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SUBJECT OF THE PROJECT

Retrofitting of Central Computing and Library Facility

The University of Bradford is committed to developing a sustainable campus over the
next 10 years through its flagship Ecoversity programme.

“‘Ecoversity is the name given to the Universities programme of embedding
sustainable development across the whole of the institution. The ambitious and
visionary programme is creating systemic change across institutional practices,
behaviours and norms. It covers the sustainability performance management of
University operations; embedding Education for Sustainable Development (ESD) in
the learning experience of all our students and prioritises and advocates social and
ethical responsibility, wellbeing and community engagement. Most significantly it
seeks to shift the institutional culture where sustainable development becomes the
new business as usual rather than an exception or add-on. The University is not

claiming that it is an exemplar ‘sustainable’ institution, rather on a journey towards

becoming an “Ecoversity and a beacon for the sector.”
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CHAPTER 1
PROJECT BRIEF

1.1 Introduction

During the past few years alternative ways of sourcing energy have been invented to
replace the existing non-renewable energy sources that are slowly being used up.
Now more than ever, it's necessary to address greater use of renewable energy
sources which will lead to greater sustainability and have a more positive

environmental impact.

Scientist’s claim, the dramatic loss of energy, especially in buildings, can be reduced
by implementing new technologies. Buildings such as hospitals, factories, company
blocks, libraries and other public places could be retrofitted or reconstructed for
better energy saving purposes. Nowadays both technology and engineering have
been improved and specialised to find ways to eliminate energy losses and apply
sustainable technology within these structures. Retro-fitting refers to the addition of
new technology features to older systems, in our case the retro-fitting of the library
will consist of improving the existing building with more energy efficient equipment.
The improvements made by retro-fitting will be measured against the carbon
emissions of the existing building. It is a solution for all the existing buildings to

achieve a zero-carbon emission target.

Although retro-fitting an existing building, with sustainability in mind, is a challenge
for an engineer and has a lot of benefits on energy efficiency, it is not as efficient as
building a new building under zero-energy development requirements. To create an
environmentally friendly building (only to minimum), we will need to attach wind
turbines or solar panels. On the other hand attaching environmentally friendly
equipment on the exterior of a building does not mean that will achieve 80-90%
energy saving. Doing this can be proved useless or dangerous in big buildings where
there is the possibility of vibrations resulting in detachment of equipment. Existing
buildings can be retrofitted using low-cost solutions including fitting thermostats to
central heating systems, use of low-energy light bumps, etc.

School of Engineering, Design and Technology 1
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1.2 Project definition

Retrofit used for modernising or utilising new or modified parts, systems, devices, or
equipment onto an existing structure. The project deals with the retro-fitting of
Central Computing and Library Facility to a factor 10 engineering design. The
challenge is to retrofit the University of Bradford’s J.B. Priestley Library by applying
the latest technology and knowledge, to achieve a 90% reduction in resource
consumption, for at least the next 20 years, under ecoversity restrictions.

Due to the library having multiple functions and uses, this results in a large amount
of energy being dissipated in different areas. A public building such as a library is
used daily by several groups of people and for numerous purposes. For this reason,
library facilities should be adjusted to the needs of the users, be up-to-date with
technology development and deal with sustainability issues.

This project will require research, personal knowledge, experiences, team working
across different disciplinarians, inspirations and consideration of collected material
(online survey, questionnaire, literature review, etc). Moreover, all constrains and

benefits of the project will be taking into account.

1.3 Factor 10 Engineering

Factor 10 engineering or 10xE, came about in
1997, when chief engineer Jan Schilham had the 1 OX@
idea to design an energy efficient factory in
Shanghai for the carpet maker Interface Inc. By FACTOR 10
implemented RMI's (Rocky Mountain Institute) ENG'NEER'NG

whole system design approach, Schilham  Figure 1: Factor 10 Engineering

decided to use short, fat, straight pipes, opposed to long slim crooked pipes, in the
plant’'s main heat-transfer pumping loop. By doing this he was able to reduce power
usage in the factory by 86%, which coincidently managed to pay back the cost of the
design changes in just one week due to the savings made.

RMI’'s Factor 10 engineering approach is designed to eliminate ‘bad engineering’
where the engineer thinks about the whole system for multiple benefits opposed to

traditional engineering approach of focussing on optimising a component for a single

School of Engineering, Design and Technology 2
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benefit, by using the model ‘whole-system thinking and integrative design’. By using
this model the aim is to achieve a 90% reduction in resource consumption.
RMI itself lists 17 principles, split into 3 sections (ready, set, go) that needs to be

taken into account when applying factor 10 engineering to a design.

1. Goals

*Define clear, shared, ambitious goals understood by all the team and strive to
choose aggressive goals.

2. Collaboration

*Collaboration across disciplines is essential for whole system thinking.

3. Design non-linearity

*The design process should take a non-linear route, due to each stage revealing
information about previous ideas, requiring the team focus to loop back.

4. Rewards

*Create a smart reward structure, rewarding designers for what they save not what
they spend, motivating creativity, teamwork and radical imagination.

5. End-use

*Define end-use by focusing on why and what the user wants the product for in
order to determine what you’re trying to do. This reveals how to do the right steps
in the right order.

6. Cause of purposes

*Determine systematic causes and ultimate purpose by means of focusing on
ultimate ends not on proximate means by asking ‘why’ until the root of the matter is
resolved.

7. Time and space

*Optimise over time and space to better serve different interests.

8. Baseline values

«Initially before the design calculate baseline parametric values by calculating the
whole system lifecycle and end to end saving of relevant resources.

9. Constraints

*Determine the theoretical minimum energy or resources required and then identify
and minimise constraints, in order to achieve the determined minimum in practice.

w
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10. Clean sheet

«Start with a completely new design space to avoid reproducing an ineffective
product caused by using previous or familiar designs.

11. Measured data

*Use measured data for a design problem, not assumptions.

12. Downstream

*As losses occur at successive steps of the design process, begin saving
downstream at the end-use, turning the losses into savings.

13. Radical simplicity

*Simplify the design, using passive design and inherent control (eliminate parts of
the system not required).

14. Cost tunnelling

*Tunnel through the cost barrier, ignoring investment costs to repay savings, if other
benefits are produced such as integrative design which could create a larger saving
than the initial predicted saving from the singular design.

15. Multiple benefits

*Integrate design parts so each part has more than one benefit (perform multiple
benefits).

16. Meet peak, match average

*Optimise system to integrate over the whole year’s diverse conditions.

