of 4 
metres amsl. However, this means that, at 
some time, a few thousand years or more ago, 
the sea came up to these places. Climate 
change has been taking place since the 

beginning of life on Earth. If the sea was there 
a few thousand years ago, well, we can wait 
another few thousand years, before the reverse 
happens again. 

Not so, say the Climate Change 
proponents. Not only can catastrophic events 
happen (the extinction of dinosaurs), the 
yearly rainfall over California rose to 38.18 
inches (the average for the period of 1877 to 
2016 (139 years) is 14.77 inches) following 
the eruption of Krakatoa in 1883, heavy rains 
in 1960 and 2013 in Mauritius – not to speak 
of other times, but the climate change 
indicators (average air temperature, carbon 
dioxide levels, etc. seem to show that the 
change in the reverse direction – at least in the 
present decades and century – is taking place 
much faster.  

In that sense, we do have to worry about 
the impacts of Climate Change on 
Infrastructure. Leaving  a seaside bungalow as 
inheritance to our grandchildren may have all 
good intentions, but if getting there, involves 
wading on a submerged road to find a 
swimming pool within four wall under a roof, 
surely there has been some bad planning. It 
has been said that we can only address 
sustainable development by safeguarding 
development for the next and successive 
generations, by bequeathing a comfortable 
infrastructure to the next generation which it 
can build upon: this is the principle of 
intergenerational equity. 

 Table 1 shows the categories of infrastructure on which the population depends for everyday life. 
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Table 1: Different categories of infrastructure in a country 
Category Details 

Transportation Roads, bridges, tunnels 
Airports, helipads, ground facilities, air traffic control 
Seaports, dry docks 
Mass transit (monorail, trams, bus, platforms, stations) 

Water 
Wastewater 

Water supply (pumping stations, treatment plants, service reservoirs, trunk mains, 
boreholes, mechanical/electrical equipment) 
Structures (weirs, dams, impounding reservoirs, tunnels, aqueducts) 
Irrigation water distribution (rivers, canals, weirs, gates) 
Sewerage (sewerage pipes, septic tanks, treatment plants) 
Stormwater drains (roadside gutters and drains, canals) 

Waste 
Management 

Solid waste (transport, landfills, transfer stations, recycling facilities) 
Hazardous waste (transport, storage facilities, treatment plants, security) 
Nuclear/radioactive waste (transport, storage facilities, security) 

Energy Hydroelectric plants (turbines, penstock, surge tower) 
Thermal plants (gas, oil, coal fuelled power generation) 
Gas pipelines (gas production at landfills, storage tanks) 
Petroleum/oil distribution (pumping stations, truck or pipe transport, storage tanks) 
Renewable energy (infrastructure for solar power, wind power, biofuels) 
Electric power distribution grid networks 

Buildings Public buildings (hospitals, schools, government offices, police stations, fire stations, 
prisons, parking structures) 
Other buildings (public, residential, commercial, multipurpose complexes) 
Public and private housing facilities 
Industrial, manufacturing, warehousing and supply chain facilities 

Health Public and private health facilities (hospitals, clinics) 
Teaching and Research hospitals 
Private nursing homes 

Recreation  Parks and playgrounds (roads, parking areas, recreational facilities, office buildings, 
swimming pools, picnic areas) 
Lake and water sports (roads, parking areas, picnic areas, fishing facilities) 
Theme parks/casinos (access roads, buildings, restaurants, security facilities) 

Communication Telecommunication networks (land telephone/optic fibre networks, telephone 
exchange stations, cable distribution, power supplies, data processing centres, 
buildings, transmission towers) 
Television cable networks 
Wireless/satellite networks 
Information technology (IT) infrastructure networks (cable distribution, computer 
networks, backup and recording mediums, cloud computing infrastructure). 

 
Infrastructure, as detailed above, has several 
common qualities:  
• Most infrastructure assets show some 

aspects of a public good, exhibiting some 
qualities of jointness and nonexclusivity in 
the provision of benefits, if not always in 
costs. As a result, infrastructure may be 
subject to the same free rider pitfalls as 
many other public goods. 

• Infrastructure assets, need not have an 
independent, intrinsic market value, and 
may not have been constructed to generate 
profits. However, they have value as an 
input in many production chains. 

• Infrastructure is generally long lived, but 
requires periodic maintenance and eventual 
replacement. Unfortunately, basic 
maintenance and repair of infrastructure 
has usually received low public priority and 
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lesser regular funding, resulting in 
infrastructure being even more vulnerable 
to climate induced damage. 
 
