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1 Overview of Project
1.1 Background

The University of Oxford has established an Environment Panel that advises the University on the environmental implications of policies and activities; and encourages the proper consideration of environmental factors in the University’s decision-making processes. Amongst other matters the Panel advises on the reduction of energy consumption within the University. 
The University has also recently approved the ICT Strategic Plan. The plan states that the new ICT governance structure must operate in conjunction with other strategic planning processes within the University, including those relating to environmental impact analysis and energy conservation.

1.2 Aims and Objectives

The purpose of this project is to provide a practical exemplar of how an organisation can implement both the policies and the technologies to conserve energy used by the ICT infrastructure with the minimum of disruption to users and system administrators alike.

The objectives of the project are to:
· Roll out a institution-wide wake-on-LAN (WoL) service

· Monitor and evaluate the environmental benefits of this WoL service and the University of Oxford’s virtualisation service

· Host two open conferences on the topic of ICT and the environment

· Develop and implement an effective communications strategy 

· Develop and provide training materials
1.3 Overall Approach

This project will address this area of institutional concern through implementing, monitoring and promoting the use of network management facilities that allow a range of users to minimise the environmental effects of desktop and server machines. Specifically the project will develop tools to enable:

· End-users to switch off their desktop machines whenever they are not in use (e.g. at the end of the working day and weekends, when working on other sites e.g. in laboratories and at conferences, and when on holiday) but still are able to switch their machines back on remotely when required

· System administrators to be able to switch clusters of machines on and off depending on the policy in place for energy saving in their department and requirements to update system software on desktop machines

· System administrators to minimise their need to purchase new server machines 

· Research teams that need to undertake computationally intensive research to minimise their use of desktop and server machines

The project will implement site-wide Wake on LAN (WoL)
 management facilities to allow individual and clusters of desktop machines to be switched on and off remotely. These facilities will allow the University to reduce the amount of energy consumed by desktop machines when they are not in use. It will also reduce the energy consumed by projects operating computationally intensive research because these projects will:

· Be able to make more use of desktop machines which will reduce the number of dedicated machines these projects procure, so reducing the environmental effects associated with manufacturing and transport of these machines

· Reduce the use of dedicated server machines that need to be housed in air conditioned machine rooms that consume very large amounts of energy

The project team will also monitor the University’s virtualization service
, 
, which  enables system administrators to consolidate their existing servers onto centrally managed machines. The project will evaluate the effectiveness of this approach to ICT infrastructure in reducing the environmental impact of the overall ICT provision. The service will be monitored through documenting a number of case studies.
It is important to take a holistic approach to develop an environmentally sustainable ICT strategy because savings in one area can have a negative effect in another. For example poorly designed energy saving measures could compromise security through interrupting essential software updates. It is also important that the core strategic goals of the University are not unduly impacted, namely to conduct research and teaching. 
1.4 Project Outputs

· Two open and free conferences on the topic of reducing the environmental impact of ICTs

· Open source code and supporting documentation to provide institution-wide WoL services

· Detailed communications strategy document
· Monitoring plan and evaluation reports detailing the environmental performance of the WoL and virtualisation service

· Teacher and learner resources for taught sessions that support system administrators and operations managers in understanding how ICT can be provided in a more sustainable manner
1.5 Project Outcomes

The project will reduce the impact on the environment due to ICT provision at the University of Oxford. 

The project will communicate the progress of its work to key stakeholders within the educational community so that other organisations can improve decision-making in this important area of institutional concern.
1.6 Stakeholder Analysis

	Stakeholder
	Interest / stake

(1-5)
	Importance

(1-5)

	Oxford Environmental Management Team (meet strategic objectives)
	5
	5

	OUCE department (meet strategic objectives)
	5
	5

	ICT Team (deploying desktops to largest user base)
	4
	4

	OUCS (service provider)
	5
	4

	Hardware and software vendors
	4
	3

	JISC (representing HEFCE strategic goals)
	4
	4

	Heads of departments and colleges (reduce costs)
	3
	5

	Users of desktop machines (management of machines)
	3
	4

	Broader JISC community (HEIs)
	3
	4

	Research community (increasing facilities)
	3
	3

	UK Government (to meet national carbon emission targets)
	1
	1


1.7 Risk Analysis

	Risk
	Probability

(1-5)
	Severity

(1-5)
	Score (P x S)
	Action to prevent/ manage risk

	Lack of support from server administrators for virtualisation
	3
	4
	12
	The project intends to monitor the actual savings gained through take-up of the virtualisation service. This is dependent on a significant number of server administrators willing to adopt virtualisation. The risk will be mitigated through raising awareness about the benefits of virtualisation and the dissemination of relevant case studies etc.

