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Theo Thiadens c.s.: Green data centres in the Netherlands.

Abstract.

Green data centres are the talk of the day. But who in fact is involved in developing green data centres? What is their contribution? And what does this contribution constitute in practical terms?  This article states which stakeholders are involved in green data centres in the Netherlands, what their involvement is and what effect their involvement has. The article starts by giving the definitions for sustainability and by determining the stakeholders and their possibilities in this field. Next, we examine the actual impact of each stakeholder for arriving at greener data centres. This leads to a number of conclusions for achieving a larger degree of sustainability.
1. Greener data centres.

In 2007, the Dutch Ministry of Economic Affairs commissioned the firm of consulting engineers Tebodin (2007) to examine the consumption of electricity by data centres in the Netherlands. Their report teaches that, in spite of fact that there was only a minimal increase in floor surface in data centres in the Netherlands over the period 2002-2006, consumption of electricity in these centres increased by 74%. In 2008, this electricity consumption was 628 GWhour/year. Seventy five percent of this electricity is consumed by the 70 largest data centres in the Netherlands.  Furthermore, the same study states that in many organizations, between 50% and 70% of the organization’s entire consumption of electricity is used on ICT and its necessary facilities. Apart from energy, the sustainability of the hardware and requirements as used in green data centres is important. 

This article concerns these data centres. It defines who is involved in the realization of more sustainable data centres and how this involvement is established in today’s practice. To start with, the article lists the concepts as used in this field. Next, those involved in sustainable data centres are discussed as well as their degree of freedom to act with regard to the sustainability of data centres. Next, the theory is tested against practice. The article concludes by giving a number of conclusions and by looking ahead.

2. The theory of sustainable data centres.

2.1.1. Concepts: the data centre.

A data centre consists of rooms for performing various tasks. This means that a data centre may include rooms for (see figure 1 (Thiadens (2008),ADC (2006)):

· setting up storage and processing units

· operating the ICT facilities

· producing output on paper

· carrying out production planning

· performance of the tactical service processes and front office processes 


The rooms of the data centres contain ICT hardware, cooling equipment and electrical facilities such as UPS (Uninterruptible Power Supply). The server rooms are usually cooled and kept at a predetermined level of atmospheric humidity. Furthermore, the use of a UPS ensures that electric power is permanently available. The rooms where the hardware is located and the consoles are set up are often fitted with a raised floor and a lowered ceiling. Under the floor, there is space for cables and sensors for detecting fire and water. Fire detectors are also found in the space above the ceiling. 
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  Figure 1.: The floor plan of a data centre (Thiadens, 2008)


The data centre is exclusively accessible to authorised persons. To this purpose, each room is provided with a system for access control and registration.


2.1.2.  Sustainability in data centres.


Since the Brundtland report (1987), sustainability is defined as managing the earth and its natural  resources in such a way that it meets the needs of the present generation without compromising their ability for meeting the needs of future generations. This way, sustainability has two dimensions: place and time. 
The nineties of the previous century saw furthermore the advent of the concept of corporate environmental sustainability (CES). In doing so, the maintenance or increasing of three types of assets take central stage: economic, ecological and social assets. Economic assets are the returns of an enterprise. Ecological assets consist of natural resources such as minerals, woods, rivers and a clean environment. Social assets include both the wellbeing of the company’s own staff as well as the wellbeing of the employees working for suppliers. This concept is also known as ‘triple P’: Profit, Planet, People. 
Recent and future developments with regard to sustainability in data centres are the subject matter of this article. In doing so, this article takes the perspective of the stakeholders, as involved in these sustainable data centres.  They are involved in the realization of sustainability within ICT. This is different from sustainability by means of ICT. In case of sustainability by means of ICT, the ICT is used for working more sustainably. Sustainability in data centres is here defined as follows:


“Sustainable working in data centres means that these data centres use materials and energy 
   in such a way that the environment is burdened as little as possible in the development, use 
  and disposing of materials as well as in the use of utilities such as water, gas and electricity 
  during the set-up, management and operations of ICT facilities.”