Infrastructure systems are vulnerable to two 

combined threats. One is from extreme 
weather events (heavy rainfall, strong winds, 
cyclones, droughts, etc.), which occur 
regularly in the current and in the future 
climates, even though likelihoods and 
intensities will be modified. The second threat 
is from long-term climate change, which 
influences average weather conditions, and 
thereby can reduce infrastructure service 
quality, quantity or reliance, and can require 
infrastructure retrofit. In the current situation 
of a changing climate, infrastructure resilience 
should be understood in these two dimensions, 
which are closely interlinked. 

 
In UK, the Parliament has voted the 

Climate Change Act 2008 which aims to 
enable the country become a low-carbon 
economy and gives ministers powers to 
introduce the measures necessary to achieve a 
range of greenhouse gas reduction targets. An 
independent Committee on Climate Change 
has been created under the Act to provide 
advice to the Government on these targets and 
related policies. A very noteworthy initiative, 
which could be imitated here. 

 

2. Climate Change Variables 
The climate change variables that need to 

be examined are: 
 

• Annual average relative humidity  
• Annual rainfall  
• Extreme daily rainfall, influencing flood 

levels  
• Extreme maximum temperature, and 

length of hot spells  
• Available moisture, which is influenced 

by changes to evaporation rates and 
levels of rainfall  

• Variation in wet and dry spells, 
affecting water tables and surface and 
subsoil inundation cycles 

• Fire-weather frequency and intensity  
• Sea level rise 
• Solar radiation levels and exposure  
• Intensity of extreme winds  

 
2.1 Climate change impacts on 
infrastructure sectors  

 
There is a growing understanding of the 

potential impacts of climate change on 
infrastructure, but more detailed assessments 
will be required to develop adaptation 
responses. A few possible impacts on a few 
infrastructure categories have been highlighted 
in Table 2. Other impacts may be added to the 
other categories. 

 
2.2  Exposure and Vulnerability of 
Infrastructure to Climate Hazards  

A number of factors (both climatic and 
non-climatic) determine the sensitivity of 
infrastructure to climate hazards. There are at 
least three main factors, namely: age, 
composition and design, both interdependent 
and influenced by other social and economic 
factors.  

Age. Old and overextended infrastructure is 
more likely to be prone to the negative impacts 
of climate change. All other factors remaining 
constant, (ceteris paribus), older infrastructure 
is, in general; most vulnerable than new ones. 
Thus, a new building will be less affected by 
climate hazards than an older building that has 
aged and deteriorated over time. But through 
proper maintenance and repairs, the Eiffel 
Tower is still standing more than a century 
after its construction. All parts of the tower 
were over-designed to ensure maximum 
resistance to wind forces. Surely, some 
foresight about climate change!. 

The high costs associated with aging 
infrastructure maintenance and replacement in 
Mauritius will likely only increase in the face 
of climate change.  
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Table 2: Possible impacts of climate change on infrastructure 

Category Possible impacts 

Transportation • Soil instability, ground movement and slope instability  
• Triggered instability of embankments and pavement structures (ditches, 

culverts, drains, street    hardware, bridges, tunnels)  
• Increased frequency, duration and severity of: thermal cracking, rutting,  
• Pavement softening  
• Reduction in the maximum loads that can be safely transported  
• Asphalt-covered surfaces are more susceptible to damage during heat waves  
• Longer construction season, fewer pothole repairs  
• Changes to maintenance schedules  
• Capacity of culverts and storm sewer systems are more frequently exceeded; 

road damage, bridge washouts, underpass and basement flooding, increased 
repair bills and insurance costs  

• Causeways, bridges and low-lying roads have a high risk of being inundated or 
damaged.  

• Coastal roads may be required to be moved or be rebuilt at higher elevation to 
avoid or reduce flooding 

Water 
Wastewater 

• Increased water demands and pressure on infrastructure  
• Water allocation issues  
• Loss of potable water  
• Increased water quality problems  
• Increased risk of flooding  
• Dam failures  
• Breakdown of drinking water pipes  
• Increased turbidity and sediment loads in drinking water  
• Saltwater intrusion in groundwater aquifers  
• Water-borne health effects from increased flooding  
• Volatilization of toxic chemicals  
• Summer taste/odour problems in municipal water supply 

Energy • Increased frequency and intensity of extreme events may damage electricity 
transmission infrastructure and service. Increased wind and lightning could 
also damage transmission lines and structures. Extreme rainfall events could 
flood power substations. More storm activity would increase the cost of power 
and infrastructure maintenance and lead to more, and longer, blackouts and 
disruption of services. 