	Skills requirement on IT officers too great
	3
	4
	12
	The uptake of virtualisation will depend on building on the skills of IT officers. This will only be possible if appropriate training is made available.

	Lack of engagement by institutional senior management
	3
	3
	9
	Oxford has a complex organisational structure where centralised change can be challenging. However, the project is supported by the heads of the participating departments and will benefit from the new ICT governance structure at Oxford (in place for 2007/08).

	Unforeseen difficulties with technical integration tasks.
	2
	3
	6
	There is a significant amount of integration work to develop the wake-on-LAN service available throughout the University. The project will need to plan all collaboration well in advance and maintain clear communication with all integration partners so that technical issues can be dealt with as early as possible.

	Difficulties in engaging end-user take-up of wake-on-LAN service
	2
	2
	4
	To be successful the project requires uptake by a critical mass of end-users, especially those who have administrative control over their desktop machines. The project will ensure a clear communications strategy that includes encouraging users to make the link between this project and the climate change agenda. Much of this risk is also likely to be mitigated by a clear explanation of the technological capabilities.


1.8 Standards
	Name of standard or specification
	Version
	Notes

	Wake-On-LAN 
	--
	Wake-On-LAN technology is the basic standard our project is based on. The hardware support is built in motherboard of most modern computers.  

	SOAP
	V1.2
	SOAP is a standard for exchanging XML-based messages over a network, normally using HTTP. SOAP forms the foundation layer for 'Web Services' providing a basic messaging framework that more abstract layers can build on.  All the communications between our central control server and departmental nodes will be SOAP based messages.

	UDDI
	V3
	UDDI is a platform-independent, XML-based registry for businesses worldwide to list their services. UDDI will enable us to expose our WOL web services.

	WSDL
	V1.1
	WSDL (Web Services Description Language) is an XML format for describing Web services. It will be used in this project to describe our WOL services set.

	HTTP/HTTPS
	V1.1
	The web-based commutations between different components and users will be though HTTP transport-protocol.

	X.509
	V3
	PKI based security infrastructure will be adopted in our system. All the server and departmental nodes will be verified based on their X.509 certificates. 

	SQL
	V2003
	All the main databases deployed in the project will be SQL based relational databases. The TSM central backup system deployed in the university also provides standard SQL interface to interact with external services. 

	WebAuth
	V3
	WebAuth is a web-based Single Sign-On system which enables campus authentication framework in Oxford University. Our services will be well integrated with WebAuth system existing in the University. 


1.9 Technical Development

For each component we will use a cyclic software engineering methodology - this will work from the design document through, implementation and then testing. Individually each component will go through the following procedures:
	Architecture Design
	· Creation of an Implementation Plan to show individual sub-components needing development

· Test Plan to show how each part of functionality will be tested

	Implementation Phase
	· Write the code

· Critical Error Removal

	Testing
	· Regression testing of individual functionality required.

· Unit testing of the entire component.




To support high quality development the project will use the following tools:
· We will use a public code repository (SVN) hosted by the Computing Services for code management.

· The Postgres database software will be used throughout

· All documentation will be written into a publicly available wiki.
· The project will use the Jira software for project bug tracking
· Basecamp for work package management and online communication
1.10 Intellectual Property Rights

Under the two universities’ policies on intellectual property (IP), all rights in IP created by their employees in the course of their employment will generally belong automatically to the university, except that the universities do not normally assert any claim to the ownership of copyright in scholarly materials. Results from this project will therefore be owned in the first instance by the universities as the employing institutions. The universities seek to maximise the commercial potential of its IP through their wholly-owned technology transfer companies. The project will put in place a partnership agreement which makes explicit where IP is to be held solely or jointly. In accordance with the desires of the 01/07 Capital Programme it is proposed to release project deliverables under either a Creative Commons licence or, in the case of software, under an OSI-approved open source software license to maximise the benefit for the wider community.

2 Project Resources

2.1 Project Partners

None – all members of the project team at the University of Oxford.
2.2  Project Management
· Howard Noble is the principal investigator for the project and will take overall responsibility for the project. 

· David Wallom is the project manager and is primarily responsible for implementing the institution-wide WoL service. 

· Daniel Curtis is responsible for the monitoring and evaluation activities.

· Grazyna Cooper is responsible for the delivery of the training commitments

· Kang Tang is the lead developer of the WoL service.