2.2. Those involved and their degree of freedom.

The stakeholders as involved in the sustainability of data centres are stated in figure 2. The main stakeholders in this field are: 
a.  legislators and makers of  standards and norms and authorities involved in the implementation of
legislation, standards or norms. Legislators may choose in which way objectives can be achieved.
On the one hand, they can  choose for obligatory legislation; on the other hand, they may decide on legislation that facilitates. Authorities involved in the implementation of norms may choose to enter into binding agreements with trade associations. An example of obligatory legislation is the prohibition on the use of particular materials. An example of facilitating is granting subsidies for particular investments. An example of a binding  agreement is coming to a long-term agreement about pushing back energy consumption, in consideration of which the authority, often a government,  puts the obligation of checking organizations that commit to this on how they comply with environmental legislation in a different way.

b. buyers of facilities and ICT provisions. In the specifications of their procurement, they may include aspects of sustainability, such as the requirements for complying with specific norms, delivery of a specific performance for the company and so on.

c. suppliers of products and services for data centres. Suppliers of products such as cooling equipment and ICT hardware and software can focus on making their equipment  more sustainable and on supplying for example more sustainable paper and toners. They can manufacture products such that in principle, these can be applied from cradle to cradle. Suppliers of services, such as advisors like Gartner and IBM, can use data collections in the field of sustainability in their consulting. And the consulting organization itself can meet the standards in this field.
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      Figure 2.:  Stakeholders and their possible degrees of freedom regarding green data centres.


d. operators of data centres. In the set up and operations of their facilities they can reckon with the sustainability aspect. This includes measures regarding procurement, measures in the field of energy consumption and measures regarding so-called small sustainability.

e. recycling businesses. These receive the materials and ensure that these are optimally processed.

Figure 2 shows these parties. It is also indicated which possibilities they have at their disposal in order to cooperate in the realization of more sustainable data centres.

3. Set-up of the study.

Over the period 2008-2009, the knowledge circle sustainability of the Fontys University examined on the basis of the model in figure 2, how stakeholders in sustainable data centres in the Netherlands handle sustainability in practice. For this study, one decided to use in-depth interviews. In these interviews, the study group used questions that were drawn up in advance. These interview questions were drawn up on the basis of a study of documents and literature. Per group of stakeholders, a set of interview questions was composed. Next, sixteen in-depth interviews took place. Each interview took about ninety minutes and was recorded on tape. The following stakeholders were interviewed:

a. In the field of rules, norms and agreements, two government services were interviewed. One of these services was in charge of carrying out subsidy schemes. The other one took care of the realization of long-term agreements. Both services are part of SenterNovem. The legislator itself, being the European Union or the Dutch legislator was not interviewed. Information in this field was obtained as a by-product of these interviews and by means of studying websites and literature.

b. With regard to the procurement of facilities and ICT provisions, three interviews took place: 
     one at a local government, the city ofAmsterdam, one at the Dutch tax authorities and one at the 
     Fontys University of Applied Sciences.

c.  Suppliers of facilities, ICT provisions and services. Regarding supply of cooling equipment one single interview took place, namely with the Stulz company. Regarding ICT hardware, HP was interviewed. Regarding consultancy, IBM was interviewed. In addition, the Gartner consultancy organization gave a lecture on how they perform sustainability audits in organizations. 

d.  Operators of data centres. In this sector, seven interviews took place. The following companies/bodies were interviewed: internet service provider Byte, the City of Amsterdam, the Kadaster (Dutch Land Registry), the Telecity hosting service, the Rabo Bank, the ICT department of the Fontys University of Applied Sciences and the police in the Rotterdam Region.
e. L&R Recycling, a recycling company.

With the exception of the interviews with internet service provider Byte and hosting service provider Telecity, all interviews were held at organizations that employ over 1000 staff in the Netherlands. Some of the interviewed organizations, such as Senter Novem and L&R Recycling hold a clear position in their field. Others, such as the City of Amsterdam, Gartner, IBM and the Rabo Bank are nationally known for being trendsetters in the field of sustainability or of sustainable data centres or regarding consultancy on sustainable data centres. This way, the choice of organizations includes a bias. One mainly selected organizations that have already earned their spurs in this field to a certain degree.


