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ABSTRACT 
 
Data centres form a key part of the infrastructure upon which a variety of information technology services are built. They provide 
the capabilities of centralized repository for storage, management, dissemination and networking of data and information 
organized around a particular body of knowledge or pertaining to a particular business. The increasing demand for data storage 
and compute resources has driven the growth of large data centres: the massive server farms that run many of our present day 
internet and e-commerce applications with its attendant significant investment capital outlay and ongoing operating costs. This 
makes a critical examination of costs associated with building, operating and upgrading data centres imperative. For this cost 
model to meet the requirements of stakeholders it must capture the multidimensional complexities in power delivery, cooling, 
and required levels of redundancies for a specific service level agreement. However, non factoring of major total cost of 
ownership (TCO) parameters like amortization and maintenance costs for power, cooling and information technology resources 
in the cost model for data centres have questioned the reliability of this cost model, hence necessitate a research of this nature. To 
attack the problems identified above, I adopted a more accurate data centre construction cost model developed at HP Labs and 
adopted by the Uptime Institute Inc., to serve as a business intelligence tool for measurement and prediction of TCO and return-
on-investment analysis for data centres.  
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1. INTRODUCTION 

For many years, the data centre industry has used dollars per square foot ($/ft2) of computer room space to benchmark the 
construction cost of a data centre. This approach has led many data centre owners to reduce the amount of space in an attempt to 
control project costs [1]. This approach generally produces disappointing results because it is based on a false premise. After 
reviewing 16 actual construction projects to identify their primary cost drivers, The Uptime Institute, Inc., developed a new and 
more accurate data centre construction cost model. This innovative data centre cost model emphasizes the "engine" capacity and 
functionality aspects of a data centre, in addition to the cost of space itself. In this model the key cost drivers are: power and 
cooling density (measured in total kW, watts per square foot or per square metre, i.e., W/ft2 or W/m2) or kW/cabinet), the Tier of 
functionality (Tier-III Concurrently Maintainable, etc.) and the amount of computer room floor space (cabinets or space (ft2 or 
m2)). Many businesses operate outside of safe capacity thresholds with little or no room to expand [2], [3] and [4].  

According to IDG, the average data centre is 9 years old. The question is: As a business analyst, how can you avoid making 
major mistakes when entering the build and upgrade world of data centre business? The key lies in the methodology you use to 
design and build your data centre facilities. According to [2], [3] and [4] poor planning leads to poor use of valuable capital and 
can increase operational expenses, hence decreasing returns on investment. 

The basic concepts of total cost of ownership (TCO) – the sum of initial capital expenditures (CapEx) added to ongoing and long-
term operating expenditures (OpEx) is all too familiar. TCO is a critical cost metric when designing a new data centre facility or 
selecting equipments. Yet, with the explosion of data centre facilities — identifying and weighing the value of TCO variables 
when specifying, building and operating a data centre may be more elusive. A simple miscalculation can cost companies millions 
of dollars every year, hence informed the reason why the traditional dollar per square foot ($/ft2) or dollar per square metres 
($/m2) cost model now needs to be abandoned [5]. 
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Data centre facilities are capital-intensive in their design, construction and maintenance. Organizations that owns and operate 
them regard such infrastructure as their valued assets, not only due to their strategic importance in fulfilling  their data services 
needs, but also due to the financial and cost implications involved in establishing and running such facilities. Financial Analysts 
are constrained in their investment appraisal of the profitability or otherwise that justifies investing huge sum of money in this 
critical sector, due to the lack of a comprehensive business intelligence (BI) data centre investment costing and management 
analytical model and tool to facilitate the prediction and measurement of total cost of ownership (TCO) for the physical 
infrastructure, network rooms and data centre IT support equipment, power and cooling redundancies [6]. In 1941, the successful 
revolution of data processing (DP) was started and hence the development of data centres (DaC). For the first time ever, engineer 
Konrad Zuse constructed an automatic computing machine – the Z3 – for the four basic arithmetic operations plus finding roots 
using electro-magnetic switches only from the world of telecommunications. This automatic machine in the “computing room”, 
the living room of his parents, weighed more than a ton and had the gigantic power demand of 4,000 watts. The pioneer know-
how of Zuse KG was integrated into the Siemens AG in 1967 and even today, it reflects our endeavour to push progress in DP 
technology and its related infrastructure [7].  

The further development of information and communication technology (ICT) using electron tubes, magnetic storage devices and 
later semiconductor components has led to a world-spanning spread of data centres in science, industry and administration. In this 
way, the requirements regarding security and performance of the appertaining infrastructure were pushed upwards. The 
expansion of electronic data transfer, the networking of electronic media and, last but not least the spread of the Internet, in 
particular the “world wide web” developed at CERN (Conseil Europeen pour la Recherche Nucleaire) – the European Council for 
Nuclear Research, at the end of the 1980s generated a service sector in the field of data centres which grew dramatically and 
produced a growing demand for total availability and security of information [8]. Modern data centres began in the 1960s as 
central locations to house huge mainframe computers and the associated storage devices and other peripherals [9]. Many 
definitions have been used to describe “data centres” such as [10], [11], [12], and [13]. Data centre, according to the online 
encyclopaedia - Wikipedia is a facility used to house computer systems and associated components, such as telecommunications 
and storage systems, with their redundant or backup power supplies, data communications connections, environmental controls 
(e.g., heating, ventilation, air conditioning – HVAC, and fire suppression systems) and security devices. The main functions of a 
data centre facility are to centralize and consolidate information technology (IT) resources, house network operations, facilitate e-
commerce and to provide uninterrupted services to clients on pay-per-use basis. These characteristics of data centres makes them 
much desired by large corporations that are involved in handling mission-critical, financial and analytics data processing 
applications, such as derivatives forecasting, risk and decision analytics and Monte Carlo simulations [6].  