• Coastal and electricity infrastructure is at risk of significant damage and 
increased shut-down periods from increases in storm surge, wind, flooding and 
wave events. Sea level rise would worsen these impacts.  

• Increased ground movement and changes in groundwater are likely to 
accelerate degradation of power generation foundations, as well as of 
transmission lines, and oil pipelines.  

• Extreme heatwave events are likely to increase in frequency, generating an 
increase in the peak demand for electricity for air conditioning.  

• The anticipated decrease in annual rainfall may reduce the power supply 
capacity of hydroelectric dams and the water supply necessary for cooling of 
coal-fired power stations for power generation. 



InstItutIon of EngInEErs MaurItIus

117

Buildings • Soil subsidence and buckling can damage a property’s foundation 
infrastructure.  

• Building damage has sometimes been observed when clay soils dry out.  
• Increased indoor air temperature and reliance on cooling systems  
• Reduced structural integrity of building components through mechanical, 

chemical and biological degradation  
• Accelerated deterioration of building facades  
• Decreased durability of materials  
• Increased efflorescence and surface leaching concerns  
• Increased corrosion  
• Increased mold growth 
• Damaged or flooded structures  
• Slope stability and integrity of engineered berms are also vulnerable to 

extreme precipitation.  
• Increased risk of basement and localized flooding  
• Increased corrosion in metals or deterioration in concrete  
• Reduction of design safety margins  
• Reduced service life and functionality of components and systems  
• Increased risk for catastrophic failure 
• Increased repair, maintenance, reserve fund contingencies and energy costs  

Communication • Increased frequency and intensity of extreme wind, and  lightning may cause 
significant damage to above-ground transmission lines and associated 
infrastructure.  

• Heavy rains will affect access holes, pits and other underground 
telecommunications facilities.  

• Increased strong winds may result in a significant rise in the cost of 
telecommunications supply and infrastructure maintenance associated with 
increased frequency and length of network outages and disruption of 
communication services.  

 
Composition. The sensitivity of 

infrastructure assets to climate hazards is 
certainly influenced or affected by materials 
used in the construction and maintenance of 
various types of infrastructure. With the 
passage of time, as materials age, their 
properties do change, either due to stresses 
during use or even because of nonuse. The 
context of climate variability and change 
compounds this susceptibility of materials to 
natural breakdown and weathering over time.  

The types of material used in their 
construction, also affects the exposure of 
infrastructure to more incremental climatic 
changes. For example, as Mauritians who have 
been able to transit through buildings made of 
straw/grass, timber, corrugated iron sheeting, 
or concrete can attest, the ability of structures 

to provide passive cooling in increasing 
average temperatures varies from one 
conventional building material to the next.  

Design. The design of infrastructure relies 
on the historical climate data and usual 
assumptions, governing the discipline. 
Generally, there is no consideration of an 
expected increase in frequency and intensity of 
climate hazards or new climate hazards. For 
example, drainage infrastructure may need to 
be larger to accommodate increased water 
flow. Seawalls built higher to protect against 
storm surges and sea-level rise, may be useful, 
but could they act as a well design trap, if the 
sea does get inside.? Climate considerations in 
design are important not only to improving 
resilience to climate hazards and incremental 
climate change, but can also positively 
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contribute to reducing greenhouse gas 
emissions. For example, green roofs can 
contribute to the passive cooling of buildings 
and more effective rainwater management 
while simultaneously reducing energy usage 
and costs. Although these may represent 
higher upfront costs, investments in more 
resilient design can help avoid larger future 
costs (in terms of maintenance, repair and 
replacement). Significant changes to building 
codes or other standards have yet to be made 
or applied.  

The vulnerability of the infrastructure 
sector to climate change is also defined by the 
capacity of the particular sector to adapt by 
minimizing adverse impacts and maximizing 
positive ones (i.e., the sector’s adaptive 
capacity). Various policies, regulations, 
standards and market mechanisms play a key 
role in defining this adaptive capacity, but 
increasing infrastructure resilience requires 
much more than just policy, legal or market 
responses.  