· Kate Aydin is responsible for communications.
· Jon Lockley will support the project for one month to help research machine room design
The project will have a technical advisory board composed of the following staff from the Computing Services department:
· David Rischmiller – member of senior management at the Computing Services department
· Ian Atkin – member of ICT team
· Oliver Gorwitz – network management team lead
· Beth Crutch – registration team lead
· Peter Jones – member of data backup service
· Stephen Young – GRID expertise
The project steering group will pull together people with an interest in the project objectives. The group will support the project with advocacy, forming links with other related projects and advice in improving the quality of the project deliverables. The project will look to involve the following individuals and organisations:
· Prof. Brenda Boardman (senior researcher at the Oxford Centre for the Environment)
· Prof. Anne Trefethen (Director of Oxford e-research institute)

· Prof. Ewan McKendrick, pro vice chancellor at the University of Oxford
· Member of HEFCE involved in developing a strategy for sustainable development

· Prof Paul Jeffreys (Director ICT at University of Oxford and Low Carbon ICT project sponsor)
· Prof. Tony Hey (Head of external research collaboration at Microsoft)
2.3 Programme Support

We would like programme support in advertising the events that will be hosted at Oxford as well as the project outcomes.
3 Detailed Project Planning

3.1 Budget

Please see appendix A.
3.2 Work packages and tasks
Please see appendix B.
3.3 Evaluation Plan

	Timing
	Factor to Evaluate
	Questions to Address
	Method(s)
	Measure of Success

	Feb 2009
	Success of WoL service
	Is the service useful to members of the University?
	Measure uptake of service
	Service is being used and PCs are being turned off when not in use

	Feb 2009
	Virtualisation service is improving environmental performance across the University
	Is uptake of the service reducing the impact of the University ICT strategy on the environment?
	Monitor and evaluate the roll out of virtualisation services
	Virtualisation is reducing the overall impact on the environment of server machines across the University


3.4 Quality Plan

	Output
	

	Timing
	Quality criteria
	QA method(s)
	Evidence of compliance
	Quality responsibilities
	Quality tools 

(if applicable)

	Oct 2007-Oct2008
	WoL development
	Peer review
	Working service and successful sign off of design document by technical advisory group
	David Wallom
	SVN, Jira, Wiki, 

	Mar 2009
	Monitoring and analysis
	Peer review
	Peer review leads to publication
	Daniel Curtis
	Peer review process


3.5 Dissemination Plan

	Timing
	Dissemination Activity
	Audience
	Purpose
	Key Message

	March 2008 and March 2009
	Open-invite and free conference held at Oxford University
	University technical officers and operations managers
	Highlight the role technical innovation can play in reducing environmental impact of educational organisations
	Innovation will reduce the environmental impact of organisations

	Oct 2008
	Technical documentation and training
	Technical officers
	Explain technical details behind virtualisation and WoL technologies
	Virtualisation and WoL can be used to reduce monetary and environmental costs, and improve quality of service management. 


3.6 Exit and Sustainability Plans

	Project Outputs
	Action for Take-up & Embedding
	Action for Exit

	Technical documentation
	Hosted openly on the internet
	Place documentation on web site

	Evaluation reports
	Hosted openly on the internet
	Place documentation on web site

	Monitoring process
	Ownership of process by role within University (role TBC)
	Define ownership of process by role.

	Case studies
	Hosted openly on the internet
	Place documentation on web site

	Source code
	Hosted openly on institutional SVN instance
	Place all code and documentation on institutional SVN + wiki


<List any project outputs that may have potential to live on after the project ends, why, how they might be taken forward, and any issues involved in making them sustainable in the long term.>

	Project Outputs
	Why Sustainable
	Scenarios for Taking Forward
	Issues to Address

	Documentation
	Could inform future strategic direction of JISC and other educational organisations
	Submit papers for publication
	

	WoL management service
	This open source code can be used by other organisations
	Provide clear documentation for other organisations to adopt similar strategy
	

	
	
	
	


4 Appendices
4.1 Appendix A: Project Budget

	Directly Incurred

Staff 
	Oct 07– Mar 08
	Apr 08– Mar 09
	TOTAL £

	Technical Developer (Kang Tang, 1 FTE, Grade 7, 18 months)
	£17,868
	£37,228
	£55,096

	Evaluation lead  (Curtis, 0.3 FTE, Grade 7, 18 months)
	£5,688
	£11,858
	£17,546

	Systems Integrator (TBA, 0.4 FTE, Grade 7, 12 months)
	£1,342
	£15,487
	£16,829

	Researcher (Lockley, 1 FTE, Grade 8, 1 month)
	£4,284
	
	£4,284

	
	£29,182
	£64,573
	£93,755

	
	
