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Background

In view of the current economic crisis, our team aims to come up with an effective way to cut costs for the National University of Singapore (NUS).  Cost- cutting can be implemented on many different aspects be it wages to all staff, maintenance of the present facilities on campus and building of new facilities.  From our research, it has been found that utility costs are the highest among the other costs incurred.  These costs refer to the usage of electricity and water.  Being electrical engineering students, we narrowed our study to the cutting of electricity costs on campus. 

Introduction
In this proposal, we introduce the use of solar energy, through a solar power system, to complement conventional energy obtained from Singapore Power.  This method will result in the gradual reduction of conventional electricity usage, offset by a gradual increase in solar power usage, instead.  Due to reduced reliance on the local power station, a means of cutting costs would result and its effects can be seen in the long run of approximately 20 years.

The rest of the proposal contains an in-depth analysis of solar power systems.  

This includes firstly, an outline of the existing problem, the objectives to be met by our solution, a detailed explanation of the mechanism of solar panels, method of implementation, the system’s benefits and its limitations.  Finally, a detailed cost analysis of the system would be provided with the cost layout of the individual components.  In addition, case studies of such projects that are already in practice would be detailed to further elaborate the feasibility of solar energy systems.

For this project, we narrowed our discussion to only the Engineering faculty, so as to 

facilitate the analysis and computation of results. However, the findings can subsequently be applied throughout the rest of the campus, including the Yusof Ishak House, the Sports and Recreation Centre and the various Halls of Residence.

We hope that you find the contents of our proposal informative and helpful.  We look forward to be granted an opportunity to deliver a presentation regarding our proposed solution. 

Problem

Among the material costs incurred by NUS, electricity bills constitute the largest portion. Statistics gathered from the Estate Office (Appendix) indicate huge amounts of money spent on electricity bills annually. This figure approximates 13 million dollars in the year 1997 alone. Undoubtedly, the bills would gradually increase over the years due to growing electricity demand as new buildings are being erected around the campus. In addition, the student population is also increasing with each new intake as more foreign students are entering our University. Hence, there is a need to look for an alternative way to supply electricity at a lower cost.

Present System 

There are more than six faculties within the campus. Each of them contains lecture theatres and tutorial rooms, which are being constantly supplied with electricity for the lights and air-conditioning purposes. In the Engineering faculty alone, there are already seven lecture theatres and at least two hundred tutorial rooms, laboratories and staff offices spread across five blocks.

Comparing the various electrical appliances, the use of lights and air- conditioners consume the largest amount of electricity.  It is estimated to be about at least 50% of the overall electricity bill.  This figure is not surprising as there are some laboratories that require air-conditioning 24 hours a day.  Moreover, the lights have to be switched on all day in the various tutorial rooms and corridor lights have to be kept on all night for safety purposes.  In view of these, the present usage of electricity cannot be cut down sufficiently in order to generate significant cost reductions.

Although we can cut costs through reducing wastage, it would be difficult to implement or monitor.  Furthermore, the use of electricity might be restricted. In the near future, as more buildings are electrically wired, the demand for electricity would inadvertently increase.

Therefore, there is the need to provide another method of generating electricity that is more cost- effective.  This would be detailed in the next few sections. 

Objectives

To reduce electricity costs, we need a reliable power system that will do the following:

· supplies the required electricity to the users, that is, NUS staff and students at a lower price as compared to the conventional power system

· permits less power loss and higher efficiency than the conventional power system 

· promotes environmental friendliness 

· requires minimal maintenance  

Proposed Solution

In order to achieve the above-mentioned objectives, our team proposes the implementation of a solar power energy generation and distribution system, also known as a photovoltaic system (PV), which we believe, will aid NUS in reducing energy consumption costs.

PV systems

PV, where "photo" stands for light and "voltaics" implies electricity, is a descriptive name for a technology in which radiant energy from the sun is converted to direct current (DC) electrical energy.  

The heart of PV systems are arrays of solid-state devices called solar cells, which are semi-conducting materials such as silicon doped with special additives.  When sunlight hits the surface of the cells, a flow of electricity is generated. (Figure 1)
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Illustration of Solar Cell Mechanism

(Courtesy Of Interlink Power Systems Pte Ltd)
 The desired power, voltage and current can be obtained by connecting individual solar cells in series and in parallel.  
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Today, groups of solar cells are encased in standard modules designed to protect the electrical circuitry from the environment.  The modules are connected together to form a unit called an array (Figure 2). 

Figure 2: cell, module and array

PV systems can operate either as grid-independent systems or grid-connected systems. The grid-independent systems are stand-alone systems, which operate without being connected to external power lines, whereas the latter are interconnected with the electric network system.