4. Theory in practice.
4.1. The legislators: how do they work?

The study includes the rules, norms, codes, agreements and subsidy schemes regarding sustainability as shown in figure 3. Figure 3 shows that generally speaking, legislation is made at European
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      Figure 3: Rules, norms, codes, agreements and subsidy schemes.

Union level. Subsequently, European legislation is either immediately effective in the countries of the European Union or is translated into legislation in each of the countries of the European Union. Business may be granted a specific amount of respite for meeting the demands of this legislation. Therefore, one supplier remarks that in the year 2009, the impact of this legislation is still in its infancy.

European legislation seems to focus particularly on the handling of materials. With regard to energy savings, the European Union seems to rely predominantly on a code of conduct. In 2008, the European Commission released the Code of Conduct on Data centres Energy Efficiency. The European Union is of the opinion that by measuring and monitoring their own energy consumption, organizations will start to think twice about this energy consumption and will amend this. Large organizations such as Telecity and the Rabo Bank have signed this code and regularly report their energy consumption in conformity with the guidelines of the Code. 


With regard to standards, such as the Energy Star Label for sustainable procurement, which in the Netherlands has been translated by Senter Novem into a Dutch norm, one may establish that these do as yet not cover the entire field of the facilities for data centres and the ICT provisions needed for these. They mainly concentrate on workstations.

Moreover, within the European Union, governments can come to long-term agreements on the use of energy and promote the economic consumption of energy by means of subsidies. In the Netherlands for example, long-term agreements for pushing back energy consumption were made with the ICT sectors. The ICT Office trade organization agreed with the State Secretary for Economic Affairs that ICT companies will make an effort to improve their energy efficiency by 2 percent per year.  By arranging these long-term agreements businesses,sector organizations and governments take on commitments with each other. Businesses commit themselves to drawing up an energy efficiency plan, to use 2 % less energy per year and monitor their energy consumption. The sector organization draws up a long-term plan and together with its members carries out a strategic sector study. This provides a route map for energy savings in the period up to the year 2030. The central government commits itself to the pursuit of an active policy aimed on promoting possible plans. This may for instance involve creation of subsidy schemes. Local governments focus their enactment for upholding environmental legislation at organizations that do not participate in the long-term agreement.

Private organizations ultimately can use subsidy schemes. In the year 2009, the most important subsidy regulation in the Netherlands proves to be a regulation regarding tax deduction for energy investment. In 2007, this regulation was used sixty times by ICT service providers. This use concentrated on the cooling of buildings. With regard to the other regulations, organizations often need the assistance of a specialised consultancy agency.


4.2. Procurement and the organization of procurement.

4.2.1. Procurement of facilities and ICT provisions.

Regarding procurement in the Netherlands, one needs to distinguish between the procurement of facilities and the procurement of ICT provisions. In the procurement of facilities, one firstly makes a distinction between purchasing buildings, cooling equipment and energy and secondly, between organizations of the central government and of other organizations. 

In the case of accommodation for the central government, a specific package of demands is drawn up, based on the processes that take place within a specific building. The strategy of the Dutch government focuses on more sustainable construction. This often involves public-private cooperation. The general and technical services for a building for example, are determined for a period of twenty years.  

Energy for central government buildings is purchased collectively. In this case, the developer can choose to use grey or green electricity. Green electricity is electricity produced in a sustainable way using for example wind turbines or water turbines. The Dutch Tax Authorities use only green electricity. The electricity consumption of this service with its 35,000 employees is about 70 million kilowatt-hours per annum. The interviewed local council of Amsterdam also used green energy for its electricity. This energy is purchased on the basis of a framework contract. At Fontys Universities, the ICT department draws up the demands for housing, energy and cooling. Next, this is purchased by their procurement department. The department responsible for housing monitors the measurements of energy consumption. 