17. Feedback
*Monitor and give feedback on the performance of the design.

o
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1.4 Aims
As mentioned before, the project will undertake retro-fitting of the Central Computing

and Library Facilities for the J.B.Priestley Library.

The main purpose is to create an effective plan based on a 90% reduction in
resource consumption. It is known that library hosts plenty of students and academic
staff on a daily basis and consists of multiple functions. Each floor of the building has
different spatial specifications, so for this reason it is important to proceed to
solutions considering the needs of each section separately while still providing a
significant level of luxury. Any change of the area has to maintain or improve the
current services. Aesthetics, computer system, existing materials, power, garbage
and water needs are the main targets of retro-fitting with energy demands aiming to
be reduced by approximately 90%. A survey could be used in order to specify the
existing characteristics of the above factors and try to find out where the best
improvements can be made. Additionally a research with a form of questionnaire
may help asking people their level of satisfaction on each service of the building. A
closer look of the layout can help to find detailed problems and begin thinking of
initial solutions.

Safety is an important factor which should not be underestimated by implementing
any action. Fire and emergency exits must be reconsidered during the design of the
final design. The cost of the project is not specified though the cost must be of logical
basis in order to avoid extreme thoughts and evaluate the conditions of a real life
budget. All these factors often contrast each other thus the situation must be
evaluated in order to find out the best possible solution.

1.5 Objectives
The objectives of the project will be mainly focus on:

B Aim for a zero-energy environment for the library.

B Make use of renewable energy sources.

B Apply sustainable equipment for energy saving (Photovoltaic, Solar cells,
Wind turbines).

B Use of sustainable and recycle materials.

B Be a Factor 10 Engineering design.

School of Engineering, Design and Technology 5
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I Utilise traditional energy saving measures (insulation, double glazing, best
use of natural light, etc).

Reduce Energy library demands by 90%.

Refurbish the interior of the library with eco-friendly materials.

Sustainable changes on the exterior of library building.

Setup an energy program for the computer areas.

Reduce pollution and carbon emissions.

These factors are Environment, Societal, Natural Resources and Economic.
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Figure 2: Arup Spear (Sustainability factors)

(http://www.kingspan.com/kingspangroup/ourresponsibilities/performance/transport/)

A most cost-effective view of retro-fitting is likely to be maintenance or refurbishment
projects. Nevertheless every project includes risks relating to site issues and
specifically for refurbishment retro-fitting programs risks which will have to
concentrate on climate changes during program lifetime. For this reason several
constrains and benefits need to be taken into account throughout the duration of the
retro-fitting. Moreover these factors should be adapted to library functions, needs

and requirements.

School of Engineering, Design and Technology 6
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1.6 Constraints

During Construction Process

Effective retro-fitting require specialist knowledge.
Premises need to be well-adapted to climate changes depending on the area
of construction.
Flooding:
» To face intense rainfall it is necessary to upsize the gutters, down pipes
etc.
» Use of green roofs to reduce the rate of runoff from large roof areas.
» Use of SUDS (Sustainable Urban Drainage System) techniques to
control on site water and reduce offsite results from runoff.
» Use of local defence flooding measures on site to minimise risks.
» Locate electrical systems.
Overheating:
» Change of position and size of glazed areas.
» Protect building from solar gain at high sun angles by use of roof
overhangs, brise-soleil and external shading.
» Use of automated shading systems and smart glazing materials.
» Where necessary use of planting schemes to offer extra shade.
Water stress and conservation (fitting of low-flow taps and flushes on toilets).
Keep Fire EXxits clear during construction process.
Follow health and safety instructions in and off site.
Construction procedure not to be involved or affect library functions.
Ensure that only specialist can enter the construction areas while all others
(staff, students, or any other uses the library) are banned to entry these

premises.

After Retro-fitting

Users to follow rules of library.

Respect of library rooms and facilities.

Remind and obligate users to follow recycling rules (recycling bins).
Protect library equipment (furniture, computers etc) from damages.

School of Engineering, Design and Technology 7
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B Keep clean library rooms while ensure for a daily health environment.
B Ensure everyone is quickly familiarised with library areas and equipment.

B Inform/assist visitors for any changes made on book locations.

1.7 Benefits

Advantages/Benefits of a retro-fitting program:

Significantly minimise utility costs which offer big savings.

Considerable return on investment due to savings made which can recoup the
cost of the retro-fitting program within the next few years.

Diminish maintenance and system repair costs.

Improvement of the overall health and comfort resulting pleased occupants
and users of the building.

Improve safety.

Improve aesthetics.

Reduce risk of costly repairs.

Increase productivity.

Improve energy efficiency.

Figure 3: Stages of a building life

(http://eetd.Ibl.gov/lab2mkt/images/blc.qif)
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1.8 Functions
A library can play an important role in a person’s life, due to its ability to serve plenty

useful functions. A library addresses people of all ages who are willing to promote
reading, research materials and to require access to the large database of
information. It is important to contemplate on how the J.B.Priestley Library is
organised up to now and focus on its main functionality. A library survey states that
only around 10% of the existing books are frequently used whereas the other 90%
are left permanently on bookshelves. Consequently, new book arrangements are
needed to be considered. Initially, it is needed to reduce the amount of books which
can be replaced by electronic books (e-books). Supplementary, there is the
necessity to distinguish books according to user’s preference (high and low) and
store them in separate areas. This will facilitate both readers and staff in the renting

and return process of books.

In the main library area should consist of a pleasant, friendly environment where
visitors have the opportunity to relax and socialise.

I's a fundamental function of the library that everyone can have free use to the
written data in multiple formats and the chance to use printers and copy zone
facilities. Additionally libraries should provide computer areas where the reader can
develop their work, by using internet and other computer applications. The presence
of the reading rooms and quiet areas are also essential to allow an effective way of

study.

The variety of the library functions and the high energy demands determine the
importance to minimise energy losses and improve efficiency. Consequently, this
could lead to a retro-fitting of the existing libraries and its computer facilities where
applicable. An additional solution would be to build a new structure according to zero

— energy applications.

School of Engineering, Design and Technology 9
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CHAPTER 2
PROJECT PLAN

A detailed and well prepared project plan is essential for a successful project. Once
the project was set and the team assembled, further instructions of the project was
supplied. The team intended to avoid and reduce any difficulties of the project
process from this early stage in order to achieve effective team working.