2.3  Frequency or return period to be 
considered 

Can we rely on historical climatic data to 
carry out our design? Can we still use the 

standards that are prescribed or advised by 
“outdated” codes or “state of the art” practice? 

The risk that failure of such a structure 
occurring during its design life has been 
explained as follows:  

Let P be the probability of the occurrence 
of an event, 

1 – P   = probability that the event 
will not occur 

(1 – P)(1 – P)   = probability that the 
event will not occur in two successive years. 

(1 – P)(1 – P)(1 – P)  = probability that the 
event will not occur in three successive years. 

(1 – P) N   = probability that the event 
will not occur during a span of N successive 
years. 

Hence, the risk, R or the probability that 
the event will occur during a span of N years 
is given by, 

                            R = 1 – (1 - P) N 

The probability P is given by P = 1/Tr. 
Table 3 shows, for return periods Tr and 
various spans of years N, the risk R that a 
flood with certain return period will be 
equalled or exceeded during periods of span N 
years. 

Table 3: Risk R, that a flood of a given return period will be equalled or exceeded during 
periods of various lengths. 

 
Return 
Period 

 

Risk R for various spans of N years 

5 10 30 50 75 100 200 500 

1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
5 0.67 0.89 1.0 1.0 1.0 1.0 1.0 1.0 
10 0.41 0.65 0.96 0.995 1.0 1.0 1.0 1.0 
25 0.18 0.34 0.71 0.87 0.95 0.98 1.0 1.0 
50 0.10 0.18 0.45 0.64 0.78 0.87 0.98 1.0 
100 0.05 0.10 0.26 0.40 0.53 0.63 0.87 0.99 
500 0.01 0.020 0.058 0.095 0.14 0.18 0.33 0.63 

1,000 0.005 0.010 0.03 0.049 0.072 0.095 0.18 0.39 
5,000 0.001 0.002 0.006 0.010 0.015 0.020 0.039 0.095 
10,000 0.0005 0.001 0.003 0.005 0.0075 0.0099 0.020 0.049 

 

  



InstItutIon of EngInEErs MaurItIus

119

Rainfall frequency and intensity records 
can be used to estimate the magnitude of rains 
and the ensuing flood flows. In this respect, it 
is important to note that there is a 26 % 
probability that a 100 year rain will occur 
during the next 30 years (a generation). 

In practical terms, this means that each 
generation has a 1 in 4 chance of experiencing 
flooding, even if an exceptional rainfall 
intensity of 100 year has been considered. 
Over a 75 year lifetime, the likelihood rises to 
0.53, i.e., the average person has a 1 in 2 
chance of experiencing flooding during his 
lifetime. This is without even considering 
climate change! 

Is the population ready to accept this? 

Even if a higher return interval (e.g. 1,000 
years) is taken, it is found that there is 7.2 % 
chance (not to be neglected as being small) 
that a 1,000 year flood will occur during a 75 
year span – a man’s lifetime. 

It can be noticed that the risk that an event 
is reached or exceeded for a certain span of 
time, decreases with an increase in return 
period. This result is often used in the design 
of huge structures. There is also an increase in 
cost by considering the design of a structure 
for a long return period. However, this should 
be done to be safe from calamities causing loss 
of life and property. 

Many Codes of Practice indicate that one of 
the reasons for choosing a return period of 50 
years has been that the average lifetime of 
most buildings and structures is near 50 years. 

This may have been true at one time. There 
are, however, other factors which need to be 
considered: 

(1) the use of better materials has increased 
the lifetime of the buildings and structures. 
Similarly, the corresponding drains or bridge 
culverts will have a longer life. 

(2) why should any owner, demolish his 
building after 50 years, if it is still serviceable? 
The Eiffel Tower was built in 1889, to be 

demolished just after the Universal Paris 
Exhibition. It is still standing and being 
regularly maintained. We have not yet seen 
any drain being demolished to be enlarged, 
except when they have really been shown to 
be inadequate. Even if a local authority tried to 
do so, it very likely that adjoining structures 
would prevent this. 

There so many cathedrals and nearby 
bridges built in the eighteenth century in 
Mauritius (thirteenth century in Europe) still 
standing today. Would any present day 
designer still consider a 50 years lifetime for 
such monuments? 

(3) the cost of demolition becomes so high 
that the owner is likely to push the time limit 
before he has to really bring down the 
structure.. 

If these factors are considered, what return 
period should be considered?  