The chief value of grid-independent PV systems lies in their ability to provide a cost-effective alternative to expensive distribution line extensions. Grid-independent PV systems are therefore most likely to be cost-effective when they serve small or intermittent loads that would be costly to serve with a line extension.  Grid-independent systems are more popular in rural areas, for instance, in powering isolated telephone booths along certain long, remote stretches of highways in the USA.  

The purpose of grid-connected PV systems differs greatly. Since these systems are linked to the electrical distribution network, their chief value lies in their use as a generation-distribution resource.  The grid-connected system will therefore be directly applicable to the networked distribution of electrical power at NUS.

Benefits of using solar power in NUS

· Free energy 

Sunlight is a renewable and plentiful resource that has been measured and documented for many years. Singapore, being a tropical country, has an edge over temperate countries, as there is plentiful sunlight during the day (about 10 hours) all year round. Thus, there is no additional cost for this form of energy.
· Reliable power 
Solar power can be stored in a battery bank, hence power is available when needed, day or night, independent of weather conditions. With the constant flow of electrical energy, this is a good choice for NUS as lectures and tutorials will not be disrupted. 

· New technologies available
In the market, there are "micro" generators manufactured eg. solar cells being integrated into roofs and facades. If the PV system is implemented, NUS does not have to find locations specially to trap the sunlight. NUS can install the solar panels at the rooftop of the buildings at different faculties. A rooftop view of a building in NUS Engineering Faculty is shown in the Appendix.

· Aesthetic Appeal
Incorporating PVs in the design of solar-powered buildings in NUS provides opportunities for new and innovative architectural designs. The North Carolina Solar House has proven this possible.  (Refer to Appendix)

· Ability to drive a cooling system
Heat from a solar collector can be used to pull moisture out of the air.  When the air becomes drier, it also becomes cooler. The hot moist air is separated from the cooler air and vented away. This is just how conventional refrigerators or air conditioners work. This is advantageous since buildings in NUS need air conditioning.

· Flexibility
The modular nature of PV system, as explained earlier, permits them to be expanded easily, ensures minimal maintenance, and allows simple repair or replacement of the system’s components. If there is an increased demand of electricity in NUS in the future, which is most likely to happen with the rise in student intake, this can be easily accommodated by adding more modules.

· Quick Installation
As solar power is now quite a mature technology, vendors now offer systems that are pre-assembled at the factory and can be installed in less than one day. They require little site preparation. 

· Environmentally-friendly 

Solar power systems operate without emitting pollutants into the air or water. They are also silent in operation. As compared to the conventional power system, it does not harm the environment or disturb the ecosystem.

· Durability 

Modules are long lasting and their life span is at least 20 years. Since they are durable, NUS does not have to spend much time and money for the replacement of the parts of the PV system.

· Potential for further research 

Firstly, by installing PV systems, it allows opportunities for material scientists and engineers to improve the efficiency of current PV cells.  Secondly, the Centre for Industrial and Systems Engineering (CISE) can also be involved in examining how to decrease production costs, that is, to use less capital to produce the same amount of power.  Therefore, it is highly likely that by implementing PV systems in the NUS Engineering Block, NUS’ reputation as a modern and progressive institution may be further enhanced.

Limitations of using solar power in NUS

· High initial costs 

The high capital start-up costs prevent many potential customers from using solar power, even where the system would be cost-effective in the long run. However, once the system is installed, the energy generated from the system is very inexpensive and only routine periodic maintenance is required to keep the system running optimally.  

· Lack of compatibility with standard electronic products

Initially, solar power systems are designed for a specific purpose: to power lights or to charge electric batteries. These systems are sometimes incompatible with other end-uses for which they were not designed. However, with new developments in solar power technology, systems with battery storage and power conditioning equipment to produce current that is compatible for use with a wide range of electronic products is possible. 

· Lack of familiarity and knowledge of solar power

The reluctance to install solar power systems is because most companies and businesses have had little experience with these technologies.  This mindset can be corrected by creating user-friendly training packages for the companies interested in using solar power. 

Examples of Solar Power Use

(1) Singapore Polytechnic

In a telephone interview with M.r K.M Leong, of Interlink Power Systems, who served as a project-coordinator for Singapore Polytechnic’s solar power project, we found out that the polytechnic currently uses solar power for its corridor lights.  

Solar power is used to power the 4th, 5th and 6th storeys of Singapore Polytechnic’s T22 Building.  Solar power is cost-effective because solar panels require minimal maintenance, due to the absence of mechanical moving components.  Furthermore, the battery, rarely if ever, malfunctions.  The lifetime of the panels was found to be more than 25 years.  In times of rainy weather, solar energy is distributed from the battery storage system. This shows the reliability and practicability of implementing solar power if adopted in NUS. 