2.1 Project Components
There are three components required when carrying out a project. Our project team

has determined quality to be the most important component, due to it being critical in
order to satisfy customers wishes by having a good, high quality end result and
secondly, using good quality materials will achieve better durability and longer lasting

results after retro-fitting.

QUALITY

Figure 4: The three components of each project

2.2 Team management

For effective teamwork to be achieved, we must define the roles and the
responsibilities between the members of the team. Our team consisted of five
members, each member having been assigned a role according to their knowledge

and expertise.

School of Engineering, Design and Technology 10
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Team
Leader

N 4

Team

Recorde’ Effective acilitator
teamwork

N

Scriber i

Manager

Figure 5: Effective teamwork

Team leader:

The team leader, after thorough discussion with the members of the team set the

objectives and task on the meetings. He also set the agenda for each meeting.

Team facilitator:

The team facilitator has the preservation that all team members have the opportunity
to contribute to each other's work; in addition, he also has the responsibility to

resolve conflicts between the team members.

Time manager:

Has the responsibility to keep time in the meetings in balance with each agenda item.

Team scribe:

The team scribe is assigned to record the team leader's summary after every
meeting, records the decisions between the team members during the meetings and

indicates the overall group decisions.

Team recorder:

Has the control of the documents during the period of the project and the

responsibility to share the documents to the project team members.

School of Engineering, Design and Technology 11
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2.3 Communication Plan

One of the most important things during the project is the communication between
the team members involved in the project. The individuals of the group communicate
and collaborate using e-mails, telephones and virtual meetings (with a help of a
platform that enables virtual meetings like skype), in order to have an updated view
of the project procedure and be better prepared when the group meetings take place
where weekly reports are written up. These reports include the summary of tasks
completed during the previous week, the tasks scheduled for completion in the next

week in accordance with the Gantt chart.

Figure 6: Team Communication

2.4 Mission and goals

The mission of this project is the sustainable retro-fitting of the central computing and
library facilities. In this project we will use renewable energy sources,
environmentally friendly materials as well as sustainable and recycle materials;
moreover, the interior and the exterior of the building will be renovated in order to
dramatically reduce the amount of the carbon emissions, and reduce the overall

resource consumption by 90% of its current usage.

2.5 Customer requirements

In order to discover a varied opinion as to where to utilise our resources and a better
understanding of the main changes for the building, questionnaires were sent via
email to a human sample within the Civil Engineering Department. Another way to try

and understand what would suit the users most was observation of student patterns
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and uses of the library facilities, which was conducted during peak times. Research

was found on the usage of electronic devices (computers, printers, scanners, etc)

and the frequency of book renting during the week, based on library data.

Finally measurements given by the University concerning the typical annual energy

usage and the energy achieved from renewable resources, helped in categorising

the library as a building within the classic energy efficiency scale.

2.6 Statement of work

B Architectural study: The architectural draughtsman of the project delivers the

study and must contain the new facade of the building and the new indoor
layout.

Statics study: The civil engineer delivers the statics study and must check the
static efficiency of the building (for the potential installation of photovoltaic
cells, wind turbines and a green roof).

Mechanical study: The mechanical engineer must include the study of

installation for the renewable energy sources.

Electrical study: The electrical study include all the electrical plans (data,

renewable energy, etc)

Mechanical works: Is the placement of the technologies (photovoltaic cells,
wind turbines, etc)

Electrical works: Are the works needed for the connection between the

electrical network and renewable energy sources.
Green Roof: Is the procedure that a special insulating substrate will be layed
and after grass and plantation will be placed.

Coloration of the building: The painters of the building will be use sustainable

colours reliant on the architectural study.
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2.7 Risk assessment

B.1 Static Efficiency Termination of the 5 10 3
installation.
B.2 Lateness in the Delays in the 9 2
process of schedule of the 3
retrofitting. project & over
budget.
B.3 Bad weather Delays in the 4 16 2
conditions. schedule of the
project.
B.4 Damage in Delays in the 3 6 1
infrastructure of the schedule of
building. retrofitting & over
budget.
B.5 Unclear roles and Delays in the 4 12 3
responsibilities schedule.
between
contractors.

Table 1: Risk assessment

1
2
3
4

Table 2: Strategies

Risk ID B.1: In the occasion that the building cannot afford the extra weight that will
be added after the installation of technologies such as solar cells and wind turbine on

the top of the roof, the installation will be terminated.

Risk ID B.2: If it is observed that a delay in the retro-fitting process occurs, then

more workers should be used. This will increase the cost of the project.

Risk 1D B.3: If during the construction of the project, adverse weather occurs (driving
snow, rain and hail) the projects will have a delay proportionally of the extent of
phenomena. In order to avoid the delay in progress of the project we can get a

weekly weather forecast and see if it coincides with any milestone date.

Risk ID B.4: If during the installation procedure, damages occur to the old
infrastructures of the building (plumbing, drainage, electrical installation). The project
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will have delays and the budget will increase in order to re-install/re-fix the existing
infrastructure.

Risk ID B.5: The clear roles and responsibilities are very important for a successful
project, not only between the members of the project team but also between the
contractors. If we don’t achieve this, the coincidence will be delays of the project
during retro-fitting. To avoid this, the members of the project team must make a very
clear project plan.
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CHAPTER 3
INITIAL WORK

3.1 Customers
The first stage of the design process following Pugh’s model is to clearly identify the

market/customer. The outline of the brief is to develop a comprehensive proposal for
enhancing the sustainability of the Universities Library and Central Computing facility
via retrofitting within a factor 10 engineering design framework. When planning such

a design all users need to be considered.

The customers in our case are those who use the library and computer facilities. In
the examined J.B.Priestley library, the customers refer to different teams of people,
such as:

Students of the University
Staff of the University
Disabled people

IT admin/tech guys
Security

YV V. V V V V

Cleaners

To set up an effective, successful and profitable retrofitting plan, an online survey
was organised. Because the main users will be students of the University we
identified them as the main customers. As a team we prepared a small questionnaire

which will give a clear view of customers believes, thoughts, ideas and satisfaction.

3.2 Online survey

Results of Online Survey

The results of the online survey concerning the facilities of J.B. Priestley Library are
described below by charts. In addition the result of each question is discussed and
analysed separately. The questionnaire and results will help the team to reach

conclusions and adjust their ideas to student’s opinions. The present survey is an
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important part of the project since the project aims on the retro-fitting of the

University Library where user opinion determines whether it will get used or not.

