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Abstract

Energy is imperative to human activities, especially in an information age that we are in.  Data centres are becoming one of the major energy consumers, about 2.7%, next to the aviation industry. This trend is on the upswing, hence there is an increasing pressure to consider alternative power sources, especially in a developing nation like Nigeria with low energy infrastructural development.

Data centres’ growing energy consumption is no doubt a natural consequence of growing data storage requirements, increase in processing, upsurge in data demand, network/ transmission, and the ever increasing global warming, etc.

The major data centre infrastructure requiring energy consumption include: Information Technology (IT) equipment load, cooling and ventilation systems, lighting, Uninterruptible Power Supply (UPS) and power distribution overheads. In a tropical region like Nigeria, greater amount of energy is required for cooling the extensive heat generated by these devices and the environment. As a result, Data centres are often referred to as energy hogs.

This paper evaluates inherent challenges as well as the likely prospects of adopting renewable energy to drive Data centres in public and private sectors of Nigeria as a developing nation with power challenges.
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1. Introduction

A data centre (also known as a Computer Centre) is an information and communication technology (ICT) resource place where IT systems, communication systems and associated components, such as telecommunications and storage systems are housed for ICT purposes. A data centre often harbours redundant or backup facilities such as power supplies, redundant data communications connections, cooling systems, fire detection/suppression and security devices. As such, large Data centres are industrial scale operations requiring as much power as a small town (James Glanz, 2012). Data centres are owned by corporate business enterprises and public institutions.

Energy consumption is a central issue for Data centres. Power consumption for Data centres ranges from a few kW for a rack of servers in a closet to several tens of MW for large facilities. Some facilities have power densities more than 100 times that of a typical office building (US department of Energy, 2010).  For higher power density facilities, electricity costs are a dominant operating expense and account for over 10% of the cost of a data centre (Miller Rich, 2007).

Data centres are becoming one of the major electricity consumers, about 2.7% (Gartner inc., 2007), next to the aviation industry. Hitherto, power feeds from public utility, UPS, multiple circuits and on-site generators provide sources of energy for Data centres. However, there is an increasing pressure to explore the ubiquitous renewable energy sources especially solar Photovoltaic (PV) alternative given that the major Data centre infrastructure requiring electricity are determinable. These include IT equipment load, cooling and ventilation system, lighting, UPS and power distribution overheads. 

Cooling cost is minimized by trying to use natural ways (in temperate regions), where possible to cool the equipment rather than mechanical means. This is not often possible in Nigeria, being a tropical region. While estimating the power needs of a Data centre, one must identify the power requirement for all existing devices and equipment such as UPS, generators, electronics, heating, ventilation and air conditioning (HVAC), lighting, etc including the  redundancy provision for future anticipation. 

The growing energy demand and consumption is no doubt more of a natural consequence of the growing data stores, increase in computing processing, etc. In extremely arid geographic areas, evaporative cooling can supplement electric-powered mechanical cooling on the hottest days. Evaporative cooling uses roughly 10 percent of the power of traditional electrical systems, resulting in a Power Usage Effectiveness (PUE) of 1.3 at these facilities (Schneider Electric, 2011).  In a tropical region like Nigeria, greater amount of energy is required for cooling the extensive heat generated, all year round.

Ideally, a Data centre is provisioned with power backup consisting of one or more uninterruptible power supplies, battery banks, and/or diesel generators (Emerson, n.d.).

To prevent single points of failure, all elements of the electrical systems, including backup systems, are typically fully duplicated, and critical servers are connected to both the "A-side" and "B-side" power feeds. The “A-side” and “B-side” power feed is the distribution system that supplies power to cabinets and racks in data centres. This arrangement is often made to achieve N+1 redundancy in the systems. N is the minimum number of supplies required to deliver power without any redundancy. In other words, N+1 describes a power supply configuration that has one extra power supply installed and active.  Hence, N+1 redundancy is a form of resilience that ensures system availability in the event of a component failure (Cisco, 2010). Static switches are sometimes used to ensure instantaneous switchover from one supply to the other in the event of a power outage (Gartner, 2007).

Thus, there is need to identify the prospects and challenges of power consumption of Data centres in Nigeria in order to harness our natural endowments and to uncover the daunting factors or issues for the use of renewable energy for Data centres. Thereafter, measures can be taken to improve energy consumption efficiency and articulate performance. 

2. Methodology

This is a qualitative research with data gathered through review and observation of requirement specifications of the solar energy utilization by Data centres in addition to on-site observations, semi-structured interviews conducted with  experts responsible for design, installation and maintenance of Data centres were used in this research.

Five Data centres with undisclosed identities due to security concerns were selected for this research. Data centres selected from Southern and Northern part of the country will subsequently be referred to as South centres and North centres respectively for brevity. The Data centres were also selected to cover both private organizations and public institutions as  shown in table 1.

Table 1: Data Centre Distribution

	
	Private Organisation(s)
	Public Organisation(s)

	North Centre
	2
	1

	South Centre
	1
	1


The research considered South centres because Data centres in the region are mostly bigger in capacity since they serve as either national or regional Data centres of their organisations. North centres are located in region of the country endowed with better access to sunlight but are fewer in numbers and smaller in capacity compared to those in South centres. The research attempts to strike a balance between power requirement and availability of renewable energy sources in order to adequately reveal its opportunities and challenges for use in data centres.