They may be, above all, highly functional buildings, but their design is evolving quickly, fuelled not only by the ever increasing 
need for efficiencies, infrastructure convergence and shared services, but also by the rapid growth, adoption and use of cloud-
based computing solutions by top global information technology companies like Amazon.com, eBay, HP/EDS, IBM, Microsoft, 
Google, Salesforce.com, Oracle, Facebook and Yahoo! Inc respectively. Recent research report released by the Swiss-based 
World Economic Forum at Davos in collaboration with McKinsey and Co. [14] entitled, "The Risk and Responsibility in a 
Hyperconnected World," reveals that major information technology trends, including Massive Analytics, Cloud Computing and 
Big Data, can create between US $9.6 trn and US $21.6 trn in value for the global economy. According to International Data 
Corporation, global IT spending is somewhere in the region of over US $3.7 trillion (£2.3 trillion), and data centres, according to 
The Gartner group in its April 2014 forecast, will take up to US $143 bn by end of 2014 representing a 2.3 per cent increase from 
2013 which closed at US $140 billion [14], [15] and [16], a high proportion of this expenditure is on servers, networking and 
storage devices which need to be housed in data centre facilities, due to the above reasons and myriad of others it makes a 
research of this type important so as to understand the underlying costs and complexities involved in developing such critical IT 
facilities and their underlying business models.  

 

 

Figure 2.1: Growth of cloud computing paradigm since 2005 Source: [49]. 
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Due to the explosive growth of data and the growing need to satisfy these data compute, storage and networking needs, it gave 
rise to the development of data centre facilities, which are houses that keeps storage servers for intensive computational purposes 
on pay-per-use basis. These data centres represent a significant investment in capital outlay and operating costs. These costs are 
spread on key components like: servers, power, network and building, as well as redundancies. The capitally-intensive nature of 
data centre facilities, has made it imperative for organizations to outsource their data centre and computing needs to independent 
service providers so as to leverage on the economies of scale of outsourcing such services and concentrate on their core business 
functions, [17]. 
 
According to Cloud in Africa: Reality Check 2013 research study1, released by World Wide Worx and Cisco. Nigeria lags 
substantially behind South Africa and Kenya with only 36 per cent of businesses currently using the Cloud via data centres, while 
about 50 per cent and 48 per cent of South African and Kenyan medium and large-scale businesses were already using cloud 
services. A significant 44 per cent of Nigerian businesses during the study said they will embrace the Cloud in the coming year, 
bringing the total in the country to 80 per cent by the end of 2014. This compares to 24 per cent of organisations in Kenya and 
only 16 per cent in South Africa, saying they will be taking up Cloud in 2014. According to the study, the key to the rapid 
adoption of Cloud computing in Nigeria and Kenya was found in the growing confidence that IT decision-makers have in the 
environment. "Even where confidence is not high, distrust in Cloud has almost entirely disappeared," revealed the report. Cisco 
Global Cloud Index Projected Cloud traffic is expected to dominate data centres in the third annual Cisco Global Cloud Index 
(2012 - 2017), [48], as shown below: 

� Annual global data center IP traffic will reach 7.7 zettabytes by the end of 2017. By 2017, global data center IP 
traffic will reach 644 exabytes per month (up from 214 exabytes per month in 2012). 

� Global data center IP traffic will nearly triple over the next 5 years. Overall, data center IP traffic will grow at a 
compound annual growth rate (CAGR) of 25 per cent from 2012 to 2017. 

� Annual global cloud IP traffic will reach 5.3 zettabytes by the end of 2017. By 2017, global cloud IP traffic will 
reach 443 exabytes per month (up from 98 exabytes per month in 2012). 

� Global cloud IP traffic will increase nearly 4.5-fold over the next 5 years. Overall, cloud IP traffic will grow at a 
compound annual growth rate (CAGR) of 35 per cent from 2012 to 2017. 

� Global cloud IP traffic will account for more than two-thirds of total data center traffic by 2017. 
 
In this paper, I reviewed related research works on data centre cost model by industry experts and researchers, with a view to 
identify the major cost drivers in a data centre cost model, and the mathematical relationship between them so as to provide an 
analytical framework or cost estimation model for effectively predicting and measuring the total cost of ownership(TCO) for data 
centres which will serve as a business intelligence tool for return-on-investment and profitability analysis, as well as other 
business decision processes, hence deepening understanding of the cost drivers of data centres, which provides insight into 
opportunities to control costs, [6].  
 
 
2.  LITERATURE REVIEW 
 
Extensive research works have been done by experts and enthusiasts in modeling the cost of planning, developing and operating 
data centres. The first of such effort was an independent research commissioned and underwritten by IBM Deep Computing 
Capacity on Demand (DCCoD) team led by Koomey, Brill, Turner, Stanley, and Taylor in 2006, which produced a white paper 
titled: A Simple Model for Determining True Total Cost of Ownership for Data Centres. The research paper was published by the 
Uptime Institute In 2007, which is the global think tank on data centre-related issues [6]. There are no recognized standards for 
measuring the total cost of ownership (TCO) of the physical infrastructure of data centres and their support equipment. Simple 
cost models of summing the various CapEx and OpEx items do provide insight into total cash outlay, but they do not account for 
the utilization of the equipment and operating and maintenance costs, [18]. Previous TCO calculation efforts for data centres [1], 
[18] and [19] have been impressive, but generally have been incomplete and imperfectly documented, due to their use of total 
cost of ownership model or approach in isolation of other important cost parameters, hence ignores equipment and infrastructure 
operating, maintenance and amortization costs due to depreciation.  
 