The survey was active for one week time (23/11/2010-30/11/2010) for every
interested person. Only 16 people in total managed to complete the questionnaire.
The feedback was disappointing and insufficient to make concrete conclusions.
Nevertheless, the team decided to take into concern all possibly answers given and
enrich any project ideas. Because of this the survey will continue to be active during
the following semester in order to obtain more results. By doing this the team
expects that more students will respond and the results of the survey will be more

effective for our project.

Question 1

Have you ever heard or visited J.B.Priestley Library of University of Bradford?

NO

Figure 7: Question 1 results

Question 1 was a definite “YES” from all of the people involved to this survey. Team
members intended, from the beginning, to address this survey only to University of

Bradford students.

Question 2

Are you aware of the changes made during the past academic year on J.B.P.Library?

15

YES NO

Figure 8: Question 2 results
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In this question it is clear that only 1% of the people sample was not informed for the
changes made on J.B.Priestley Library. This question is crucial for the outcome of
the survey. Since the majority is aware of the changes their answers will be
important and their opinion is essential for the team.

Question 3
Does the changes made on the library area facilitate the funclions of the library?
16
14 ~—
12 7
10 ———
8
6 —
i "
2 -
o YES ' NO

Figure 9: Question 3 results

Only 2 of the people surveyed disagreed that changes on the library facilitate the
function of the library. On the other hand the majority of students believe that

changes were beneficial for the library and its users.

Question 4

How do you score library functionsifacilities:

12

A
10 .
8 -rE>
6 o
4 l W
2 LI |
0I I it | |||| -:\_"

Very Poor Poor Average Good Excellent N/A

Figure 10: Question 4 results

A) Computer rooms
B) Study rooms
C) Library Opening Hours

D) Copy zone services
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E) Staff assistance

F) Internet library services

G) Book Variety

H) Easy way to access the book of your preference
) Silent study areas

J) Tidy environment

K) Wi-Fi services

L) Book arrangements

M) Return Process

The above question was about library facilities. Most students scored as ‘Good’
facilities from E to M. Moreover they scored as ‘Average’ functions B, D and H. Only
facility C was marked a high number of ‘Excellent’. This indicates that only opening
hour of the library sufficiently serve students needs whereas computer rooms, study
rooms, the copy zone and access to books of preference do not satisfy student’s

needs and are some of the things that have to be replaced or changed.

Question 5

Do you prefer jlibrary before or after changes?

Figure 11: Question 5 results

A) Before
B) After
C) Other
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The team members decided to create this question to test student’s opinion and
reaction in changes and in future changes. Fortunately the majority is satisfied and

open to changes and ideas.

Question 6
Do you consider J.B.P Library to be a student safe spot?

NO
6.25%

\

Figure 12: Question 6 results

This question had intension to find if J.B.Priestley Library is a student safe spot and
justify reasons that people prefer library to study than their own private workspace.

Question 7:

What are the things that indicate sustainability in the library area?

The aim of this question was to give the opportunity to students to point and mention
all things on their opinion indicate sustainability in University’s Library. There

answers are given below:

Recycling bins-Paper
Ecoversity bins

Recycle Bins, glazier

The glass for the external wall
Recycling bins

Recycling Bins

Printing scheme

Combination of natural and artificial lighting (entrance)

Recycling - that it - nothing else.
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B The new design looks more sustainable, complying to the health and safety
rules for students
The environment /design is very friendly for study work.
Multi-purpose areas, recycling bins, re-used furniture from previous library
arrangement, better heating control on ground floor, more sunlight in
commonly used areas in ground floor
: Questions8
14
12
10
8
6
4
2
% 02 04 06 08 1 1.2 14 16 1.8 2 2.2
Figure 13: Question 8 results
A) NO
B) Other

In this question students were asked to give their opinion about University’'s

sustainable program across campus. In addition they had to state if there are any

benefits to sustainability for students and the University. The majority was aware of

this project and also listed important profits for University of Bradford and students.

Energy saving

Reminds students sustainability issues

Energy saving

Use of recycling materials, energy savings, helps the environment promotes a
sustainable way of living

Educating students about Sustainability as well as embedding it into courses,
university's redevelopment and promoting it across the campus

Saves quite a bit of energy via the bio mass burner thingy at the back of the
library
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B Even though | am aware of this program, | believe it mainly focuses on
recycling rather than sustainability issues. | am not aware of Ecoversity

involvement with Library remodelling.

Question 9

How well do you rate the current ecoversity ideas currently implimented in the library?

O=NWHpOAON

Very Poor Poor Average Good Excellent N/A

Figure 14: Question 9 results

The majority of people sample in the survey rated ‘average’ to the current ecoversity
ideas implemented in the library. For this reason, it is important to focus as a team
on ecoversity issues of the library and also create a more compatible environment to

serve students.

Question 10

How do you rate the following energy saving ideas that can be possibly added to the existing library

2 3 4 5

Figure 15: Question 10 results

O =N WA N
(N
o0ow?>»

A) Use of recycled materials
B) Natural Energy(Solar, Wind, Water, Waste)
C) Reduce Energy in computer facilities

D) Introduce new energy saving technology
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The above presented question was implemented so as to notice people’s respond on
team’s proposed energy saving ideas for the library area. Specifically ideas A, C and
D, where preferred by students. On the other hand use of Natural Energy was not
considered to be as important as the rest ideas and rated to a lower mark.

http://freeonlinesurveys.com/viewresults.asp?surveyid=835820&rn=0.1168177

3.3 Site investigation
The J.B. Priestley building contains five indoor floors and a roof. The location of the

building is shown in the next figure. It is located near Chesham building, Pemberton
building and University Hall. It exists in the same building with student central and

they are connected via an internal and an external passage.

P R .;

SUSTAINABLE STUDENT VILAGE SITE

S it s

Figure 16: J.B. Priestly building location

Ground floor O:

This is where the main entrance of the building is located and is split in two sections.
The first section includes the enquiry desk, scanners, photocopiers/printers, the LSS
administration, computers of self-returns, self-service printers, a self-service room,
daily newspapers and computers that have access only to the site of the library. The
second section includes three rooms of librarians (0.11, 0.19, 0.16), the LSS Director,
general references, the quick service collection, group study rooms 1-4, wired roam
net areas and the recent additions to the library (94 copies at the moment).
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Lower ground floor 01:

On this floor there are four group study rooms (01.54, 01.55, 01.56, 01.57), PC
Clusters, one room for PC Clinic that can be assessed by appointment, a seminar

room (01.58), lockers, self-service printers and voice communications (room 01.10).