In dam hydrology, the notion of maximum 
possible flood (return period of 10,000 to 
50,000 years, depending on authors) has made 
its appearance, for exactly the same reasons – 
the possible danger to human life. 

It might be argued that with only some 100 
years data or, in most cases, even less, it is 
difficult to make predictions (or wild guesses) 
about 10,000 years recurrence intervals. But, if 
a bridge culvert or drainage channel is needed 
now – nobody will wait to collect another 50 
years of rainfall data. 

3. Approaches and 
Mechanisms to Support 
Climate Resiliency  

3.1  Approaches 

As governments and private sector 
stakeholders begin to better understand not 
only the potential costs associated with climate 
change and the necessity for adaptation, but 
also the broader opportunities for and co-
benefits that could be associated with 
proactive measures, some strategic thinking 
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has started on the proper lines. Many have 
realised that the adaptive capacity of various 
infrastructure is directly shaped by the extent 
to which policies, regulations and other market 
mechanisms support and incentivize actions 
that build climate resilience. There are four 
key levers of action:  

1. Current Government Policy Responses 
and Related Tools. This includes a review 
of the status of enabling adaptation 
frameworks and funding. 

2. Codes, Standards and Related 
Instruments (CSRIs). The extent to which 
national building codes and other standards 
support climate resiliency, and the 
integration of climate considerations into 
infrastructure planning.  

3. Markets, Financial Incentives and 
Liability Rules. The private sector, and in 
particular the insurance (and reinsurance) 
industry, also has a key role to play.  

4. Industry Responses. Actions taken by key 
industry actors in shaping responses to 
sustainability challenges more broadly, and 
the linkages being made to adaptation and 
climate resilience specifically.  

3.2 Vulnerability Approach 

Throughout history, communities have 
always adapted to climate and weather by 
making adjustments for existing climate 
variability and extremes, either through 
nomadic travel or through technology. With 
climate change, adaptation requires both 
adjustments to present climate as well as to 
future climates. Climate change research 
involves innumerable uncertainties and 
estimations. Our understanding of climate 
processes, the interacting scientific and 
socioeconomic variables that influence climate 
change, and the unknown future societal 
responses to climate change, is incomplete. 
This makes it extremely difficult to predict 
future climate scenarios and the impacts of 
those conditions on infrastructure. 
Determining climate change adaptation 

strategies, with these uncertainties, is a 
difficult and complex exercise. Furthermore, 
climate change impacts and adaptation are 
dynamic systems, changing over time. Thus, 
adaptation strategies should inbuild an 
iterative procedure.  

Researchers have developed numerous 
tools and approaches for assessing adaptation 
options. While climate scenarios may be used 
as the starting point for determining potential 
impacts and adaptive responses, today, experts 
are proposing a new approach for adaptation 
policy development – the vulnerability 
approach. The vulnerability approach is an 
iterative process involving five steps: 

1. engage stakeholders; 

2. assess current vulnerability; 

3. estimate future conditions; 

4. estimate future vulnerability; and 

5. assess and implement options 

In the usual climate scenarios assessment 
method, the starting point is average climate 
conditions. However, the starting point for a 
vulnerability assessment is the system (e.g., 
community, region or sector). Thus, a strong 
foundation of knowledge is built related to an 
area and its vulnerability before laying future 
climate scenarios over that matrix, and in this 
way the high degree of uncertainty associated 
with the old approach is reduced. Another 
advantage is the issue of scale, as climate 
scenarios often provide information on a 
global or large regional scale, while 
vulnerability assessments can be carried out on 
a much smaller scale.  

The vulnerability approach uses the 
vulnerability concept, defined by the 
Intergovernmental Panel on Climate Change 
(IPCC) as “the degree to which a system is 
susceptible to, or unable to cope with, adverse 
effects of climate change, including climate 
variability and extremes.”  

To summarise, the vulnerability approach 
considers not only the impacts predicted by 
climate scenarios and socioeconomic 
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scenarios, but also a system’s capacity for 
coping with those impacts. 

A community that is able to adapt to 
serious climate change impacts may be less 
vulnerable (i.e., more resilient) than a 
community that experiences fewer or less 
severe impacts but has no capacity to 
implement change. The ability to adapt is 
often dependent upon social and economic 
factors including the will to adapt, which is 
one reason why stakeholder participation is a 
key element in the vulnerability approach: by 
engaging stakeholders, planners gain a better 
understanding of what adaptation options may 
or may not be implemented successfully 
within a given system. Thus, the vulnerability 
approach provides a comprehensive and 
systematic framework for climate change 
adaptation that enables decision makers to 
establish priorities and manage risks despite 
the uncertainties associated with climate 
change.  

