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Abstract

The construction project cycle involves the contribution of several stakeholders at
different project stages, all of whom ultimately influence the building performance.
The challenge is how to successfully transfer knowledge between the various parties
and deliver an optimised facility which performs as designed and meets the client
requirements, including energy efficiency and low total cost of ownership. A
collaborative workshop approach for data centre projects has been developed which
has proven particularly effective when used to develop the design brief and optimise
existing facilities. The data centre industry has the additional difficulty of bridging ICT
and facilities management (FM) disciplines. The workshops allow stakeholders to
gain a common understanding of the issues and include learning modules and
analysis to enhance their technical knowledge. Most failures are caused by human
error and hence awareness and learning are essential to improve reliability. Case
studies include examples where these programmes have enabled operators to make
significant operating cost reductions with short paybacks. This methodology whereby
consultant knowledge of industry best practice is combined with maintenance team
site knowledge helps operators to take ownership of continuous improvement.

Keywords data centre, energy efficiency, collaboration, knowledge transfer,
operational optimisation

Introduction

The building design and construction process involves the contribution of several
stakeholders at different project stages (1) and the success of the project in
delivering the required building performance depends on how effectively information
and knowledge is communicated between the parties. Contractual boundaries often
inhibit a collaborative approach and may result in activities which fall outside of the
responsibility of any party. Each stakeholder has a different perspective;
experiencing the different roles helps them to work in a way which improves how they
relate to others. For example, a design consultant without site operational
experience may be more likely to create complex designs which are difficult to
operate and maintain. This is even more challenging in the data centre industry
which includes IT stakeholders who may have limited experience with the project
process and mechanical and electrical systems design and operation.

Cost of failure

Traditionally, investment decisions are made based on CAPEX with little
consideration given to operating costs, as this is paid for from a different budget. In
mission critical environments, there is a further, hidden cost; the cost of failure. For a
data centre supporting electronic trading for example, a one hour service outage
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could cost the business £10 million (in addition to reputational damage which is hard
to quantify). If such an outage occurs on average once every 10 years, the annual
cost to the business is £1 million per year. This justifies ongoing investment into
reliable systems, maintenance, optimisation and training.

Analysis of industrial failures from a broad range of industries has found that a
universal learning curve applies, whereby as experience increases, failure rate
decreases for both organisations and individuals (2).

For organisations this may be demonstrated by their processes and procedures, for
example assessing organisational operational vulnerabilities in terms of:

Structure and resources
Maintenance

Change management
Document management

Commissioning

U

Operability & maintainability
For individuals, this may be considered as a combination of their knowledge,
experience and attitude.

The risk of failure is lower for a facility which effectively addresses their operational
vulnerabilities, staffed by individuals with the right knowledge, experience and
attitude.
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Figure 1 — Learning curves

Its important to note that all critical systems can and will fail. Companies that
embrace this fundamental knowledge prepare for failure and tend to invest more in
the training of their staff (for example armed forces, petrochemical and nuclear
industries).
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Most failures are due to human error and similarly, opportunities to improve energy
efficiency are unexploited due to human unawareness. Hence a collaborative
approach to increase knowledge sharing and understanding of all stakeholders is
effective in identifying energy efficiency improvements and reducing risk.

CAPITAL
EXPENDITURE

Lifecycle
Costs

TOTAL COST

OPERATING
COSTS

Unawareness

Energy
Costs

Figure 2 - Total cost of ownership

Key problems during the project cycle

Lack of detail in the brief

At this stage the brief tends to be an extension of the business case and as such
tends to focus on maximum design loads and standard redundancy arrangements.
There are many items that could easily be included within the brief if the operations
team are consulted at this stage. These items are unlikely to have any material
impact on the capital project cost but their inclusion could generate significant
savings in terms of reduced downtime or energy consumption. Examples include
equipment references, labelling, colour coding, supplier selection based on
operational experience, graphical display symbols, granularity of metering, choice of
meters, plantroom floor finishes, room labels etc.

Lack of detailed scrutiny of the detailed design before sign off

The brief should be reviewed to determine that key items have been covered.
Suppliers can be specified in these documents but it is important to be aware that a
consultant will tend to specify companies who engage with and support them during
the design stage. Contractors will generally look for a company who meets the brief
in full but at the lowest cost (this is not necessarily bad but it highlights the
importance of the detailed specification). An operations team will generally select a
supplier based on access to engineering support, reliability, cost of spares, cost of
licences. If each party is asked to generate a list of suppliers they will have subtle but
important differences.

The tender process

First past the post tendering is less prevalent in the data centre sector than other
areas of construction however this still tends to be the first point in the process that
the design can be challenged in such a way that deviations start to take place to the
brief. This is a cost focused process and agreed changes can take place to the
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design which are recorded in meeting minutes or notes within financial spreadsheets.
At the conclusion of this stage of the project there can be three documents that are
all subtly different; design brief, tender documents and contract.