Stack floor 02:

On this floor there are books and journals before 1975 that involve all subjects.

There is also a reading room for special collections (room 02.3).
First floor 1:

This floor includes books and journals related to sciences of engineering. The first of
the two sections includes 90650 copies of books and journals (H-Y). There are also
study areas and study rooms. Finally, an information desk exists on the entrance of
the section. The second section includes development and overseas collection. The
development collection has 23915 copies. There are also silent areas and offices for
librarians (1.6, 1.8, 1.9, and 1.10).

Second floor 2:

This floor contains 178565 books and journals, 12777 commonweal copies, maps
and atlases, music, government’s publications, the European documentation office
and everyman’s library rooms. All floors have their own drawings which are

presented in the appendix.
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3.4 Energy research

3.4.1 Building energy research

A general research of energy consumption took place on J.B.Priestley building. This
investigation gives an initial direction of many proposed solutions of the project. In
order to compare the data, we examined the main buildings of the University
campus, thus information of Chesham, Richmond, Phoenix and Phoenix SW9 were
considered for this purpose. The following table indicates the typical energy use, the

annual energy use and the energy percentage from renewable sources.

typiczlsznergy annue:jlsznergy energy of renewables
(KWh/m?/yr)  (KWh/m?/yr) (KWh/m?yr)
J.B Priestley 434 372 15.50%
Chesham 344 332 0%
Phoenix 344 185 0%
Phoenix SW9 344 232 0%
Richmond 361 320 0%

Table 3: Total energy consumptions of five buildings of the campus.

It is clear that J.B. Priestley is the highest consumer. It is interesting though, that it is
the only building that takes energy from renewable sources. This is something that
helps the reduction of natural gas that is used in the library, but there is a need for
necessary actions in order to control the amounts of spending energy. The following

tables give a clearer view of the situation.

energy
efficiency

J.B Priestley 116
Chesham 99
Phoenix 51
Phoenix SW9 74
Richmond 93

Table 4: Energy efficiency of five buildings

The above table shows the energy efficiencies. The assessment has been made by
the government and the local communities. The value for each case is involved in a
scale from A to G. ‘A’ means that the building shows a very high efficiency and ‘G’ a

very low. The J.B.Priestley indicates the worst performance in comparison with the
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other cases. According to the assessment, 100 would be a typical value for a

building. This project targets a lower value for J.B.Priestley building.

More energy efficient

@ 1&=1 100 would be typical

ESioiizs <| 116

Figure 17: Energy efficiency of the library inside a scale (A more efficient, G less efficient)

The energy efficiency of the library has been reduced by 42% from 2009. Heating
and electricity show different consumptions. In particular, the energy usage for
heating contains the 33 % of the total annual use and the 63% of the typical use.
Evaluating all the above information, we conclude that there is a need for a further
re-design of the main architecture of the building. Of course, the considerations will
be different for each floor of the library. The building has a total useful floor area of
11361m?2. Thus, the total typical energy use is about 5MWh/yr and the annual energy
use is about 4.2MWhlyr. There is a clearly high energy consumption which demands
large amounts of natural gas.

Finally, the CO2 emissions come to 1669 tons per year and they are mostly released
from electricity operations. The following table reveals the difference between J.B.
Priestley and the rest buildings. Phoenix and Phoenix SW9 extract small amounts of
COz2 and that is something which is related with their overall function.
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CO; emissions

(tons per year)
J.B Priestley 1669
Chesham 1910
Phoenix 3219
Phoenix SW9 144
Richmond 365

Table 5: CO,emissions of five buildings in the campus

Ecoversity has also implemented some projects which help to reduce the energy and
make the environment around even better. Ecoversity of University of Bradford is a
non-profit organization that takes into account important environmental issues of the
Campus and helps their improvement through projects and volunteer work. There
are two main issues that have to be considered in our project in relation to ecoversity

and they are presented below:
B Biomass Boiler system

This project relies on the renewable energy of biomass. This technique allows the
burning of woodchips in order to produce energy. This technique produces heat and
is an alternative solution for natural gas, oil and coal. However, there are some
important issues derived from the suitability of this method in the future, due to
restrictions to the products that have to be burned. This method requires a material
of high quality (wood) in order to produce as much energy as we would like in order

to achieve an economic efficiency.
B Energy and pollution policy

Ecoversity programmes are implemented in terms of sustainable development. This
means that any change in the library must respect the social diversity and the natural
environment. There are specific targets including, waste management, reduction of
non-residential water consumption, promoting principles of a green environment to

students and staff and supporting sustainable techniques inside the Campus.
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3.4.3 Climate research

The University of Bradford on a whole consumes over 47 million kwh of energy each

year costing around £2.5 million while also contributing over 13 thousand tonnes of

carbon dioxide to our atmosphere.

A major way to reduce carbon emissions is to utilise renewable energy, examples

being recycling rain water or using wind turbines. The following contains research

results for renewable environmental conditions for the Bradford area.

Average Precipitation (mm)

120

100

80

60

40

20

Bradford Average Precipitation (mm)

o
=

101
93

88 87

0
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 18: Bradford average rainfall precipitation
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Figure 19: Bradford average rainfall days

http://www.worldweatheronline.com/sports/football/weather-averages/United-Kingdom/806139/Bradford-City-

EC/2640141/info.aspx
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Figure 20: Bradford temperature

http://www.myweather2.com/activity/climate-profile.aspx?id=76303
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Figure 21: Bradford wind speed

http://www.myweather2.com/activity/climate-profile.aspx?id=76303
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3.4.4 Computer facility

The following is an initial audit of energy usage of the University of Bradford’s ICT

infrastructure.

HPC 183,303 5.8% 15,581 98,437

Servers 855,550 27.1% 72,722 459,448

PC’s 1,046,155 33.1% 88,923 561,806

Networks 498,278 15.8% 42,354 267,585
Telephony 185,011 5.9% 15,726 99,355

Imaging 295,487 9.4% 25,116 158,683

AV 96,395 3.1% 8,194 51,766

Table 6: University of Bradford’s current ICT infrastructure energy usage

*note assumptions have been used during the audit due to limited time available.

University of Bradford's Current ICT
Infrastructure Energy Usage

B HPC H Servers m PCs B Networks B Telephony M Imaging = AV

Table 7: University of Bradford’s current ICT infrastructure energy usage chart

As can be seen from the energy audit the main categories needed to be considered

for reducing energy consumption concerning the computer facility are the PC’s,

Servers and Networks.