In the interview on the procurement of buildings, cooling and energy, the buyers of the City of Amsterdam and those of the Fontys Universities remark that in their case, there is consolidation of many small data centres into one single big one with an emergency fallback data centres. This concentration of facilities results in considerably less energy consumption. In this consolidation, one also investigates better use of storage and processing capacity. This way, consolidation of ICT provisions has more impact than the replacement of old ICT hardware by entirely new. Furthermore, the buyer of the Fontys University of Applied Sciences remarks that in 2009 the procurement of housing and energy is separated from the procurement of ICT.     
With regard to the procurement of ICT provisions, the study is limited to the purchase of workstations. In the organizations as studied, one only discovered specifications regarding the purchase of workstations, in which the requirements were formulated from the perspective of sustainability.  Two recent specifications were examined in more detail. These concerned framework contracts for the purchase of hundreds of workstations. In studying these requests for a quotation, it emerged that governments copy their sustainability criteria from the Energy Star Label or from norms that have been derived from this. The examined organizations remarked that all A- brands for workstations comply to the norms of  the Energy Star Label and so compliance to this norm is not really a distinguishing criterion.

Therefore, government organizations often take things a step further. The Fontys University and the City of Amsterdam usually ask the supplying organization questions such as:

· what would you advise with regard to the sustainability of the workstation?

· which social return could you offer our organization (e.g. work placements, employment, education opportunities)

Next, these organizations include the answers to these questions in a ratio, which is indicated in advance in their decision making. Both the City of Amsterdam, as well as the Fontys University of Applied Sciences indicates that in 2009, price/performance ratios are given priority over sustainability. Besides, they state it is impossible to include in the assessment of quotations, whether a product or service is realized in a socially responsible manner. The reason is that European outsourcing criteria, which governments legally have to use, prohibit inclusion of the manufacturing method in the buying decision.

4.2.2. Organizing procurement for using it as a strategy tool.


Counotte (2009) remarks that in order to achieve that procurement of provisions is used as a tool for operating more sustainably; there should be a clear strategy from the top of the organization. In that case there has to be:

· a strategic interest in choosing sustainability 

· sufficient internal expertise available within the organization

· a certain openness in the organization regarding external contributions; 

· clear participation of employees, who also view sustainability as a normal component of operational management. 
Should one next examine whether organizations are set up for giving the sustainability aspect attention when procuring, one then has to discuss the set-up of the organization, the reportage on the progress of the procurement strategy regarding sustainability and the way one cooperates with third parties.

In our research, the support for sustainability from the top in each of the studied organizations was investigated. The City of Amsterdam and the Dutch Tax Authorities both have policy plans in this field. At the municipality and the Rabo Bank, the organization is clearly set up to give attention to sustainability. The topic is dealt with starting from the top of both organisations. At every level of the organization, managers pay attention to sustainability topics and have to deal with key performance indicators. At the municipality, procurement regarding ICT is taken care of by a team consisting of staff of the ICT department, the environmental department and the procurement department. The Rabo 
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      Figure 3:  Number of devices to be recycled on an annual basis and their depreciation period.


Bank has a corporate social responsibility directorate, which directly reports to the Executive Board. Furthermore, each part of this bank has to periodically report on energy consumption.

However, in many organizations, the organization surrounding sustainability is still in its infancy. The Tax Authorities have a policy advisor who has sustainability in his portfolio. Internal reportage on the sustainability aspect is sub optimal in most of the studied organizations. Collaboration between organizations regarding sustainability as it turns out, is slowly starting to gain speed.

In this, the central government is ahead of the other authorities and the latter in turn are ahead of the educational institutes. 


4.3. The suppliers of facilities and ICT provisions.

Apart from suppliers of energy, data centres use suppliers for cooling equipment, ICT hardware and for resources such as toners and paper.

With regard to cooling equipment, suppliers need to be able to supply equipment that is capable of switching off individual parts automatically or to switch to cooling by means of outside air. The parts of a cooling installation that demand the most energy are the compressors, the ventilators and the pumps. When less cooling is required, the compressors will be switched off first, whilst the pumps and ventilators continue to function. At even lower temperatures, the ventilators will also run slower. Cooling units are explicitly referred to in the plural because cooling facilities have to be modular whenever possible. This allows for addition and reduction of cooling capacity in increments. This also means that compressors, pumps and ventilators hardly ever need to operate at full capacity, which saves energy. If furthermore, the temperature of the outside air is sufficiently low, then it should be possible to just use outside air for cooling. 