	
	

	Non-Staff
	Oct 07– Mar 08
	Apr 08– Mar 09
	TOTAL £

	Travel and expenses
	£515
	£1,061
	£1,576

	Software
	£618
	£0
	£618

	Hardware
	£5,150
	£0
	£5,150

	Conferences & Dissemination
	£515
	£796
	£1,311

	Event Organisation
	£0
	£8,487
	£8,487

	Total Directly Incurred Non-Staff (B)
	£6,798
	£10,344
	£17,142

	
	
	
	

	Directly Incurred Total (A+B=C)

(C)
	£35,980
	£74,917
	£110,897

	
	
	
	

	Directly Allocated
	Oct 07– Mar 08
	Apr 08– Mar 09
	TOTAL £



	Staff (Noble (0.1 FTE), Wallom (0.2 FTE)
	£8,254
	£16,938
	£25,192

	Estates
	£10,251
	£22,451
	£32,702

	Directly Allocated Total (D)
	£18,505
	£39,389
	£57,894

	
	
	
	

	Indirect Costs (E)
	£35,937
	£78,705
	£114,642

	Total Indirect costs
	£35,937
	£78,705
	£114,642

	
	
	
	

	Total Project Cost (C+D+E)
	£90,422
	£193,011
	£283,433

	Amount Requested from JISC
	£63,296
	£137,656
	£200,952

	Institutional Contributions
	£27,126
	£55,355
	£82,481

	
	
	
	

	
	
	
	

	Percentage Contributions over the life of the project
	JISC 70%
	Partners

30%
	Total

100%


Notes on budget:

· Travel and expenses: the project will endeavour to keep travel to a minimum to fit with the goals of the project but staff will need to attend conferences, workshops and meetings

· Software: the project will need to buy some software to support the development of the open source software. This will include one license for Microsoft Development Studio

· Hardware: the project will need to support some units with hardware purchases (or rental) to roll out the necessary server components for the WoL service. We will of course keep these costs to a minimum.

· Conferences and dissemination: The project team will attend conferences to disseminate the work and learn from other groups. This may include commercial conferences.

· Event organisation: The project will organise and host two (free to participants) one-day conferences for the JISC community.

4.2 Appendix B. Work packages
Project start date: 1st October 2007
Project completion date: 31st March 2009

Duration: 18 months

	
	
	
	Month:

	ID
	WORKPACKAGES 
	RESPONSIBILITY
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	1
	Wake-on-LAN build, implementation and roll out
	David Wallom, Kang Tang
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	2
	Monitoring and evaluation design and implementation
	Daniel Curtis
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	3
	Communications strategy design and implementation: 
	Kate Aydin
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	4
	Analysis of current status of energy saving development within ICT
	Daniel Curtis
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x


	
	Earliest start date
	Latest end date
	Outputs
	Milestone
	Responsibility

	WORKPACKAGE 1: 

Objective: 
Roll out an institution-wide wake-on-LAN service.
	
	
	
	
	

	1. Define components interface definitions
	1/11/2007
	12/2007
	Interface definition Document 
	Y
	David Wallom

	2. Technical design review
	1/11/2007
	1/1/2008
	Sign-off from technical design advisory group
	Y
	David Wallom

	3. Develop Departmental WOL Gatekeeper Server
	1/1/2008
	1/3/2008
	Server application
	Y
	David Wallom

	4. Develop Linux Sleep/Wake On LAN client
	1/3/2008
	1/5/2008
	Linux Client Application
	Y 
	David Wallom

	5. Work with early adopters to evaluate WoL service
	1/5/2008
	1/8/2008
	Feedback from early adopters on WoL service
	Y
	David Wallom

	6. Develop Windows Sleep/Wake On LAN client
	1/5/2008
	1/8/2008
	Windows Client Application
	Y
	David Wallom

	7. Develop Condor WOL Gatekeeper Application
	1/8/2008
	1/9/2008
	Condor daemon & Documentation
	Y
	David Wallom

	8. Develop TSM WOL Gatekeeper Interface
	1/9/2008
	1/11/2008
	TSM WOL Interface client & documentation
	Y
	David Wallom

	9. Develop Client application toolkit for WOL gatekeeper
	1/11/2008
	1/1/2009
	Client Toolkit and Documentation
	Y
	David Wallom

	
	
	
	
	
	

	WORKPACKAGE 2: 

Objective: 

Monitor and evaluate the environmental benefit gained through using the WoL and virtualisation services.
	