30
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CHAPTER 4
DESIGN REQUIRMENTS

4.1 Product design specification (PDS)
Sustainability is becoming an emerging trend in both business and society with many

engineering projects listing sustainability as one of the major requirement.

The brief of the projects states the proposed retrofitting of the J B Priestly Library
and computer facilities should stand up to a factor 10 engineering standard. With this
in mind reducing the current consumption of energy will be the main focus of the
design.

Pugh’s product design specification model (PDS) is widely used when designing a
specification for a certain product/project. The PDS aims to define boundaries,
evaluate the design and make sure all factors for the project have been met. The
follow example of Pugh’s model contains 32 elements though not all are applicable
to all projects.

The following addresses design requirements for the project.

@ Shelf life
storage
Quality
% reliability

Documentation

Product
life span

Standards
mcation:

=
Maintenance

Market
constraints

Va0

<P
3 . Manufacturing
Design core P facility

Disposal

Company
constraints
‘4

Figure 22: Pugh’s product design specification (PDS) model
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4.1.1 Performance
The overall performance of the design should be based on completions of a factor 10

engineering design (a 90% reduction in resource consumption). Factor 10
engineering uses the model ‘whole-system thinking and integrative design’ where the
engineer thinks about the whole system for multiple benefits opposed to traditional
engineering approach of focussing on optimising a component for a singular benefit
in order to eliminate ‘bad engineering’. The focus should be to reduce the amount of
energy consumed using designs having multiple purposes. Although retrofitting the
library to be more energy efficient is the focal point of the design, it is essential that it
still provides all the library facilities such as quiet study areas, study rooms,
computer clusters, laptop areas, group discussion rooms, receptions and social

areas, while also providing plenty of storage for research materials.

4.1.2 Customer
The main purpose of a library is for research purposes and to provide a working

environment for students within the University. The design should bear in mind the
type of customers using the facility for both aesthetic taste and functionality. The
obvious and most common user will be students of the University, some as young as
18, as well as library staff and other staff working in the University. It's also essential

that the library caters for the disabled providing them access to all facilities.

4.1.3 Environment
The design ideas should be as environmentally beneficial as possible. The design

should make full use of economical renewable materials and reduce the resource
consumption as much as possible. The pollution/waste produced should be reduced
as much as possible.

The design should also make the most of natural renewable resources in a way of
reducing power and resource consumption. The location on the University itself is
notoriously windy, especially in the winter times, which being a renewable source of
energy can be taken advantage of. Another natural renewable technology is solar

energy which can be used as alternative for lighting, heating and electricity.
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4.1.4 Lifein service
The main design should be in service for at least the next 20 years, not requiring any

new major overhauls, while incorporating future proof ideas and technologies in
order to further extend the lifetime of the new design.

4.1.5 Maintenance
Maintenance and checkups of the introduced technologies should take place yearly.

The desktop computers should be upgraded/replaced every 4 years (due to being
worn out and need updating). More peripheral equipment such as the monitors won’t

need replacing for about 6-8 years.

4.1.6 Target product cost
The actual design itself has no budget, though the cost of installing the new design

ideas to make the library a factor 10 engineering design should be cost effective.
This means the cost of installing a new energy saving technology must be less than
the saving made by the technology in order for the technology to be beneficial unless
the technology has integrative design where the multiple benefits is more beneficial

overall .

4.1.7 Competition
The design should compete with external competitors like other University libraries

and other designs implementing factor 10 engineering designs as well as internal
competitors currently trying to reduce their energy consumptions (e.g. Richmond).
This is done by encouraging the introduction of new more energy efficient technology
and innovative ideas. A lot of new technology is developed with energy efficiency in
mind, where replacing old technology with new technology improves not only user

functionality, but also the amount of resources consumed.

4.1.8 Size
The brief states the design should be a ‘retrofitting’ of the existing library. This means

the design should add new technology or designs onto the existing library building
structure opposed to designing a new library design from scratch, so the actual plan

size should be the same as the existing building.
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4.1.9 Aesthetics
With the majority of the students using the library being young a modern,

contemporary look should be incorporated within the design. A modern look will
encourage more students to spend more time in the library, which in turn creates a
friendly environment.

Also a more updated look will encourage prospective students to join the University.

4.1.10 Materials
Materials used for the retro fitting should be largely based on eco-friendly materials

in order to comply with a factor 10 engineering design. The material used should be

safe and not need replacing for 15-20 years.

4.1.11 Quality and reliability
The quality and finish of the design should be up to a high standard. High quality and

reliable materials/technology should be used to provide longevity and prevent
constant replacing or maintenance being performed on it. The durability of the new
design should be able to withstand environmental conditions, wear and tear of
continual usage and stand up to student neglect. The reliability of the computer
facility should be good in order to prevent lost of important data and always be
available for student needs.

4.1.12 Safety
The new design fittings should comply with health and safety regulations. Fail safe

features should be implemented on any potentially hazardous technology or fitting
introduced due to the building being a public facility and user have little knowledge of
the potential hazards of the design changes.

From a security point of view the library should only grant access to those who are
associated with the University (students and staff) using their UB card to gain
access. As the design is a retrofitting there won’t be need for additional security staff
as the size and basic layout will stay the same.

Also due to a lot of private personal information and important academic work held
on the Universities computer system, on campus computers should be up-to-date

with security patches and be only accessible via students of the University or
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University staff (password access). Really confidential information should be filtered
off further.
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Figure 23: Computer Ergonomics

should take into consideration

ergonomic design and adjustability

to give the user a comfortable
experience using the facilities and

prevent repetitive stress injuries caused by bad posture.

4.1.14 Installation
The installation of the new design should ideally be done over a non busy period in

the University calendar and the retrofitting should be compatible with existing fittings.
Installation should not restrict access to library facilities or alternatively temporary
facilities should be provided while work is being carried out. Installation costs must

be considered as it can cost as much as the technology itself.

4.1.15 Documentation
Documentation of new design ideas should be provided listing the new installations

including user manuals for each covering operation, maintenance and safety.

Product development should also be documented.

4.1.16 Legal
The safety of the introduce technologies is of paramount importance from a legal

point of view as any defects leading to accidents will likely end in being sued by the
user. All new introduced design technologies should comply with liability law, health
and safety legislations, European Economic Community laws and environmental

laws as well as any product used should meet British Standards.
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4.1.17 Disposal
The disposal of existing materials and technology that’'s being replaced must be

done in the most economical and environmentally friendly way possible. Old
materials and furniture should be sold off where possible or recycled.