(2) Mindef

In a recent article in the Straits Times, the Defence Ministry of Singapore intends to complete the installation of its solar-powered system by the year 2002.  The Defence Ministry Engineers believe that solar power is economical as solar panels can be merged into the design of a building.  This means a reduction in construction costs, simply because solar panels may replace roof tiles, awnings or part of a wall.  This reduction in construction costs is advantageous to NUS.  For instance, the NUS Cultural Centre is currently in its early stages of construction. If solar panels could be integrated into the structure of the building, significant construction costs would result.  Therefore, the use of building-integrated solar panels (BISP) presents great potential to cutting costs at NUS.

M.r. Lee Eng Hua, an electrical engineer at Mindef’s Land and Estates Organization (LEO), claims that the high initial costs of solar power may be reduced by using grid-connected systems to power large, extensive areas, instead of using grid-independent systems. (Refer to previous section on PV systems).  Using grid-connected systems over grid-independent systems cuts the high capital costs by more than one-third.  Therefore by choosing the correct type of solar-powered distribution system, significant cost savings may result.  It is therefore recommended that grid-connected systems is used to power the Engineering Faculty. 

(3) Florida “Two Houses” Experiment

The Florida Solar Energy Center (FSEC) was part of NASA’s aim to prove that a house powered by solar power demands less energy per day compared to a house powered by conventional electricity.  The internal temperature of the houses were regulated by thermostats, with all other factors, like water usage, kept similar.  In the most humid month of June, data gathered by the FSEC indicated that the solar-powered house used approximately 70% less energy compared to that of the house powered by conventional electricity.  (Refer to Figure 2)
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Figure 2: Control House and PV House Electrical Demand

These statistics on electrical demand have significant implications.  By switching to solar power, larger areas in NUS can be powered without an increase in electrical consumption.

(4) North Carolina Solar House

The North Carolina Solar House (NCSH) is located in North Carolina, USA.  The construction of the NCSH by the University of North Carolina constitutes part of their ongoing research into alternative sources of energy.  NCSH serves to educate the public about the use of solar power as an economical source of energy to power homes.  However, their fundamental aim is to showcase BISP as an architectural possibility.  This is of direct relevance to NUS, and the potential of BISP to promote NUS as an institution that comprises buildings of outstanding architectural merit.

Method Of Implementation

Stage 1: Preliminaries (approximately 2 weeks)

· take measurements to determine the upper limit of weight tolerance of the rooftops in the Engineering Faculty by experts in the civil engineering field 

· survey area to determine the number of solar panels required to power the Engineering Faculty by contractors

Stage 2: Implementation (approximately 3 ½ weeks)

· install solar panels, battery storage systems and distributive systems (cables)

· install panels and battery storage systems

· incorporate measuring instruments into the power system

· run coaxial wires throughout the Engineering Faculty
Stage 3: Maintenance (ongoing)

· ensure panels operate at their optimal efficiency 

Efficiency is indicated by the pre-installed measuring instruments. These instruments measure the amount of energy absorbed and the power output in the long run. 

· periodic rooftop checks once every six months

Periodic checks are required to ensure that these panels are in proper condition, with no breakages or adhesive problems.

Cost-Benefit Analysis

Cost of conventional electricity



$ 0.13 per kwh

Initial Capital Costs of a solar-powered system

$ 80 000

56 solar panels

battery storage systems

interface

cable wiring

measuring instruments

maintenance

Savings over conventional electricity



 100% after 20 years








(breakeven time)



Conclusions 

Electricity, among the usage of other material resources, accounts for more than 50% of NUS operating costs.  By using solar power, the present high expenditure on conventional electrical consumption may be reduced. The main argument is that using solar power simply reduces electrical demand.  This may be attributed to the very nature of photovoltaics, which maximizes power production capability.  Furthermore, other benefits of using solar power include the design of aesthetically pleasing buildings and the potential for further research into improving the current solar panels available on the market.  If solar panels are installed on the rooftops of the Engineering Faculty, it is believed that NUS will be able to reduce its high operating costs.  We feel there is an urgent need to implement solar power in NUS, more so to help NUS cut costs in the face of the current economic crisis.  We envision that if this proposal is implemented and proven cost-effective, there is a high likelihood that the use of solar power will eventually be extended to the other faculties of NUS.  This will serve to cut costs effectively over the next 20 years and boost NUS’ reputation as a modern and technically innovative institution.
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