Commissioning phase

This phase of the project provides the biggest opportunity for learning and the
transfer of knowledge from the design/construction team to the operations team.
Often this opportunity is missed due to a lack of engagement by the operations team,
the late appointment of the operations team or a lack of structure to the handover
process. The facility is generally only tested to demonstrate the achievement of
contract deliverables i.e. satisfactory operation at full design load, generation of
alarms, redundancy performance, pre-defined failure/maintenance events.

Operations

New employees / consultants getting to know an existing facility for the first time are
usually directed towards the O&M (operating and maintenance) manuals. It is very
rare to find within the volumes of literature and test sheets any document that tells
the reader how the facility was intended to operate. The consultant specification
describes this, however as noted above there are will have been many changes and
refinements to this during the tender and installation period. There may be a load test
document that tells the operator how the system performed under full load conditions
but usually nothing for part loads actually experienced.

Reluctance to change

In most cases there is a lack of engagement between the operations team and the
design/construction team; this coupled with poor quality record documentation makes
the operations team reluctant to make any changes to critical systems. They are
unaware of how it was meant to work and what it was meant to achieve other than at
maximum load. As a result many facilities have the opportunity to be optimised in
terms of energy performance. This can be addressed by considering the question; ‘If
the load | have today had been the specified load for the facility, would the consultant
have designed the facility this way?’ If the answer is no then there is an opportunity
to review the potential for optimisation. Also, ‘Given the equipment now available and
the increased temperature/humidity envelopes for critical IT equipment, would the
consultant have selected these performance parameters?’ Again, if the answer is no
there is an opportunity to review the potential for optimisation. This lack of awareness
also results in equipment being replaced on a like for like basis. It is common to find
facilities that have undergone recent major replacement of chillers with no thought
given to maximising free cooling. Compressor load is usually the largest data centre
energy consumer in the mechanical and electrical services and reducing it can yield
significant operating (and maintenance) cost savings.

The whole process is compromised by a lack of specific detail and apart from the
construction contracts, all documentation should be generated for the benefit of the
operations team.

A Basis of Design document which is generated at the outset and is subsequently
updated at each critical milestone of the process addresses this and can be a useful
reference. It should include the requirement for the performance to be demonstrated
at key loads say 0%, 25%, 50%, 75% and 100% and record what the equipment
arrangement should be for each stage in order to optimise performance while
maintaining the correct levels of redundancy.
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Stakeholders and learning

Kolb describes learning as a continuous cycle of Reflection / Theory / Practice and
Experience; learning is most effective when the learner moves through each of these
stages (3). This applies to both individual and organisational learning.

Try out new ’

aeas Experience Reflection Whathave |
learned?

What was
effective or
ineffective?

_ >

Practice Theory
Apply amended or . What sense can | make of my
new solutions to new new knowledge?
problems Does it fit in with other theories?

Do | have to adjust my
understanding?

Figure 3 —Kolb learning cycle

However in the construction industry, different stakeholders are responsible for each
area: the client reflects on their requirements, the consultant applies theory to create
a design which is then implemented by an installer and left to the operations team to
experience. At each boundary is an exchange of knowledge and information from
one group to the next. How effectively this transfer occurs is crucial to the successful
delivery of the project. A clear design brief / Basis of Design document helps to
ensure the consultant creates a design which fits the client’s needs. A detailed
specification helps ensure the installation team build the project in line with the
design. Site handover including comprehensive commissioning and integrated
systems testing for mission critical environments helps demonstrate that the systems
operate as required in normal and emergency modes. Soft Landings retain some of
the installation team resource for the initial operating period to ensure any problems
experienced at this time can be effectively addressed as part of the defects liability
and warranty period (4). This may include fine tuning of controls to varying part load
and outdoor ambient operating conditions.
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Figure 4 —Project cycle, stakeholders and learning

In the data centre industry, there are additional stakeholders from the IT team and in
a colocation facility there is the further layer of the colocation client / tenant.

Operator :
M&E Business

4

\

Design

Figure 5 - Data centre stakeholders

Commercial pressure on stakeholders generally results in no one pushing past their
contractual boundaries and this often leads to an undefined band of responsibility
that falls between two or more stakeholders. This generally relates to operational
interfaces, many of which are unknown at the project design stage.

Application of collaborative approach

The authors have developed a site-based workshop programme to help data centre

operators to reduce their risk and energy consumption by removing barriers between
stakeholders. Participants gain practical experience in the application of theoretical

Page 6 of 11



CIBSE Technical Symposium, Edinburgh, UK 14-15 April 2016

principles on site and the programme has been developed with the input from a
learning specialist in line with education best practice including the Kolb learning
cycle. The workshops enable the operational team to identify improvements to
reduce energy consumption, improve reliability and reduce total cost of ownership
which they then present to their management. The collaborative way of working with
the operations teams helps provide them with the knowledge and ownership to make
improvements. Increasing participant awareness of energy and system interactions
enables optimisation of energy and targeting of savings in their own data centres.
Participants also gain a greater understanding of how to improve reliability and
resilience and enhance confidence in operation.