By definition, infrastructure is built to last 
for some time, from decades to centuries, thus 
probably, negatively influencing its 
adaptability to change. For example, most 
infrastructure typically require reconstruction 
or major upgrades every 50/00 years or even 
after a longer time, and we tend to forget that 
any maintenance is required until it is nearly 
too late. These life spans create a significant 
barrier for climate change adaptation: it is 
often, economically and logistically, 
impossible to replace such structures. For 
infrastructure with long life spans, expected 
changes in climate may occur considerably 
earlier during the expected service life, 
possibly forcing expensive reconstruction, 
retrofit or relocation. Therefore, change 
adaptation should become an important 
element of infrastructure design. 

New methodologies such as the 
vulnerability approach will help overcome 
obstacles such as uncertainty. Although there 
will always be some uncertainty in climate 
change research, this uncertainty about the 
nature of future climate change should not 

serve as an excuse for delaying adaptation to 
climate change, but rather help to focus on 
adaptation measures that could help address 
current vulnerabilities.  

3.3  Increasing resilience 

There are several objectives behind a 
strategy to increase resilience. In particular, 
resilience against events of different return 
periods can be estimated: while the ability to 
cope with extreme weather events (like 
cyclones, floods, or droughts) can be denoted 
as short-term resilience”, long-term resilience 
is the ability to cope with longer term changes 
in environmental conditions (like gradual 
climate change or soil deterioration). Of 
course, short-term and long-term resilience are 
closely linked. The need for retrofitting due to 
changing environmental conditions can arise 
because new conditions reduce the short-term 
resilience or because extreme events- such as 
heavy rains, droughts, or strong winds - 
become more frequent. 

Many options can be implemented to 
increase short or long term resilience (or both). 
These options are sometimes synergetic (they 
increase both short term and long term 
resilience) or conflicting (there is a trade-off 
between short term and long term resilience). 

Long term resilience is linked to immediate 
reliability, i.e. the ability of the infrastructure 
to deliver services in a continuous and reliable 
manner in normal conditions in the current 
climate. Many existing infrastructure are 
indeed inadequate in the current climate, and 
are therefore unreliable. This is the case for 
instance for some networks which need to be 
cut off during cyclones, droughts or at other 
odd hours. The number of hours per year (or 
per day) electricity these facilities are 
unavailable give an indication of infrastructure 
reliability in the particular sector.  

Here, these objectives should be considered 
in an integrated framework, whereby, 
increasing infrastructure resilience means:  
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• reducing the expected average 
multidimensional cost (i.e. the expected 
cost for any given year, measured along 
the various indictors, and averaged over 
the probability of various possible 
perturbations) of infrastructure 
perturbations, repair and reconstruction 
(caused by natural disasters or other 
causes) or  

• reducing the likelihood of unacceptable 
multidimensional cost of infrastructure 
perturbations, repair and reconstruction 
(i.e. the probability for the consequences 
of perturbations to exceed a politically-
defined acceptable threshold) [short-term 
resilience].  

• implementing options to reduce future 
cost (financial investment plus non-
financial costs like institutional changes) 
of infrastructure retrofit, and/or to reduce 
the likelihood of inacceptable retrofit 
costs [long-term resilience].  

These costs (both short- and long-term) and 
the cost of increasing resilience can be 
measured using different “dimensions”. 
Although, it is sometimes possible to integrate 
many costs using monetary metrics, and to use 
cost-benefit analyses , many dimensions are 
difficult to express in a monetary unit. It is 
therefore also useful to use a multi-criteria 
approach to make widely-accepted decisions 
on these aspects.  

The factors/dimensions to be taken into 
account are first split at a high-level into 
inputs necessary to implement a policy option, 
split into two further dimensions (or criteria)  

(a) public financing needs, and  
(b) implementation barriers  
and outputs illustrating possible impacts of a 
policy option, split into  four dimensions to 
describe the outputs of the policy:  
(a) the environmental dimension,  
(b) the economic dimension,  
(c) the social component, and  
(d) the political and institution dimension. 