These works have been impressive in providing insight into what it takes to build and operate a data centre, but generally limited 
due to their imperfect documentation and inability to capture the multidimensional complexities of data centre performance using 
cost metrics like: dollars per kW, dollars per square foot, watts per square foot, cost to build per square foot, dollars per kW, 
respectively. In all the researched literature on data centre cost modeling, the works of [1] and [19 - 30] were outstanding, more 
analytical and broad-based in that they came up with a more innovative and radical approach that involves combining the various 
data centre cost modeling parameters, so as to factor in the various amortization, operation and maintenance costs of the key cost 
drivers like: space, power, cooling and operations respectively. The summaries of reviewed literature are shown in Table 3.1 
below: 
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Table 3.1:  Summary of Literature Review on data centre costing 

S.No. Researchers/Authors & Year 
of Publication 

Title of Research Work Under 
Review 

Remarks/Comments 

1. America Power Conversion 
(APC), (2003). 

Determining Total Cost of Ownership 
For Data Center and Network Room 
Infrastructure 

A method for measuring TCO of 
data centres and network room 
physical infrastructure, by summing 
the cost drivers of the TCO. 

2. Chandrakant, P.D., & Amip, S.J., 
(2005). 

Cost Model for Planning, 
Development and Operation of a Data 
Center 

Outlined the complex mathematical 
models for the TCO cost drivers and 
their relationships with examples. 

3. Koomey, J., Brill, K., Turner, 
P.W., Stanley, J., & Taylor, B., 
(2006). 

A Simple Model for Determining True 
Total Cost of Ownership for Data 
Centers. 

Presented a simple model to 
determine TCO of Data centres and 
cost saving strategies. 

4. Turner, P.W., & Seader, H.J, 
(2006).   

Dollars per Kw plus Dollars per 
Square Foot Are a Better Data Center 
Cost Model than Dollars per Square 
Foot Alone 

Provides a new, innovative and more 
accurate way to predicting the TCO 
of data centres by emphasising on 
the functionality aspects of data 
centres in addition to the cost of 
space. 

5. Kevin, L., Parthasarathy, R., 
Jichuan, C., Chandrakant, P.D., 
Trevor, M., & Steve, R., (2008). 

Understanding and Designing New 
System Architectures for Emerging 
Warehouse-Computing Environments 

Outlined the basic components of the 
TCO as: base hardware costs and 
burdened power and cooling costs 
respectively. 

 
3.  KEY COST DRIVERS IN A DATA CENTRE COST MODEL 
 
The following are the major cost parameters in a data centre facility viz: 

� Cost of Space: The cost of land is directly connected to real estate prices and this varies greatly according to the 
geographic location of the data center. A comprehensive data center cost model must account for such variation in 
real estate price. 

� Recurring Cost of Power: The electricity costs associated with continuous operation of a data center are 
substantial; the direct cost of drawing this power from the grid should be included. It is valued at about 10-15 per 
cent of total cost of the data centre. 

� Maintenance, Amortization (Depreciation) of the Power Delivery, Conditioning and Generation: Data 
centers are a critical resource with minimally affordable downtime. As a result, most data centers are equipped 
with back-up facilities, such as batteries/fly-wheel and on-site generators. Such back-up power incurs installation 
and maintenance costs. In addition, the equipment is monitored continuously, and costs associated with software 
and outsourced services must be included. 

� Recurring Cost of Power required by the Cooling Resources: The environment  internal to the data centre 
must be maintained at a sufficiently low temperature  for optimal rack operation. Since the electrical power 
consumed by the compute resources is dissipated as heat, an adequate cooling infrastructure is  required for data 
centre operation. State-of-the-art cooling resources tend to require almost as much power as that dissipated by 
compute resources to affect heat removal; this is a substantial addition that should be factored into a data centre 
cost model. 

� Maintenance and Amortization (Depreciation) of the Cooling Resources: Like the power system, data centres 
usually have backup chillers or air-conditioning units. The operation and maintenance (O&M) costs associated 
with the cooling infrastructure can be significant. In addition, the equipment is monitored continuously, and costs 
associated with software and outsourced services must be included. 

� Utilization of Critical Space: The data centre is a critical facility, and therefore care is required to “right” 
provision the data centre resources. Sub-optimal operation (through “over-provisioning” or “under-provisioning” 
the available space) effectively raises the cost of ownership for a given data centre. Table. 5.1 below provide a 
rough guide to associated costs and assumptions made while determining the total cost of ownership for such 
facilities. Costs are amortized, i.e., one time purchases are amortized over reasonable lifetimes. By amortizing, we 
obtain a common cost run rate metric that we can apply to both one time purchases (e.g., for servers) and ongoing 
expenses (e.g., for power), [21].   
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Table 3.2:  Guide to where costs go in the data centre [21] 

AMORTIZED COST COMPONENTS SUB-COMPONENTS 
 

~45% Servers CPU, memory, storage systems 

~25% Infrastructure Power distribution and cooling 

~15% Power Draw Electrical utility costs 

~15% Network Links, transit, equipment 

 

                  

 
Figure 3.1: Pie-chart showing percentage that the various cost drivers takes in a typical data centre. 