Old computers should be refurbished and sold off saving on the carbon emissions
given off by disposing them. The disposal of regular user waste (e.g. paper, food
packaging, etc.) should be reduced, recycled if possible and disposed of

economically.

School of Engineering, Design and Technology 36



A UNVERSTY OF
BRIV oot oo Retro-fitting of a central computing and library facility | 2010-2011

4.2 Initial ideas

4.2.1 Energy and architecture

In order to propose solutions we must consider two general issues. The first one
refers to a re-design of each floor. There are plenty of book copies that students and
staff don’t use. This fact increases the energy demands. A better spatial organization
of J.B. Priestley will reduce the cost of this project by reducing the electricity
demands. Secondly, more electronic journals will be available for students and staff.
This will reduce the amount of people visiting the library in order to borrow books. A

more convenient environment would be a sufficient way of function.

The second part of the proposed solutions contains green technologies for domestic
uses. Alternative forms of energy are the key factor for reducing the energy
consumption but this is not enough. Many eco-friendly techniques have been proved
very efficient in the past and their implementation could be beneficial. Natural gas
must be replaced for safety, cost and environmental reasons. The subsequent table
indicates some general plans which have to be considered in order to complete the

final proposed solutions. These thoughts are based on the survey of the project team.

Considerations

Use of solar energy

Use of wind energy

Use of water energy

Restrictions of lift use

Use of recycled and renewable materials
Increase of e-books

Recycling system of rainwater
Eco-friendly heating techniques
Eco-friendly ventilation techniques

Waste utilization

Construction of interior and exterior walls
Better organization of books and journals
Reduction of light use

Campaign based on conservative use of energy

Table 8: General Initial Ideas

All techniques connect each other and they will be assessed separately evaluating

all the possible combinations. Ecoversity programs will also help implementing the
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goal of the project and reduce the energy by 90%. Biomass project of ecoversity will
provide J.B. Priestley with 15% of overall needs. Alternative forms of energy, heating
and ventilation techniques, recycled and renewable materials, waste utilization,
reduction of light use and rainwater recycling are parts of the general plan of using
green techniques to reduce energy. The remained considerations are part of the

architectural retro-fitting that will be implemented to the building.

Use of solar enerqy

The continuous energy production by the sun can be converted into other forms of
energy which can cover specific needs. Solar panels and photovoltaic cells are the
main technologies that can be used in order to achieve a clearer energy solution for
the building.

Use of wind energy

This form includes wind turbines which are powered by the force of the wind. This
technique offers low amounts of energy power and their location must be studied in

order to achieve the maximum possible efficiency.

Use of water energy

Water is a valuable product and its treat must be very careful. This proposal takes
into account this fact. Thus, the reuse of water that is spent inside the building or the
right utilization of the rainwater can produce power that can be converted through
specific technologies. The most popular technique includes electricity generators that

extract power from moving water.

Restrictions of lift use

This is a solution that is based on the energy conservation program. Lift uses a large
amount of the spent energy and a part of the goal of the energy reduction by 90 %

can be achieved through this solution.

Use of recycled and renewable materials

These materials help the energy reduction and they respect the environment. Their

choice must be careful taking into account safety and efficiency issues.
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Increase of e-books

Book copies inside the library cover a large area on three floors. The opening of
some spaces on these floors is necessary in order to demonstrate a more

comfortable and less energy consumptive architecture inside the building.

Recycling system of rainwater

This technique will help us utilize the rainwater in order to produce water power and
convert it into other forms of energy. With this system, we try to collect as much

water as it is possible.

Eco-friendly heating and ventilation techniques

A right architecture plan must consider the utilization of nature’s mechanisms for
heating and ventilation. Of course they will be additional technologies which cover
the essential needs of the people inside the building. These techniques must be

efficient and eco-friendly.

Waste utilization

Ecoversity’s plan for waste management targeted a very small disposal of waste into

landfills. Thus, recycling is crucial in order to achieve this target. A general plan of

where the recycling bins will be located in the retro-fitted building must be considered.

Construction of interior and exterior walls

It is a part of the architectural retro-fitting of the building. This solution is connected

with the reused and recycled materials which will be used on these structures.

Campaign based on conservative use of energy

This campaign helps the efforts of ecoversity for making people responsible for their
environment. Notices and restrictions for students and staff inside the library will help

to reduce the energy use inside the building.
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4.2.2 Computer ideas

Desktop power down software

With over 2000 computers currently in the University, many being switched on with
no one using them has become a major drain on energy consumption. One of the
simplest and obvious ways to save energy in the computer facilities area is to simply
turn off idle machines when not in use. The present system simply logs the user out
after a certain period of time but still leave the computer powered up consequently

still using a lot of energy.

A solution to this problem is to install desktop power down software in every machine,
student and staff, which will put the computers into a low power state (such as
hibernation or standby) when idle for a certain period of time thus creating a huge

saving in electricity.

The quota for this software to be installed on all computers in the University is £20-
30k which sounds expensive though the estimated payback quoted by the supplier
through energy saving is only 6 months, relatively short, and allows massive savings

over the following years.

Upgrade to Microsoft Windows7

Windows?7 itself has a hybrid hibernation state which uses around 2% of its on state
power also Windows7 is much better (faster) at coming out of deep hibernation
compared to the current Windows XP operating system being used, therefore the
load up time from hibernation state will be relatively quick compared to using an old

operating system.

Server visualisation

Server visualisation is one of the new ways many companies are reducing their IT
energy consumptions. Visualising servers eliminate the need of one server for each
application by running multiple virtual machines on each virtual machine. Doing this
reduces the number of servers needed by improving the ‘utilisation’ of each server,

therefore reducing energy needed to power all the servers.
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VMware specialise in visualisation and states for every server visualised, 4 tons of

CO2 emissions are eliminated.

Upgrade Networking Equipment

The current networking equipment being used in the University is quite outdated is
left on 24/7 even when no traffic is being routed. More modern networking equipment
switches shut ports down when not being used to save energy.

Though networking equipment is relatively expensive, which is why the University
hasn’t updated this equipment, a big saving can be made by updating to more

modern networking equipment.

Low power desktops

The University itself has upgraded a few of its computer workstations to ultra small
low power sling-back computers placed on the reverse of the monitor. These
computers are just as powerful (4GB memory, 3GHz duel core processor) as some
of the big desktop computers, currently being used in the University, but consumes a
lot less power (25-30W). Upgrading the rest of the University computers could further

reduce energy consumption.