During the study it was established that in the Netherlands with its average temperature of 11° Celsius only the larger data centres use cooling by means of outside air and make use of a modular set-up of the cooling installation. Furthermore, new methods for cooling are often not discussed until a new data centre is started. 

The same goes for the modular set-up of uninterruptible power supplies (UPS). A UPS should be set up modular, thus enabling adjustment of the UPS capacity according to the situation. This because the UPS capacity is not used to its full potential in many organizations.

For suppliers of ICT provisions, the sustainability aspect turns up as soon as customers decide to renew their hardware and when they need to comply with legislation. It appears that the interviewed customers proceed to purchase more sustainable hardware when the economic lifespan of their old hardware has expired and not before. In that case, sustainability is one of the criteria at acquisition. 

Moreover, at acquisition suppliers often have to guarantee that they will take care of environmentally friendly disposal of the purchased hardware or resources. Suppliers take care of this by concluding contracts with recycling companies. In reality, this involves the disposal of hardware such as servers, laptops, monitors, keyboards and computer mice or parts thereof such as cables or resources such as toners and cartridges. At disposal, the hardware and resources are collected and these will ultimately end up with recycling companies. In these companies, these objects are disassembled. Monitors for example are dismantled and separated into plastic parts, electronics, cathode-ray tubes and wiring. These parts are sold on or further processed by specialist companies. One organization for example is specialised in the processing of the cathode-ray tubes and another organization in recovering precious metals. Every year, 45 million kilos of ICT hardware is introduced to the Dutch market. Over twenty million kilos of this is recycled via the ICT-Milieu (ICT Environment) foundation, which is part of ICT Office, the  sector organization for ICT. Three hundred members of this sector organization participate in its ICT collection system. Figure 3 gives an impression of the number of devices as used in a school, a municipality and a bank.


4.4. Data centre operators.

4.4.1. The situation.

Within the framework of this study, three types of data centre operators were interviewed. These are organizations with in-house data centres such as the Fontys University of Applied Sciences, the City of Amsterdam and the Rabo Bank; organizations that have placed their ICT provisions in a computer room that is managed by a third party, such as the Kadaster and internet service provider Byte; and organizations that manage these computer rooms, such as the Telecity Group. 

With the latter, the Dutch government came to an agreement at sector level in 2008. This agreement is known as the MeerJaren-Afspraak energie-efficiëntie (Long-term agreement on energy efficiency in the Netherlands) (MJA) for the ICT sector. In long-term agreements like this, businesses, ministries, sector organizations as well as provinces and municipalities enter into obligations with each other. 

Apart from long-term agreements, data centres have to deal with Codes of conduct, which originate from the European Union. Since 2008, there is the Code of Conduct on Data Centres Energy Efficiency. The idea behind this Code of Conduct is that organizations by measuring and monitoring their own energy consumption in detail will start to reflect on this energy consumption and adjust it.  


4.4.2. Generic measures for arriving at a larger degree of sustainability.


According to Rasmussen (2006) and Van de Graaf (2009), the demands on reduction of energy consumption and arriving at the use of more sustainable materials can be achieved by operators of data centres by taking the following measures: 

1. Measures with regard to cooling. This includes the use of free cooling and the positioning of 
cooling equipment in the room at the data centres
2. Consolidation and virtualisation of ICT provisions. This  leads to concentration of facilities in a 
limited number of locations, concentration of applications on a limited number of servers and 
concentration of data storage.
3. Optimisation of the lay-out of the data centres. This includes an optimum position of the hardware, 
an optimum flow of warm and cold air through the centres, optimum positioning of the tiles 
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Figure 4 : Six possibilities for arriving at a more sustainable data centres.



with openings in the computer floor, inclusion of hot and cold corridors when placing racks 
with ICT equipment etc. 
4. Improvement of the cabling and the electricity supply.


This includes the use of new UPS equipment, separation of power and data cabling, 
installation using flexible and coverable cable channels.
5. Replacement of older equipment, depending on the depreciation period. Energy savings through 


using for example LCD screens and blade servers.
6. Introduction of the small sustainability such as working with lights off, switching off equipment 
automatically, remote operation of data centres.