 
 

 
 

Figure. 3.2: Pie-chart showing amounts of money (in US $) that the various cost drivers takes         in a typical data centre. 
Source: http://mvdirona.com/jrh/TalksAndPapers/PerspectivesDataCenterCostAndPower.xls 

4.   DATA CENTRE COST MODELING ASSUMPTIONS 
 
To determine the true total cost of ownership of data centres and express it on a per-rack basis requires a significant amount of 
data, including capital, engineering, installation, and operating cost data for the various elements of physical data centre or 
network room infrastructure, as well as design-related parameters such as: sq.feet per rack, watts per rack, utilization schedule, 
expected lifetime, redundancy options, et cetera. The typical data centre was defined to be one exhibiting the following 
characteristics in other to determine the TCO: 
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Table 4.1: Data Centre Cost Modeling Assumptions values 

NNo. Parameters/Variables Values 
1.1. Power Rating 10MW 

2.2. Power Density 50W/ft2 

3.3. Life Cycle 10 Years 

4.4. Average Rack Power 1500W 

5.5. Redundancy 2N 

6.6. J1   1.33 

7.7. K1  1.33 

8.8. K2   1.0   

9.9. L1  1.5 

110. NOI  $50/ft2 

112. U$, A&M (Power)  0.072/W 

113. U$,grid  $100 MWh 

114. Adata centre 20,000 ft2 

115. % Occupancy  50% 

116. U$, A&M (Cooling)  $0.036/W 

 
In order to model the total cost of ownership of a typical data centre, the following cost assumptions were made as shown in 
Table 4.2 below [6]:  
 

Table 4.2: Data centre cost modeling assumptions for key drivers 

# COST COMPONENTS VALUES REMARKS 

1. Size of Facility (Critical Load) 8,000,000 [Chosen to get ~50k servers -- As PUE improves, critical 
load goes up without total load changing] 

2. Cost of Power ($/kwh): $0.072 [Can range between just under $0.03 and over $0.15 
depending upon region] 

3. Cost Per Critical Watt in $/W $9.00 [Uptime institute says $12.50/W for tier II: 
http://uptimeinstitute.org/wp_pdf/%28TUI3029A%29Cost 
_ModelDollarsperkWPlusDollars.pdf] 

4. Facilities Amortization: 120 (10 Years) 

5. Watts/Server 165  

6. Cost/Server ($) $1,450.00  

7. Server Amortization (months) 36 (3 years) 

8. Network Amortization 
(months) 

48 [4 years: most use 5 years today but this is trending down 
with move to commodity net gear and I think it'll be 3 
years soon] 

9. Annual Cost of Money (%): 5%  

10. Average Load Critical Usage 
(%): 

80% [Average % of provisioned power used] 

11. Power Usage Effectiveness 
(PUE) 

1.45  

12. Power & Cooling Infrastructure 
(%) 

82% [% of infrastructure that is power & cooling-- Christian 
Belady @ msft], [Excluding network egress charges, 
operating system and application stack costs all of which 
are workload & approach dependent] 

 
(Source: http://mvdirona.com/jrh/TalksAndPapers/PerspectivesDataCenterCostAndPower.xls). 
 (Note: All costs are in 2016 dollars, i.e., US $1=476 Naira) 
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5.  MODELING THE DATA CENTRE SPACE 

 The real estate value for commercial properties is typically estimated as the ratio of two parameters [43, 44]:  

� The Net Operating Income (NOI) per month, which is usually calculated as the difference between gross income and 
operating expenses (without including debt service costs such as amortization, depreciation and interest), and  

� The Capitalization Rate (“cap rate”), which is conceptually similar to the P/E (price/earnings) ratio in the stock 
market [Sivitinades, P., Southard, J., Torto, R. G., Wheaton, W. C., 2001,]. A P/E of 40 means the stock is selling at 40 
times its current value, or it will take an investor 40 years to get his/her money back; similarly, the capitalization rate is 
a representation of the ratio of current valuation to expected return [Barclay Associates, 2004]. A cap rate of 10% is 
typical for most income property, although cap rates ranging from 9% to 13% may often be encountered [Simpson, J., 
Simpson, E., 2003]. Thus, the real estate value of a commercial property can be given as: 
 

Pricereal estate =    NOI         …….……………….................................................................. 5.1 

                         Cap Rate 
 
Equation 5.1 is based entirely on the real estate value. For a data center, however, a difference is made between the total space, 
active space, and leased space [Blount, H. E., Naah, H., Johnson, E. S., 2001, Evans, R., 2003].The total property value of a data 
centre may include the real estate necessary for the plant chillers, power generation systems, and other auxiliary subsystems; 
however, operating income is typically only realized in that portion of the data centre which is populated with computing 
equipment [Ron, Kalich., and Gautam, Barua., 2002]. Thus, the level of occupancy in a given data centre should be included in 
the calculation of Eq. 5.1: 
 

Costspace =    (NOI/ft2) (Adata centre) (% Occupancy)   …………........................................ 5.2    

                                              Cap Rate 

5.1   Modeling Burdened Cost of Power Delivery 

While tenants in a rented house are billed based on number of rooms they are occupying, a data centre client-a given system 
housed in a given rack-requires conditioned power on a continuous basis, and has special requirements for cooling. In addition to 
the electricity costs for power from the grid, the power delivery system in a data center includes conditioning, battery back-up, 
on-site power generation, and redundancy in both delivery as well as generation. Depreciation (amortization) and maintenance 
costs are associated with the infrastructure required to enable each of these functions. Indeed, data centre experts often talk about 
conditioned power cost being three times that of grid power [42]. Thus, rather than just the direct cost of power delivery, a 
burdened cost of power delivery should be considered as follows: 