The facilities under review are live data centres and therefore require all changes to
be carefully managed in order to mitigate risk and avoid impacting service continuity
and reliability. The workshops contain modules on data centre risk awareness.
Many of the improvements identified have a positive impact on reliability as well as
reducing energy consumption, for example air management to remove server inlet
temperature hot spots; it is a common misconception that energy efficiency can only
be achieved at the expense of reliability. The risk of business disruption must be
taken into account when identifying potential improvements to implement; examples
are given in the case studies below.

A similar approach has also been applied to develop client requirements for new data
centre builds. Project stakeholders (internal and external) participate in workshops to
define the design brief for their new data centre facilities focussing on mechanical
systems and energy efficiency. The workshops provide a framework for participants
to discuss the client requirements and explore design options, with a particular focus
on cooling systems design. This results in an improved understanding and design of
new projects whereby energy efficiency aspects are dealt with from the outset by all
stakeholders.

Experience has shown that ensuring that all relevant stakeholders participate in the
programme is critical to its success. Stakeholders from different teams, departments
and management levels need to be included to ensure their contribution and ongoing
support; everyone has something to contribute and a different perspective.
Innovation can come from all levels and it is participants’ attitude to shared learning
which becomes more important than knowledge and experience.

Effective communication (even in companies which focus on this) is always the
biggest issue. There are often assumptions that everyone in the organisation has the
same base knowledge (“/ know therefore my staff know”), but in reality this is not the
case. Staff have different levels of experience and training and in many cases there
is poor information and knowledge management to share site knowledge with new
team members, e.g. missing record information.

Many hands-on operatives find it difficult to articulate their ideas in writing and may
be unable to frame their views in a context that their senior management understand.
Due to this many good ideas (e.g. for improving risk and/or energy) from the site
team are not fully examined.

Improving reliability requires analysis of the design intent; there is always a big gap in
knowledge of how the systems were designed to operate and react to failure. The
difference in an EOP (Emergency Operating Procedure) for an N+1 system can be
fundamentally different than for an N+2 system yet many facilities that are designed
as N+1 are operating at N+2.
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Similarly, the energy efficiency of a system designed as N+1 is different to one
operating at N+3. Design energy efficiency is usually optimised at full load (which
may never be reached) rather than part load, so operators need to understand how
to operate for best efficiency throughout the facility load growth to avoid wasting
energy.

Reducing energy consumption whilst managing risk

During one workshop programme the 21C control set point for the cooling units was
reviewed along with the opportunity to raise this in conjunction with the associated
chilled water temperature set point. As well as reducing compressor work, increasing
the set point allows the free cooling period to be extended. Initially there was
resistance to this change on the basis that the increase in temperature would reduce
the ‘temperature buffer’ during a mains fail event; a valid concern which needs to be
considered. To do this the team undertook a temperature survey of the facility and
identified a range of server inlet temperatures with a proportion outside of the
ASHRAE (American Society of Heating, Refrigeration & Air Conditioning Engineers)
recommended range: 18-27C (5). The team were initially shocked that they had
equipment with inlet temps in excess of 30C. They assumed that because the CRAC
(Computer Room Air Conditioning) units were delivering air at 21C that cooling was
operating without any issues. Raising the set points at this time would have resulted
in more equipment having elevated inlet temperatures.

The reason for the elevated inlet temperatures was poor air management, however
at first it was unclear who was responsible; the facilities team who supply the cold air
and move the floor grilles or the IT technician who installed the equipment. It became
evident that they all had a role to play in addressing air management.

At another colocation facility the operators were planning to increase server inlet
temperatures and reduce fan speeds in order to deliver a PUE (Power Usage
Effectiveness) (6) reduction in line with company policy. They did this by raising the
supply air from the CRAC units from 21C to 24C, increasing the corresponding
chilled temperature and reducing all fan speeds to 60%. There was an immediate
saving in energy consumption. However this change resulted in complaints from
customers. An air management survey identified that average server inlet
temperatures were 5C higher than the CRAC supply temperatures. This is a classic
example of a team undertaking energy reduction works without fully understanding
the real risks involved. This would have had a more serious impact if these elevated
temperatures had coincided with a failure event.

Resistance to training and collaborative working

Not all operators embrace the ethos of investment in training / workshop-based
problem solving. Typical arguments against it and counter-arguments are listed
below.