Figure 4 shows the effects of possible measures on energy consumption. This does not take into account that manufacturing of devices such as for example LCD screens, which consume little energy when used, do cost more energy in the manufacturing process as compared to old-fashioned cathode-ray tubes. Apart from taking these measures, the choice of location for a data centre is important from a sustainability perspective. The use of free cooling for instance, requires a low outside temperature. Being able to reuse heat demands that centres are positioned in an area where one is able to reuse this heat, such as for example in market gardening businesses. 

In the construction of sustainable data centres, data centre operators may utilize standards. Currently, the TIA-942 standard is operational. The  standard norm NEN 381888 is under development. The TIA standard deals with the lay-out of the data centres, its cabling, the degree of availability of the data centres as pursued and the environmental considerations that need to be included in the design. The latter considerations concern the mode of fire protection and the materials used in this, the humidity levels in the centres and the specifications for electricity and cooling. Some of the requirements to data centres are subject to the desired availability of the ICT provisions. This desired availability is expressed by means of a tier classification. Better availability often leads to deployment of more hardware. And extra hardware means extra cooling equipment, extra materials etc.. A demand for 99.995% availability leads to an N+N demand with regard to hardware. This means that for every device, exactly the same device is on standby. At N+1 (99.982% availability) there is at least one device on standby for every type of device.
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                        Figure 5 :  Location, concentration of and layout at data centres.

4.4.3. The practice at the five studied data centres.


4.4.3.1. Major actions in the field of sustainability.

Figures 5 and 6 show which of the measures, as stated in figure 4, are implemented in Dutch practice.  The figures are limited to the most important  measures. Figure 5 mainly focuses on measures that involve location, the use of outside air, the use of energy measurements and aspects of data centres layout. Figure 6 describes the concentration of ICT equipment, their consolidation and the use of new ICT equipment in these data centres.

Figure 5 demonstrates that in 2009, the concentration of facilities is given priority in the five organizations that were studied. Both the Rabo Bank as well as the City of Amsterdam is trying to consolidate hundreds of data centres into a few large ones. For computer hosting organizations and their customers, the measuring of energy consumption turns out to be a matter of course. Computer hosting organizations such as Telecity and KPN Getronics are charging the use of floor space and energy consumption separately. If necessary, the energy consumption can be specified for each device. Under normal circumstances, demands to the availability of facilities, result in at least one device of the same type as the device in use being on standby. 

The answers are variable, when asked about the location of hardware based on energy consumption. 
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Figure 6 : Consolidation, virtualisation and new hardware.


With regard to this, it is noticeable that the use of hot and cold corridors as well as the covering of cable channels is often omitted. 

Figure 6 deals with the ICT equipment themselves. Figure 6 shows that in 2009, consolidation and virtualisation of ICT provisions is the done thing. This consolidation and virtualisation is often goes hand in hand with the standardization of applications and infrastructure. The consolidation process runs parallel with concentration towards a smaller number of data centres. In the Netherlands, this process has been started in the last few years. Virtualisation for the benefit of servers and storage capacity runs parallel to this. 

In general, renewal of hardware does not take place until an entirely new data centre is installed or when the depreciation period finishes. From the interview, it transpired that when purchasing new hardware, the costs are often the clinching argument. More modern hardware so it appears, is not considered until the economic lifespan of the hardware has expired. New cooling methods are especially discussed when a new data centre is started. Closer examination of figure 6 confirms that the use of new hardware that uses less energy is given little attention. The deployment of blade servers has only recently and gradually become something worth considering. 

The last and certainly not least important point concerns small sustainability. This small sustainability is encountered at workstation level across the entire organization. In various locations in data centres, one has to deal with ICT hardware such as telephones, personal computers (PC’s), notebooks and printers. In every organization that was studied, the cathode ray tubes have by now been replaced by more energy friendly liquid crystal displays (LCD”s). In a number of organizations double sided printing and compulsory use of the departmental printer has been introduced. At Rabo Bank, the reuse
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 Figure 7 : Small sustainability in data centres.

of notebooks and mobile phones is standard. This bank has a separate organization unit that enables this reuse. It also turns out  that employees are increasingly more aware of the effect that the use of ICT has on the environment, even if this is sometimes just because of the frequent awareness campaigns as seen on television and as well as within the organization. Users of ICT can play their rol by having a carefull attitude with regard to the use of energy and attention for use of materials that can be recycled.