Upgrade monitors

On a single desktop computer the main energy consumption is done by the monitor.
Old CRT (Cathode Ray Tubes) monitors are very power consuming compared to

more modern day monitors.

The University has mostly replaced all the CRT monitors with more modern TFT
monitors, which are much more energy efficient, though these can be upgraded
further to LED LCD monitors that use LED backlighting instead of cold cathode
backlighting (currently the most energy efficient monitors on the market), further

increasing energy efficiency.

As well as the benefit of a huge energy saving, the more modern monitors have the
benefit of giving a higher quality image, faster response time and are less bulky
compared with CRT monitors.
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Printing

The library has recently gone through an overhaul of there printing facilities,
introducing duplex printing as standard, better printing submission (have to confirm
what your printing to stop accidental printing) and introduce pull printing system for
centrally managed student self-service printers.

One area that is yet to be addressed is to reduce the number of staff local printers.

These can be replaced by workgroup pull printers for better sustainability.

An idea not to do with the printing facility but to do with the Universities academic

body is to allow the submission of coursework to be done using double-sided printing.

The library itself has already made double-sided printing the default printing standard
in order to reduce the amount of paper used, though the University itself don’t as yet

accept this when submitting coursework.

Encourage laptop usage

More space can be created to encourage laptop usage within the library. The original
reason the University installed computer clusters in the University was due to student
not having their own computers, but with more and more students bringing their own
laptops to the University the number of cluster desktops can be reduced and
replaced with laptop areas. This will save energy as students will have their laptops
powered on only when in use and won’t be left idle like the desktops currently
installed. Also the number of computers needed to be purchased by the University

will reduce saving resources used to manufacture them.

Update aesthetics of lower computing facilities

The aesthetic of the lower library computing facilities need to be improved due to
being very dated. The updated aesthetics should be using as much environmentally

friendly and renewable material as possible.

An initial idea for the layout design could be similar to the sunray clusters situated in
the Richmond building.
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Cloud computing

Cloud computing is basically a shared network infrastructure accessed via the
internet. Some benefits to do with sustainability of using cloud computing are better
matching of server capacity with actual demand, better server utilisation, better data
centre efficiency (improved cooling, power conditioning, etc.) and the ability to serve

multiple organisations on a shared infrastructure.

Online E-books

Current library books can be converted to electronic form in the shape of e-books.
Although his may be time consuming scanning all the books, it has the advantage of
reducing space used by reducing the number of books and number of copies of the

books in the library.

E-book readers/tablet PC’s

E-book readers or tablet PC’s with access to online e-books provided by the library
can be introduced. Introducing E-book readers/tablet PC’s will allow the library to not
only reduce the number of books in the library but also reduce the number of
desktops needed. As this E-book readers/tablet PC’s are less power consuming than
using a desktop PC to access online E-books this will reduce the overall energy

consumption in the computer facility.
PowerMan

Introduce PowerMan software to centrally monitor and manage student and staff

PC’s and allow a power management strategy to be implemented.

Automated variable speed fan drives

Automated variable speed fan drives which monitor the temperature of the room can
be used. Reducing the fan speed when not needed will reduce power consumption

used by the cooling system.
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Computer Room Evaporative Cooler (CREC)

Replace Computer Room Air Conditioners (CRAC) with new Computer Room
Evaporative Coolers (CREC) which has the advantage of using 90% less energy and

giving lower carbon emissions than CRAC's.

Thin Client Computing Using VDI

A few thin client OPAC terminals are currently implemented in the current library,
which are used for accessing solely the library catalogue without performing any
other type of multimedia service. These thin client computers have the advantage of
using much less power than standard desktop computers as well as having double

the average lifespan.

Using thin client computers with virtual desktop infrastructure (VDI) will allow users to
use these thin client computers with multimedia functionality (like a normal desktop)
by implementing desktop virtualisation.
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APPENDIX B

ONLINE SURVEY

Online Survey

J.B.Priestley Library Faciities

The purpose of The present survey is to find out the level of satisfaction of JBP Library facilties.
The survey adress to students of University of Bradford.
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APPENDIX D

MINUTES
Minutes of design group meeting 22/10/2010-3/12/2010

Location: “J.B.Priestley Library”

Project partners:

Spyropoulou Anna
Lampridis Dionisis
Vasakou Spyridoula
Passadis Tilemachos
Lucas James

First meeting: Thursday 28/10/2010

(The representative of design group opens the meeting at 13:00).

The purpose of the meeting was to get a briefly approach of the project and to
identify project requirements. It was a good chance for the team to establish general
ideas and get an essential background research. Also, in this early stage the team

assigned the group roles and allocated the tasks too.

Second meeting: Friday 5/11/2010

(The representative of design group opens the meeting at 13:00).

The principle of the meeting was to come closer with subject of the project by giving
its final definition. The team was ready to establish the objectives for the design
specification (brief), to clarify the individual work and also to create the
implementation plan by making the Gantt chart. The group brought up an online
survey and an excessive interview around the library area regarding to the project

demands.
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Third meeting: Friday 12/11/2010

(The representative of design group opens the meeting at 17:00).

The main idea of that meeting was to accumulate all the information from the
individual work, to discuss them and to discover which topics need more
investigation. Consequently, from that moment the team was able to do the
brainstorming and to set up a critical appraisal for all of the involve issues. An

effective research that it should be considered refers to the following topics:

e Library Facility (Resources available/ Usage)
e Central Computing (Facilities/Security/Servers/Human resources)
e Energy Consumption (Drawings/Data)

e Ecoversity (Aspect of scheme/ESD/Retro-fitting)

Fourth meeting: Friday 19/11/2010

(The representative of design group opens the meeting at 13:00).

The key point of this meeting was to capture a general idea for the process of the
individual work implementation. The group discussed all the issues which they
should have to be clarified in order to gain an effective and successful coursework. It
was a good chance for the group to share opinions, thoughts, materials,

consequently enhancing team brainstorming and inspirations.

Fifth meeting: Friday 26/11/2010

(The representative of design group opens the meeting at 13:00).

This is the last team meeting of this semester. The group was almost completed with
the individual coursework’s and it was time to join their parts to success an entire
project. They argued on some topics and nevertheless they made the required
corrections. Finally, the group meeting is closing by created and performed the

project presentation.
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APPENDIX E

DRAWINGS
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