Costpower = U$,grid.Pconsumed + K1U$,grid.Pconsumed ……………............................................ 5.3 

                                             hardware                              hardware  

                                        

Where the power burdening factor K1 is a measure of the increased effective cost of power delivery due to amortization and 
maintenance costs associated with the power delivery system. It should be noted that depreciation is relevant to the maximum 
(rated) power capacity of the data centre, i.e. if a data centre is built and had equipment commissioned to operate at 10 MW, then 
the amortization costs will be derived from the capital necessary to enable a 10-MW delivery system. Thus, a data centre being 
operated at lower capacities inherently fails to adequately recover initial investment. Therefore, a penalty for sub-optimal 
operation should be inherently included in the K1 factor, which can be given as follows: 

 

                                      J1U$,A&M power            …………………………............................................................ 5.4 
                      K1 =  

                                         U$,grid 

 Where J1 is the capacity utilization factor, which is given as:              
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                  Installed (Maximum) Capacity [Watts]      =   Prated                   ….............................. 5.5 
J1 =  
                  Utilized Capacity [Watts]                                Pconsumed power 

 

From Eq. 5.4 K1 is the ratio of the realized (weighed) amortization and maintenance costs per Watt of power delivered to the 
direct cost of electricity (per Watt) drawn from the grid. This can be calculated on a monthly basis. J1 weighs the amortization 
costs by measuring the level of utilization of the conditioned space in the data center. Combining Eqs. 5.3, 5.4 and 5.5 we have: 

 

Costpower = U$,grid.Pconsumed + U$, A&M.Prated …………………………………….................................................  5.6 
                                hardware               power 

 
Equation 5.6 gives the costs associated with power delivery to the data centre in terms of direct electricity costs (U$,grid) and 
indirect electricity costs (burdening factors, represented by U$,A&M). 
 
5.2    Burdened Cost of Cooling Resources 
 
In addition to the power delivered to the compute hardware, power is also consumed by the cooling resources, [46 and 47]. 
Amortization and maintenance costs are also associated with the cooling equipment, so that the cost of cooling can be given as: 
 
Costpower = U$,  grid.Pcooling + K2U$,grid .Pcooling …………………....................……..............  5.7 

The load on the cooling equipment is directly proportional to the power consumed by the compute hardware. Representing this 
proportionality in terms of the load factor L1, we get: 

 

  Pcooling = L1 . Pconsuned  .…………………………………......................................…........... 5.8 

                                   hardware 

Substituting Eq. 5.8 into Eq. 5.7: 

  
Costcooling = (1 + K2) L1 U$,grid Pconsumed …………………................................................... 5.9 
                                                      hardware 

Where the cooling burdening factor K2 is a representation of the amortization and maintenance costs associated with the cooling 
equipment per unit cost of power consumed by the cooling equipment. As with the power delivery system, the K2 cost is based 
on the maximum (rated) power capacity of the data centre, i.e. if a data centre is built to operate at 10 MW, then the amortization 
costs will be derived from the capital necessary to enable the cooling system necessary for a 10-MW load. Thus, a data centre 
being operated at lower capacities inherently fails to adequately recover initial investment. Therefore, a penalty for sub-optimal 
operation should be included in the K2 factor, which can be given as follows: 

 

                                      J1U$,A&M power    

                                                                                cooling                   ................................................................... 5.10 
                          K1=            
                                          U$,grid 

Where J1 is the capacity utilization factor given by equation 5.5. It should be noted that the capacity utilization penalty of Eq. 
5.10 is different from the load factor penalty of Eq. 5.8 in the sense that L1 is non-optimal because of design inefficiencies in the 
cooling system, while J1 is non-optimal because of operational inefficiencies in the data centre. Combining Eqs.5.5, 5.9 and 5.10: 

 

Costcooling = U$,grid L1 Pconsumed + U$,A&M J1L1 Pconsumed ………………………..........…… 5.11 

                                                        hardware             cooling                hardware 
 
5.3   Overall Model For Cost Of Space, Power and  Cooling 
Since the key cost drivers in a typical data centre has been modeled [Eq. 5.2] as well as the recurring costs for burdened delivery 
of power [Eq. 5.3] and cooling [Eq. 5.9]. The next challenge is to determine the total cost of ownership for our hypothetical data 
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centre. This (TCO) can be determined by changing the cost of space into a per month recurring cost estimate, this is to enable 
summation with the power + cooling costs. As a first-order estimate, we consider that the reason the data center space becomes 
more valuable than any other commercial property is because it is enabled by burdened power delivery and cooling resources. 
However, the costs for cooling and power are accounted for separately, i.e. if K1, K2, L1 etc were all zero, then the value of the 
data center should become identical to that of any commercial real estate [19, 20, 30, 42]. Thus, the average $/ft2 commercial 
rates for the market can be used as a basis for determining the value of the data centre real estate. (The appropriate $/ft2 value will 
depend on the cap rate and other considerations discussed earlier in Eq. 5.1 to Eq. 5.2.) That is: 
 
Costspace ≈ ($/ft2) (Adata centre) (% Occupancy) …............................................................. 5.12 

Where the $/ft2 is the average income per unit area that might be realized each month for a commercial property specific to the 
geographic area under consideration. Combining Eqs. 5.3, 5.9, and 5.12, the overall cost for data center space and power is 
obtained as: 
 