Considering long term resilience and 
climate change, the assessment is conducted 
here assuming that retrofit will be done if 
necessary. So, the consequence of climate ill-
adaptation of infrastructure can be measured 
by the retrofit cost only (not by the 
consequences of the ill-adaptation). For short 
term resilience and extreme events, the 
assessment has to take into account both the 
cost of repair and reconstruction and the cost 
of infrastructure service perturbation.  

Each of these costs is uncertain and has a 
random component, including the climate 
change uncertainty and socio-economic 
development uncertainty. This issue is 
approached consistently with the general 
guidelines. In general, however, policies 
aiming at increasing resilience are less 
dependent on scenario details than other 
strategies. 

The socio-economic development 
uncertainty arises from socio-economic trends 
at local and global scale, the future of energy 
prices, the existence of climate policies, etc. 
Following the analysis “boundary conditions”, 
there are three main options:  

(i) full socio-economic modelling of 
the world and regional 
development;  

(ii) use a collection of existing socio-
economic scenario for the world 
and the region; 

(iii)  use the scenario(s) that is used by 
planning agencies in the region.  

In general, consistency in infrastructure 
development is crucial and it is suggested to 
favour/use the third possibility for local 
scenarios, when possible. Otherwise, the 
choice between the first or second solutions 
depends on the availability of scenarios. At 
global scale, therefore, many scenarios are 
available and the second solution may be 
preferred. At local and global scales, these 
scenarios should be chosen making sure that 
they cover a large range of possible futures. 



InstItutIon of EngInEErs MaurItIus

123

The minimum is to use two contrasted 
scenarios, with differences for the most 
important parameters (e.g., a rapid v/s. a slow 
population rise).  

The climate change uncertainty arises from 
the uncertainty on future greenhouse gas 
emissions (which depends on the previous 
uncertainty), and on the response of the 
climate system to these emissions. Here, it is 
recommended to build scenarios from existing 
and published climate scenarios. The choice of 
the scenarios should be made in order to cover 
the large range of possible futures. For 
instance, it is useful to have a scenario with 
limited warming and a scenario with large 
warming. Where rainfall projections diverge, 

one scenario with increasing rainfall and one 
scenario with decreasing rainfall should be 
used.  

The different scenarios can be aggregated 
in different ways. For future climates, it is 
impossible to assess the likelihoods of various 
scenarios, and using only model results may 
lead to an underestimation of the uncertainty. 
It may be preferred, therefore, to combine a 
middle-range scenario with a worst-case 
scenario. The middle-range and worst-case 
scenarios can be selected by experts, from 
existing scenarios in the region. 

 

 
3.4  Suggested policies to increase infrastructure resilience  

The different dimensions of resilience on which action is possible are given in Table 4.  

Table 4: Characteristics which influence resilience 

Characteristic Wrt Event Reason 

Robustness Ex-ante 
In the design or retrofit phase, to increase infrastructure 
resistance to extreme events or impacts. 

Redundancy Ex-ante 
In the design or retrofit phase, when increasing redundancy 
options might be cheaper than increasing robustness options.  

Reliability Ex-ante 
In the design or retrofit phase, so that infrastructure is reliable 
under all conditions, even extreme events. 

Resourcefulness 

Ex-ante 
Resourcefulness can be increased through preparedness and 
recovery service organisations, to restore infrastructure 
performance. 

Ex-post 
Depends on decisions (e.g., through distribution of available 
resources in post-disaster situations), to restore infrastructure 
performance. 

Rapidity 
(Response and 
recovery) 

Ex-ante 
Rapidity can be increased ex ante (e.g., through design 
changes, preparedness, and recovery service organisation), to 
overcome disruption and to restore infrastructure performance. 

Ex-post 

Depends on decisions (e.g., through distribution of available 
resources in post-disaster situations), ), to overcome disruption 
and to restore infrastructure performance. 
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In practical terms, policies can be organised 

in five main categories: 

1. Information-based policies: to increase 
infrastructure resilience, stakeholders need to 
have the information on natural risks, and on 
how these natural risks are changing because of 
climate change. Since information is in most 
cases a public goods, there is a role for the 
governments to create this information – for 
example climate data should be freely 
available, instead of being kept as a national 
secret by a few, impossible to access and use by 
many..  