‘What if | train all my staff and they Experience has shown that staff feel
leave?’ positive about participating in these
programmes and engagement assists
staff retention. Optimising performance /
identifying unknown risks results in job
satisfaction. Also, ‘What if you don'’t train
them and they stay!’
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‘Most of the operations team work for an
outside contractor. Why should | pay to
train their staff when they already have a
contract to reduce risk and energy
consumption?’

This is a significant obstacle and is a
function of contractual arrangements.
The issue of risk reduction and energy
optimisation can only be addressed by
engagement with all stakeholders.
Existing relationships change significantly
during the programme with the
outsourced engineers taking more
ownership of the facility on which they
are engaged and there is a significant
improvement in teamwork.

‘Most of the operations management and
IT team work directly for the client. Why
should | pay to train their staff when they
get all the benefits in terms of reduced
energy consumption and reduced risk?’

This is a significant obstacle and is a
function of contractual arrangements.
The issue of risk reduction and energy
optimisation can only be addressed by
engagement with all stakeholders. The
relationship changes significantly during
the programme. There are no guarantees
however an external contractor who is
training their staff and delivering savings
should benefit from an improved working
relationship.

‘We can't afford it’

To date, risk and energy reduction
workshop projects have enabled average
energy savings of 12% with an eight
month return on investment. On average
the net cost is negative in a 12 month
period. The best results to date had an
ROI of 7 weeks. In this case the cost of
running the programme was recovered
before its completion.

‘We’re already doing it’ / ‘Staff training is
already in place’.

As far as the authors are aware this
methodology is unique in this sector. This
is not a conventional training programme;
it is employs site-based active learning,
content is bespoke and accumulated
knowledge is retained. The approach
builds on the foundation of staff technical
knowledge from other training and helps
them to apply it in their role.

‘We’re replacing all our plant with more
efficient plant therefore its not worth
doing’

The approach is compatible with any
energy saving initiatives that are
underway and allows the full potential of
such projects to be realised.
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‘If we change anything we become Operational systems do not usually work
responsible. It was designed that way by | exactly as the consultant designed them;
the consultant so we should leave it that | changes are made to address site

J

way problems, e.g. CRAC supply temperature

setpoints may be reduced to eliminate
hot spots, addressing the symptom rather
than the cause. In many cases it is
necessary to revert control settings to the
original design so that optimisation can
commence from a known position.

Conclusions

This approach facilitates communication between different parties, gives them a
better understanding of the project as a whole and helps gives them ownership of the
area they are responsible for. Participants work towards a common goal and are
motivated by a sense of achievement.

Recommendations based on feedback from the workshop programme are as follows:

1.

Develop a Basis of Design document that follows the facility throughout its life and
is updated and signed off at key milestones i.e. detailed design stage, contract
award stage, Practical Completion, Completion and subsequent upgrade /
refurbishment projects. This document should be concise and provide the reader
with a comprehensive overview of the key deliverables of the facility i.e. areas,
number and make-up of floors, limiting structural loadings for all zones, limiting
acoustic criteria, planning limitations, schematic drawings, design criteria (loads,
temperatures, flow rates, redundancy), fault tolerance, concurrently
maintainability or allowable periods for shutdown, critical alarm hierarchy, energy
performance target (PUE etc.), plant replacement strategy etc.

Use the level 4 Systems and level 5 IST(Integrated Systems Testing) period as a
learning opportunity for the operations team. Provide structured, hands-on
training around the commissioning to maximise knowledge transfer.

Provided detailed information in the level 5 commissioning documents to include
temperature set points and control strategy, humidity set points and control

strategy, pressure set points and control strategy, flow rates and control strategy,
protective device settings, timer settings, alarm thresholds, shutdown thresholds.

Provide detailed information in the level 4 and 5 commissioning documentation on
the configuration of plant and design criteria for key load thresholds i.e. 0%, 25%,
50%, 75% and 100%.

Furnish the team with the right skills and knowledge to determine the risk from
their actions and optimise performance.

To date, risk and energy reduction programmes for operating data centres have
enabled average energy savings of 12% with an eight month return on investment.
The authors won the CIBSE Building Performance Training Award for Training in
2015 for their work with Entel, a Chilean data centre operator.

Page 10 of 11




CIBSE Technical Symposium, Edinburgh, UK 14-15 April 2016

References

(1) Guide to Using the RIBA Plan of Work 2013, ISBN 978 1 85946 504 2

(2) Duffey R, Saull J, Managing Risk: The Human Element, John Wiley & Sons,
2008.

(3) Kolb D A (1984), Experiential Learning: experience as the source of learning and
development, New Jersey: Prentice-Hall (0 13 295261 0)

(4) BSRIA BG 54/2014 The Soft Landings Framework

(5) ASHRAE, Thermal Guidelines for Data Processing Environments, Fourth Edition,
2015

(6) Green Grid, White Paper #49-PUE: A Comprehensive Examination of the Metric
(2012)

Page 11 of 11