Costspace = [($/ft2) (Adata centre) (% Occupancy)] 

          cooling                                                                                                               

          power                               

                                                       + [(1 + K1 + L1 + K2L1) U$,grid Pconsumed]  ................... 5.13   

The first term in the above model represents the cost of the real estate, while the second term represents the combined costs of 
power for hardware and power for cooling equipment. Amortization costs as well as penalties for inefficient utilization of critical 
data center resources is captured in the multiplying factors K1, K2, and L1. The remaining costs of operation, including personnel, 
licensing and software, are analyzed in the next section. The equation can be further simplified to cost out space in terms of 
critical space used in ft2 as: 

 
Costspace = ($/ft2) (Acritical, ft

2) + (1 + K1 + L1 + K2L1) U$,grid*Pconsumed ……..............…. 5.14 

          power 

          cooling 

 
 
5.4 Data Centre Management and Operating  Costs 
Data Centre Management refers to the role of an individual within the data centre (data centre manager) who is responsible for 
overseeing technical and IT issues within the data center. This includes computer and server operations, data entry, data security, 
data quality control and management of the services and applications used for data processing. Data center management 
integrates into other IT systems for complete data synchronization including virtual systems, proprietary systems, and automation. 
Data center management requires a number of tools, IT policies and strategies to create and maintain a secure and efficient data 
center. It also entails monitoring and managing the performance of servers in a data centre. Data centre management aims to 
optimize the performance of data centre servers by tracking key metrics, such as CPU load and memory usage, for each server. 
Data centre management may require administrators to have visibility into both virtual and physical servers in the data centre, [19, 
20, & 30]. 
 
5.4.1 Calculating the Total Cost of Operating and Running a Data Centre 
Here a summation of the total cost of operating and managing a data centre will be obtained viz: 
 
5.4.2   Personnel And Software Costs 
The objective of this project report is to focus on the physical space, power and cooling costs. However, in order to estimate the 
total cost, an estimate of personnel and software costs is not only necessary, but critical. The personnel costs associated with 
management of heterogeneous set of applications and physical compute, power and cooling resources across the data center 
needs to be captured. The emergence of utility models that address the heterogeneity at a centralized level enables one to 
normalize the personnel cost to the number of active racks in the data centre. Furthermore, in standard instances, there is a clear 
segregation of installations resulting from the need for physical security or due to high power density deployment of uniformly 
fully loaded racks, [19, 20, 30, & 42]. 
 
5.4.2.1 Personnel Costs 
Personnel cost may be considered in terms of number of information technology (IT) facilities and administrative resources 
utilized per rack per month. These are internal personnel (excluding those covered by preventive maintenance contracts for power 
and cooling equipment) utilized per rack in a data center. Including costs for the average number of IT personnel per rack (M1), 
the average number of facilities personnel per rack (M2), and the average number of administrative personnel per rack (M3), the 
total personnel costs are obtained as follows: 
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Costpersonnel  = (M1 + M2 + M3) Savg = Mtotal . Savg ……………………....................................……..............  5.15 

           per rack  

 
5.4.2.2 Depreciation of Information Technology Equipment 
In a managed services contract, the equipment is provided by the data centre operator, and thus the total cost of operation must 
account for IT equipment depreciation. Assuming a rack full of industry standard servers, the list cost of IT equipment can be 
determined using manufacturer’s list price. Using straight line depreciation, the cost of depreciation of a rack full of industry 
standard servers may be determined on a monthly basis as follows, [19, 20, 30, and 42]: 
 
 
Costdepreciation = ITdep =             Rack Purchase Cost              …….....................….......... 5.16 

            per rack                                    
                                          Lifetime of rack (usually 3 years) 
 
5.4.2.3 Software and Licensing Costs 
In a managed services contract, data centre personnel administer the installation of the operating system (OS), patches and 
resources for load balancing. The user’s only responsibility may be to manage the application on the server. The personnel and 
hardware cost associated with the data centre side of the cost is captured in sections 5.6.2.1 and 5.6.2.2, respectively. However, 
the software and licensing costs must also be applied to determine the overall cost. A first order strategy is to look at the total 
licensing cost, and the number of racks being utilized for IT purposes, and determine the cost on a per rack basis as follows, [19, 
20, 30, 42]: 
 
Costsoftware  = σ1 = Total licensing costs   …………………............................................... 5.17 

           per rack                                      R 

 
5.4.2.4 Total Cost Of Rack Ownership and Operation 
Combining Eqs.5.15, 5.16 and 5.17, the total costs of data centre operation/management can be estimated as, [19, 20, 30, and 42]: 

 
IT Operation Costtotal = R (Mtotal Savg + ITdep + σ1) …………………............................. 5.18                    
 
Combining Eq. 5.18 with Eq. 5.14, the desired total data centre cost model in terms of critical space used in ft2 will be: 
 

 
Costtotal = ($/ft2) (Acritical, ft2) + (1+ K1 + L1 + K2L1)*U$,grid *Pconsumed    

             hardware 

       

       + R*(MtotalSavg + ITdep + σ1) .......... 5.19                                                                                                                                               

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Interface of the data centre costing cloud-based application 
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6    CONCLUSION 
 
In conclusion, this paper compiles and presents the cost of building and maintaining data centres from measured data and 
summarized them in simple models. These models can be used to calculate the true total cost of ownership or building a new data 
centre facility, assess potential modifications in the design of such a facility, or analyze the potential costs and benefits of offsite 
computing solutions. In addition I discovered out that the cost model presented in this research suggests that the total annual cost 
of ownership for a fully optimized modular data centre can be several million dollars lower than typical data centres found in the 
market today.  