The following questions were asked during the interview:

1. Does the renewable energy source in use reduce the cost of energy in your Data centre?

2. How does initial investment affect the decision to use renewable energy to power the Data centre?

3. Is the renewable energy source sufficient to power the entire Data centre or some of the essential services?

4. Do you have enough space to house renewable energy equipments?

5. How do you protect the renewable energy equipment from vandals?

6. Do you have enough manpower to support renewable energy sources?

7. Is renewable energy support documented in your standard operating procedure (SOP) manual?

8. Does renewable energy meet redundancy capacity built into the energy requirement of your data centre?

9. Are renewable energy spares readily available for replacement?

10. Is the climatic change affecting your renewable energy source?

11. Is downtime experienced using renewable energy source within acceptable limit?

3. Results and Discussion

Assessment of power consumption of a typical data centre obtained from reviewed Data centre energy requirement in the study is presented in figure 1.
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Figure 1: Typical data centre power consumption 
As shown in figure 1, each Data centre energy component consumes energy as follows:

i.
Cooling and Ventilation (50%). The Power Equipment (25%) (consisting of  the Stabilizers, UPS or Inverter system for backup and other regulations & Control equipment)

ii.
The Rack Equipment (20%)  (consisting of Servers, Switches, and other rack-mount equipment)

iii.
Lightings (4%)

iv.
Fire Detection and Prevention Equipment (1%). 
3.1 Prospects

As the interest arose for the use of renewable energy sources in sub-Sahara Africa, it would lead to a more sustainable energy mix that will reduce greenhouse gas emissions and a lower dependency on oil.

In 2005, the world production of PV modules was 1760 MW compared to 90 MW in 1996 (European Photovoltaic Industry Association, 2012). 
 Over the same period, the average PV module price has decreased from about 10 €/W (1996) to about 3 €/W (2005). The average annual growth rate of about 35% in the past decade makes PV one of the fastest growing energy industries. The aforementioned cost effectiveness of renewable energy was acknowledged by Data centre experts interviewed in the research. 

In most cases, the integration of PV systems to the aesthetics of a building reduces space limitations encountered in Nigeria urban areas where Data centres are located but without initial planning for it, because most conventional PV modules have a typical window-like surface. 

PV systems are secured by citing them within Data centre premises with common physical security. This is done by experts to protect PV panels from vandals.

All Data centre experts involved in this research affirmed renewable energy as a viable source that reduces the cost of energy in their Data centres as obtained in other parts of the World. However, renewable energy equipment costs are coming down due to the availability of lower-cost PV panels, notably from China. 

The impact of rising Data centre energy consumption and cost has elevated the importance of Data centre efficiency as a strategy to reduce costs, manage capacity and promote environmental responsibility. 

The experts interviewed agreed that up to 50% redundancy is acceptable to be built into energy requirement of Data centres with about 20% extra cost incurred on battery bank and PV panels. Despite the redundancy, renewable energy installed at Data centres used in this research still met the redundancy factor.

In the last decade, it is obvious that global electricity prices have increased appreciably (over 50% percent in Nigeria), therefore, energy reduction initiatives and efficient usage are becoming paramount, by adopting low-power processors and high-efficiency power supplies, renewable energy or a mix of energy sources.

It is obvious from this research that renewable energy successfully powers Data centres in South and North centres, even when variations exists in quantity of sunlight (radiations) at both centres, sufficient indication exists to prove its capability to power Data centres in Nigeria. 

The experts who participated in the interviews expressed satisfaction with Nigerian’s climate which was described as conducive year round to PV systems with acceptable downtime at South and North centres. Nigeria is endowed with an annual Average daily sunshine of 6.25 hours, ranging between about 3.5 hours at the coastal areas and 9.0 hours at the far northern boundary. Similarly, it has an annual average daily solar radiation of about 5.25 KW/m2/day, varying between about 3.5 kWm2/day at the coastal areas and 7.0kW/m2/day at the northern boundary. Nigeria receives about 4.851x 1012 KWh of energy per day from the sun. Huge energy resource from the sun is available for about 26% only of the day (Okafor and Uzuegbu, 2010).

 PV systems and spare parts are readily available in Nigerian market, according to Data centres experts interviewed. Spare parts are not often needed as PV systems are considered reliable except when charge controller is not incorporated into the design or it is faulty.

3.2 Challenges 

Government commitment to renewable energy sources is inadequate, in terms of regulating substandard products, low public awareness and unwillingness to reduce tariff on renewable energy equipments. 

Also, there is the issue of inadequate technical competence to develop and maintain renewable energy systems.

The initial installation cost could be daunting or a major constraint to its implementation. 

Absence of local manufacturing capability for renewable energy components and systems.

Provision of physical security for out-door renewable energy equipment against vandals could attract additional cost.

Inefficient ways of disposing damaged components of renewable energy equipment e.g. batteries or damaged PV panels. 

A lot of willingness from planners and creativity from architects is required to incorporate the provision for PV system in design of Data centres.

3.3 Discussion

As renewable energy technologies are increasingly used to bridge energy gap and to maintain Data centre services availability.

It was thought that the use of renewable energy is prohibitive since it requires huge initial cost. Not quite, rather costs are coming down at an astonishing rate, partly due to the availability of lower-cost PV panels, coupled with an increasing demand for it as well. Therefore, using cost-effective energy mix of public power utility, oil/gas-powered generators and solar PV could efficiently reduce energy cost of a data centre. If renewable energy supply (e.g. solar PV) is used, mainly it is capable of reducing greenhouse gas emissions and lower dependency on other energy sources.

In Nigeria, renewable energy, especially solar power is available all year round due to high availability of solar radiation of long sunshine hours as compared with other seasons (rain and windy) that are favourable for other renewable energy such as hydropower. 

4.  Conclusion

The prospects of using renewable energy for Data centres in Nigeria outweigh the present challenges irrespective of the energy consumption of the Data centre and its location.  With total commitment of all stake- holders in Data centre management all identified challenges are surmountable leading to Data centres that would be   solely powered with renewable energy sources.
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