In many organizations, lights out data centers are used. These data centers are  remotely  controlled. They are cooled down to a suitable selected temperature, which is not too low (see figure 7).


4.5. The suppliers of consultancy services.

When advising on sustainability, the study is aimed at the availability of indicators and measurement data and at the use of measurement data in the advice. Next, we will discuss the availability of indicators as well as the use of measurement data as stored in a database in advising on sustainability.

4.5.1. Indicators for advising.

The indicators as used by consultants when making visible sustainable energy consumption and use of materials already partly exist. These indicators mainly refer to the way in which an organization deals with energy. At data center level, one uses the PUE as a standard. PUE stands for Power Usage Effectiveness. The PUE is equal to the entire energy consumption of a data centre divided by the energy consumption of ICT hardware. This PUE is a standard that was developed by the Green Grid, an organization of ICT professionals. 

The Green Grid (Belady, 2008) remarks that there is no total view of PUEs for all data centres. Furthermore, measurements by the Lawrence Berkeley National Laboratory (Belady, 2008) in 22 data centres provide PUE values of between 1.3 and 3.0.  These values were also found in the study. However, the main conclusion of the Dutch study is that the availability of measurements and therefore indicators does differ per organization. In this field, the studied bank was an example. At the bank’s data centres, the used energy was measured at every level: at the device, at the rack, at the housing, at the main distributor and at the energy provider. The data centres of the Rotterdam police did not have this data and confirmed this when it asked for external advice on how to make their data centres more sustainable. When using hosting companies, it is the customer who decides at which level they receive data on their energy consumption. The hosting companies that were researched make for each of their customers their own power distribution unit (PDU) available and the hosting company reports on the consumption per appliance, provided that this is connected to a separate PDU connector. The customers are responsible for the connections.

Furthermore, reuse of materials is an important aspect of corporate sustainability. At organizational level, it is often not exactly known what percentage of the procured ICT materials is recycled. Forerunners such as the Rabo Bank have entirely organized reuse or disposal of ICT equipment and supplies themselves. 

4.5.2. Advice based on measuring data and use of a central database.


4.5.2.1. Starting points for advising.

Advice on sustainability may take place on the basis of a global analysis or on the basis of a more specific one. A global analysis investigates the strategy regarding sustainable ICT and its execution for the entire organization. The results of this investigation are compared with the results of a similar investigation in comparable organizations. 

Gartner’s advice is an example of a global analysis. Gartner developed this global analysis in cooperation with five large organizations in Great Britain. After each interview, the answers as given by an organization are stored in a database. This database includes data of all the organizations worldwide that have participated in this type of Gartner study. By the end of 2008, this database included the data of around 125 large organizations. These organizations employ between 2,000 and 300,000 people. During the interview with the Kadaster and the Rabo Bank it transpired that in their efforts for working more sustainably, they are supported by Gartner. With regard to this, the Kadaster was still at the start of the study and the Rabo Bank had clearly been involved in this for several years. Therefore, subjects such as lifecycle management, replacement strategy, and sustainable procurement   came up structurally in the interview with the Rabo Bank.

A more specific analysis goes into the sustainability of a particular part of the organization, such as a data centre. IBM’s advice on sustainable data centres is an example of this. This type of advice is discussed in more detail below.

In both types of advice, employees of the organization as well as the consultancy agency are teamed up. They collect the data, analyze this and compare this to the data provided by other organizations, which is stored in their database. Finally, they report their findings to their client. .
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Figure 8.: Subjects when investigating the sustainability aspects of a data centre.


4.5.2.2. Investigation of the data centres.

The analysis of a data centre (Van der Graaf, 2009) concerns four parts. These are:


1. investigation of the management;

2. the making of an inventory and analysis of applications and dealing with data; 

3. the making of an inventory and analysis of ICT provisions such as servers and storage media;
4. the making of an inventory and analysis of facilities such as electricity and cooling

Figure 8 gives a global outline of the four parts. The investigation roughly takes place according to the step-by-step plan as described below:

1.
During a preparation phase, the customer is asked to collect a limited number of data on their own data centres. This provides them with a fairly clear idea of the position of their organization. This also creates a basis for further research.