REFERENCES 
 

[1] Turner, P.W., and Seader, J.H. (2006), Dollars per kW plus Dollars per Square Foot  Are a  Better  Data 
Center Cost Model than Dollars per Square Foot Alone. The  Uptime Institute, Inc U.S.A.   

[2] Wendy, T., Wallach, D.A., Chang, F., Dean, J., Ghemawat, S., Hsieh, W.C., Burrows,  M., Chandra,  T., and 
Fykes, A. (2012), 2 Keys to Keeping Data Center Project Costs  under  Control, Technical  report  published 
by American Power Conversion,  (APC) by Schneider Electric, Data Centre Science Centre. 

[3] Wendy, T. (2008), Data Center Physical Infrastructure: Optimizing business value,  Technical report published by 
American Power Conversion, (APC) White Paper No.  116 by Schneider Electric Data Centre Science Centre. 

[4] Wendy, T. (2012), TCO Analysis of a Traditional Data Center vs. a Scalable,  Containerized Data Center, Technical 
report published by American Power  Conversion, (APC) White Paper No. 164 by Schneider Electric, Data Centre 
 Science Centre. 

[5] Rasmussen, N. (2005), Determining Total Cost of Ownership for Data Center and Network Room Infrastructure, 
Technical report published by American Power  Conversion, White Paper No.06. 

[6] Koomey, J., Brill, K., Turner, P.W., Stanley, J., and Taylor, B. (2008), A Simple Model for Determining True Total 
Cost of Ownership for Data Centers. The Uptime Institute Inc., U.S.A. White Paper Vol. 2.1.  

[7] Wood, T. (2009), Improving Data Centre Resource Management, Deployment and Availability with Virtualization, 
PhD Dissertation outline presented to the Graduate School of University of Massachusetts, Amherst, Computer Science 
Department, U.S.A.  

[8] Siemens, (2013), Totally Integrated Power-Application Models for Power Distribution in Data Centres. 
[9] Sauls, G. (2010), Introduction to Data Centres, Certified  Data Centre Specialist. 
[10] Aebischer, B., Frischknecht, R., Genoud, C., Huser, A., and Varone, F. (2002),  Energy and Eco-Efficiency of Data 

Centres. A study commissioned by Département de l'intérieur, de L'agriculture et de l'environnement (DIAE) and 
Service cantonal de l'énergie  (ScanE) of the Canton of Geneva, Switzerland. 

[11] ACEEE & CECS (2001), Analysis of Data Centres and their Implications for energy Demand. Washington, DC, 
American Council for an Energy Efficient Economy (ACEEE); Centre for Energy and Climate Solutions (CECS), 
(2001). 

[12] Brown, E., Elliott, R.N., and Shipley, A. (2001), Overview of Data Centre and Their Implications for Energy Demand. 
Washington, DC, American Council for an Energy Efficient Economy (ACEEE), Centre for Energy & Climate 
Solutions (CECS). 

[13] Mitchell-Jackson, J.D., Koomey, J.G., Nordman, B., Blazek, M., (2001), Data Center Power Requirements: 
Measurements from Silicon Valley, Master’s Thesis, Energy and Resources Group, University of California, Berkeley, 
California. Available at: http://enduse.lbl.gov/Projects/InfoTech.htm (Accessed on August 10th, 2014). 

[14] World Economic Forum and McKinsey & Company (2014), Risk and Responsibility in a Hyperconnected World. 
Available at: http://www.wef.org/research (Accessed on September 11th, 2014). 

[15] International Data Corporation (2014), IDC Lowers IT Spending Forecasts Due to Emerging Markets and Mobile 
Devices Slowdown. Available at: www.idc.com  (Accessed on May 16th, 2014). 

[16] The Gartner Group (2014), Gartner Cuts 2014 Global IT Spending Growth Forecast to 2.1%. Available at: 
http://www.theoutsourceblog.com/2014/07/gartner-cuts-2014-global-it-spending-forecast-to-2.1%/  (Accessed on 
August, 21st, 2014). 

[17] Muralidharan, N. (2010), Data Centre Business Opportunities: A Case Study with SWOT Analysis.  
[18] American Power Conversion, APC (2003), Determining Total Cost of Ownership for Data Center and Network Room 

Infrastructure, Technical Report White  Paper No. 6, Revision No.3. 
[19] Kevin, L., Parthasarathy, R., Jichuan, C., Chandrakant, P.D., Trevor, M., Steve, R. (2008), Understanding and 

Designing New Server Architectures for Emerging Warehouse-Computing Environments, IEEE Computer Society, pp. 
315-326. 

[20] Patel, C.D., and Amip, S.J. (2005), Cost Model for Planning, Development and  Operation of a Data Center” Internet 
Systems and Storage Laboratory, HPL-2005- 107(R.1), HP Laboratories, Palo Alto, CA, U.S.A.  

[21] Maltz, D.A., Greenberg, A., Hamilton, J., and Patel, P. (2008), The Cost of a Cloud: Research Problems in Data Center 
Networks, Microsoft Research, Redmond, WA,  USA.  



  

 

 

 

18 

 

 

Computing, Information Systems, Development Informatics & Allied Research Journal  
Vol. 8  No. 2, June, 2017  -  www.cisdijournal.net  

 

 

[22] Rasmussen, N. (2013), Data Center Projects: System Planning, Technical report published by American Power 
Conversion, APC, White Paper No. 142.  

[23] Rasmussen, N. (2007), Power and Cooling Capacity Management for Data Centres, Technical report published by 
American Power Conversion, APC, White Paper No.  150.  