2. Regulation-based policies: in most cases, 
stakeholders involved in infrastructure design, 
construction, or operation have to follow strict 
regulations. Often, they do not even consider 
natural risks directly, but they do so by 
respecting regulations. This important role of 
regulations makes them a major tool to improve 
infrastructure resilience. All regulations need to 
be adapted to take into account climate change, 
and the resulting change in natural risks. In 
addition to technical standards, it may also be 
necessary to adapt procedural standards, e.g., 
making a vulnerability/robustness study in view 
of climate change mandatory for public and 
private civil engineering works. From a more 
general point of view, facilitating adaptation 
may also involve the modification of other 
standards not directly linked to climate risks 
but that have an impact on adaptability. In the 
case of long-term fixed capital, architectural 
and development standards therefore play a 
critical role. By examining possible changes in 
these standards, decision-makers face the 
challenge of distinguishing between the aim of 
facilitating adaptation to climate change and 
other objectives to which these standards 
correspond, such as the protection of urban 
landscapes or risk management linked to open 
spaces.  

 

3. Market or Incentive-based policies: public 
policies aim at promoting resilience in 
infrastructure design, construction, and 
operation. There are some trade-offs, however, 
between infrastructure resilience (i.e., their 
ability to cope with changes or extremes) and 
their efficiency in normal times. For instance, 
redundancy increases resilience (having two 
bridges create more resilient than a single 
bridge ), but also increases costs. In most cases, 
therefore, there is little incentive for 
infrastructure managers to increase resilience, 
as everyday cost pressure dominates. Policies 
can be implemented to recreate an incentive to 
promote resilience. For instance, in public-
private partnerships, penalties can be 
introduced if infrastructure reliability is not 
sufficient (e.g., a fine to the infrastructure 
operator if service is suspended more than a 
given number of hours each year). Also, 
increases in reliability can be rewarded with 
subsidies.  

4. Institution-based solutions: In the event of 
a disaster or crisis, an emergency response 
often requires means beyond those of the 
region or country hit. It is therefore useful to 
pool these emergency means, as European 
countries do, for example, to fight forest fires. 
Adapting crisis management systems is one of 
the "no regret" measures that contribute to 
adaptation to climate change since they can 
generally be justified by existing natural risks, 
even in the absence of climate change.  

5. Direct investments: government and local 
authorities are major investors in infrastructure 
(possibly through public-private partnerships). 
Additional investments may be required to 
increase infrastructure reliance and resilience. 
Among other solutions, there are:  

(i) investments to retrofit existing 
infrastructure;  

(ii) additional costs of new infrastructure to 
increase their resilience;  

(iii)investments to duplicate infrastructure and 
augment redundancy and resilience. 



InstItutIon of EngInEErs MaurItIus

125

3.5  Examples of policy options  

Infrastructure resilience, once identified, may 
be provided in many forms both to old and new 
systems. The following is a non exhaustive list: 

• Increased infrastructure robustness to 
extreme events (drainage systems able 
to cope with higher extreme runoffs).  

• Change in building norms for buildings 
and infrastructures (e.g., all new 
buildings should be made able to cope 
with well estimated cyclonic winds, 
and built well above ground level)  

• Retrofit program to make all buildings 
and infrastructure more robust (e.g., all 
(new and old) buildings should be 
made able to cope with cyclonic winds)  

• Systematic information to investors 
about long-term natural risks where and 
when they build infrastructure.  

• Implementation of forecast and early 
warning system to prepare before 
extreme events. 

• Include  redundancy in the network 
structure (e.g., build two smaller 
bridges instead of a large across a river; 
or multiply the electricity network 
high-voltage lines)  

• Organize emergency response to 
extreme events (e.g., implement a 

system to mobilize retired workers at 
electricity providers to speed up 
recovery, create special work permits 
for foreigners to help reconstruct).  

• Avoid developing infrastructure in 
potentially at-risk areas (e.g., in flood 
plains or in low-lying coastal areas), to 
avoid promoting investment and 
settlement in these areas.  

• Strategic retreat, i.e. infrastructure 
removal in high-risk areas, and 
environment restoration (e.g., 
restoration of wetlands and mangroves)  

4.  Conclusion 

The spirit of sustainable development 
requires that intergenerational equity be 
carefully addressed. Given the constraints of 
planning and the lifetimes of infrastructure 
facilities, and the uncertainty accompanying 
climate change predictions, it is judicious that 
constructive action be started in due course. 
The foregoing has highlighted the possible 
impacts of extreme climate conditions on the 
behaviour of infrastructure systems. A few 
examples of increasing resilience have also 
been presented. However, it may be useful to 
reinforce these actions through legislation 
similar to the Climate Change Act 2008 of the 
UK. 
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