2.   The team is created. This team is chaired by someone of the investigated organization. It 
consists of representatives of the data centres and employees of the advisory organization. The 
team reports to the steering committee. Next, the team meets, discusses the data collected 
during the orientation phase, decides what the next steps should be and what data needs to be 
collected.
3. The team collects the required data. For this, specialists in the field of housing and IT are questioned. This step also includes a visit to the investigated data centres.
4. After having been checked and possibly added to, the collected data is analyzed. Next, the analysis is put into a report; this is discussed by the team and if necessary amended.

5. Finally, this report is presented to the client.

In the Netherlands, the abovementioned investigation usually takes place for data centres of between 50 and 1000 square metres in size. Van der Graaf (2009) states that analysis often shows that it is possible to save between 30 and 70% in energy costs. If consolidation and/or virtualisation means a change from five servers to one single large server, one is able to save 60% in power consumption.


5.  The status: the stakeholders, their position and the future.

In the above, the involvement of six stakeholders in the sustainability of data centres has been examined. These stakeholders were legislators, suppliers of products, the buyers of facilities for data centres, data centre operators, advisors and recycling companies. It was established that in the Netherlands: 

a. legislation regarding sustainability of materials predominantly originates from the European Union. 
Furthermore, it became clear that governments mainly attempt to realize energy economies by 
means of codes of conduct, long-term agreements and by subsidizing facilities. With regard to 
this, it has to be concluded that the use of subsidies mainly focuses on whether the investment 
is tax deductible and that in 2008, this use is limited to 60 subsidy applications per annum.

b. buyers of facilities for data centres mainly formulate demands from a sustainability perspective in 
their request for a quotation for workstations. As far as buyers of authorities are concerned, 
these demands go further and they ask questions about the contribution of a supplier to the 
government’s organisations primary process. 

c. suppliers of facilities and ICT provisions should have products that do meet the current and future 
requirements with regard to sustainability. Supplier of cooling and UPS should make these 
modularly connectable. Furthermore, the suppliers of cooling should be able to provide 
cooling units that use outside air (free cooling). Suppliers of ICT provisions could gain from 
giving more attention to the environmental aspect of  equipment and materials like toners. This 
will make it cheaper for them to guarantee recycling. 

d. data centre operators can be distinguished into two types. The first type consists of data centre 
operators that are part of a larger organization. The second type consists of computer hosting 
companies. In 2009, operators of in-house data centres are involved in concentration, 
consolidation and virtualisation of their ICT provisions. They often do not procure new 
hardware until the old hardware has depreciated. Furthermore, these operators do not always 
measure their energy consumption in enough detail. When designing new   data centres, sustainability may play a part. 


Computer hosting companies charge both for used computer surface as well as used electricity 
at any required level. If necessary, they need to be able to advise their customers on the 
implementations with regard to the energy consumption of their hardware.
e. in 2009, advisors in the field of sustainability such as Gartner and IBM are building a database with 
data regarding sustainability together with their customers. On the basis of this data, advice is 
given. In that case, it is always questionable what quality the data in this database is.

Looking at how these stakeholders deal with sustainability it is conspicuous that there are still clearly underexposed aspects with regard to data centres. Legislation, directives and norms do not fully cover the area in question. With regard to procurement for example, the only available norms are the ones regarding workstations and sustainability is also an item that often does not really count that much. In data centres, detailed measurement of energy is often insufficient. 

One has to conclude that sustainability in data centres seems to be at its early stages of development in the Netherlands. Few organizations have, as indeed the Rabo Bank and the City of Amsterdam have done, given a place to sustainability in their organizational structure from top to bottom. This means that the situation as shown in figure 9, in which a data centre organization governs on sustainability to its optimum extent, is hardly present in the Netherlands.

[image: image10.emf]
               Figure 9 :  Government and information in a “green” data centre.
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