[24] Rasmussen, N. (2005), Implementing Energy Efficient Data Centers, Technical report published by American Power 
Conversion, (APC) White Paper No. 114. 

[25] Rasmussen, N. (2008), An Improved Architecture for High-Efficiency, High Density Data Centers Technical report 
published by American Power Conversion, (APC) White  Paper No. 126. 

[26]  
[27] Handlin, H., and Thrash, B (2013) Using a Total Cost of Ownership (TCO) Model for  your Data Centre, Technical 

Report published in Industry Perspectives, a content channel at Data Center Knowledge magazine. 
[28] Brill, K. (2007), The Invisible Crisis in the Data Centre: The Economic Meltdown of Moore’s Law, Uptime Institute 

White Paper. 
[29] Miller, R., (2006), Data Center Costs and Moore's Law, Computerworld Publication. Available at: 

http://www.computerworld.com (Accessed on June 10th, 2014). 
[30] Miller, R. (2009), Data Center Construction Costs Move Lower. Data Center  Knowledge Publication. 
[31] Barroso, L.A., Holzle, U. (2009) The Data Centre as a Computer: An Introduction to the Design of Warehouse-Scale 

Machines. Synthesis Lectures Series on Computer Architecture No. 6, pp. 39-76. 
[32] Hilbert, M., & López, P. (2011), The World’s Technological Capacity to Store,  Communicate & Compute Information. 

Science, 332(6025), 60–65. doi:10.1126/science.1200970, pp. 956-979. Available 
at:www.martinhilbert.net/WorldInfoCapacity.html (Accessed on June 2nd,  2014). 

[33] Reichle & De-Massari AG (R & M) (2011), Data Center Handbook V 2.0, pp. 20-26. Available at: 
www.datacenter.rdm.com (Accessed on September 11th, 2014). 

[34] Garg, A. (2011), Cloud Computing For the Financial Services Industry. 
[35] Wikipedia, (2014), Cloud Computing, Available at: www.wikipedia.com (Accessed  on August 10th, 2014).  
[36] Robison, J.W. (2010), Free at What Cost? Cloud Computing Privacy under the  Stored  Communications Act, Vol. 

98:1195, pp. 1195-1204. 
[37] Chandran, P.S., and Angepat, M., (2010), Cloud Computing: Analysing the Risks Involved in Cloud Environments. 

Research paper from School of Innovation, Design and Engineering, Malardalen University, Vasteras, Sweden, pp. 1-5. 
[38] Hinchcliffe, D. (2009), Next-Generation Enterprises: What Does Cloud Computing Cost? An Analysis of the Top 

Vendors. 
[39] Shawish, A., Salama, M., Xhafa, F., and Bessis, N. (2014). Cloud Computing:  Paradigms and Technologies, Inter-

cooperative Collective Intelligence: Techniques  and Applications, Studies in Computational Intelligence 495, DOI: 
10.1007/978-3- 642-35016-0_2,_Springer-Verlag Berlin, Heidelberg. 

[40] Rahman, A.A., and Uddin, M. (2011) Virtualization Implementation Model for Cost Effective and Efficient Data 
Centres, International Journal of Advanced Computer  Science and Applications, (IJACSA), Vol. 2, No.1, pp. 69-
74. 

[41] Daniels, J. (2009) Server Virtualization Architecture and Implementation In  proceeding of  The  ACM 
Crossroads Series, Vol. 16, No. 1. Available at:  http://www.acm.org/crossraods (Accessed on March 13, 2014).  

[42] Cook, M.A. (1996) Building Enterprise Information Architecture: Re-engineering Information Systems, Prentice Hall. 
[43] Patel, C.D., Sharma, K.R., Bash, E.C., and Beitelmal, M. (2006) Energy Flow in the Information Technology Stack: 

Coefficient of Performance of the Ensemble and its  Impact on the Total Cost of  Ownership" Internet Systems 
and Storage Laboratory,  HPL-2005-107(R.1), HP Laboratories, Palo Alto, CA, U.S.A. 

[44] Simpson, J., Simpson, E. (2003). Cap Rate Follies, Commercial Investment in Real Estate (a publication of the 
CCM Institute), July-August, 2003. Available via: http://www.ccim.com/JrnlArt/20030811a.html (last accessed online 
January 4, 2014). 

[45] Sivitinades, P., Southard, J., Torto, R. G., Wheaton, W. C., (2001) The Determinants of Appraisal-Based Capitalization 
Rates, Technical report published by Torto Wheaton Research, Boston, MA, U.S.A,  

[46] Kalich, R., Barua, G. (2002) Real Estate Workshop", Rocky Mountain Institute Data Centre Charette, San Jose, CA, 
U.S.A. 

[47] Patel, C. D., Bash, C. E., Sharma, R. K, Beitelmal, A., Friedrich, R.J. (2003) Smart Cooling of Data Centres”, 
IPACK2003-35059, The PacificRim/ASME International  Electronics Packaging Technical Conference and 
Exhibition (IPACK’03), Kauai, HI,  U.S.A. 

[48] Patel, C.D., Bash, C.E, Sharma, R.K., Beitelmal, A., Malone, C. G. (2005) Smart Chip,  System & Data Centre 
enabled by Flexible Cooling Resources,” IEEE  Semitherm, 2005, San Jose, CA, U.S.A. 

[49] Kleyman, B. (2014) The Importance of Cooling and the Cloud. 
[50] Wikipedia (2014) Data Center, Available at: www.wikipedia.com (Link Accessed on  August 10th, 2014).  

 

 

 