	
	
	
	

	
	
	
	
	
	

	10. Build database of University and College buildings which are equipped with half-hourly electrical metering.
	1/10/2007
	1/12/2007
	Spreadsheet with data sourced from Estate Services
	
	Daniel Curtis

	11. Build database of departmental/college IT departments
	1/10/2007
	1/12/2007
	Spreadsheet with data sourced from Estate Services
	
	Daniel Curtis

	12. Fit database of departmental/college IT departments to database of metered buildings. 
	1/12/2007
	1/2/2007
	Spreadsheet of metered buildings matched with the departments/colleges housed within them
	
	Daniel Curtis

	13. Acquire ongoing metered data for buildings and determine trends of (especially base load) electrical consumption for different departments/colleges. 
	1/10/2007
	1/3/2009
	Historical and ongoing consumption trend database for buildings and departments identified above
	
	Daniel Curtis

	14. Using the above, monitor the reduction in energy consumption for individual departments/colleges as the low carbon ICT package is rolled out.
	1/10/2007
	1/3/2009
	Energy consumption analyses rolled out in line with software roll out.
	
	Daniel Curtis

	15. Liaise with Computing Services department to build virtualisation case studies
	1/11/2007
	1/3/2008
	Establish energy savings from virtualisation 
	
	Daniel Curtis

	16. Provide final report on total energy savings resulting from project.
	1/2/2009
	1/3/2009
	Presentation of analyses of overall reductions in the University
	
	Daniel Curtis

	
	
	
	
	
	

	WORKPACKAGE 3: 

Objective: 

Develop and implement communications strategy, including engaging with stakeholders and running two open conferences. 
	
	
	
	
	

	17. Develop LCICT communications strategy


	Oct 07


	Dec 07


	Mechanism for publicising LCICT project is in place
	
	Kate Aydin

	18. Identify LCICT external & internal stakeholders
	Oct 07
	Nov 07
	Stakeholders have been identified and are briefed on the project
	
	Kate Aydin

	19. Develop concept for webpage to promote LCICT (FAQ, registration form, conference programme, tool box, technical info, mission statement)
	Nov 07
	Dec 07
	Concept for online resources is developed and handed over to web designer
	
	Kate Aydin

	20. Launch publicity campaign in liaison with OU Press Office
	Jan 08
	Feb 08
	Press releases have been issued, in liaison with OU Press Office, to stakeholders, national & international media, computer journals, and HE websites
	
	Kate Aydin

OU Press Office

	21. Coordinate LCICT 1st conference 
	March 08
	March 08
	1st conference has been successfully run
	
	Kate Aydin

	22. Publish interim report on success of project to date
	Aug 08
	Aug 08
	Report had been written and disseminated to all relevant bodies
	
	Kate Aydin

Howard Noble

	23. Coordinate LCICT 2nd conference
	Dec 08
	Dec 08
	2nd conference has been successfully run
	
	Kate Aydin

	24. Final reports and summary of LCICT Project
	Sept 09
	Oct 09
	Final reports on are disseminated to all relevant bodies
	
	Kate Aydin

Howard Noble

	25. Develop LCICT communications strategy


	Oct 07


	Dec 07


	Mechanism for publicising LCICT project is in place
	
	Kate Aydin

	
	
	
	
	
	

	WORKPACKAGE 4: 

Objective: 

Research technical and energy saving developments within the ICT field.  
	
	
	
	
	

	26. Technology for remote power control using both hardware and software

	Nov07

	Jan 08

	Report and short-list of people to invite to March conference
	Y
	Daniel Curtis and David Wallom

	27. Data centre design covering aspects of layout, power supply, cooling systems, and uninterrupted power supply (UPS).
	Feb 08
	April 08
	Report
	Y
	Daniel Curtis and David Wallom

	28. Optimising ICT use through inter-organisational sharing of resources, technologies that facilitate this sharing and factors for development of a market in this domain
	June  08
	Sep 08
	Report
	Y
	Daniel Curtis and David Wallom

	29. Impact of web-apps and network power utilisation, and the implications of broadband usage
	Nov 08
	Jan 09
	Report
	Y
	Daniel Curtis and David Wallom





























� Introduction to Wake on LAN: � HYPERLINK "http://en.wikipedia.org/wiki/Wake-on-LAN" ��http://en.wikipedia.org/wiki/Wake-on-LAN� 


� Introduction to virtualisation: � HYPERLINK "http://www.vmware.com/virtualization/" ��http://www.vmware.com/virtualization/�


� Virtualisation and sustainability: � HYPERLINK "http://www.vmware.com/solutions/consolidation/green/" ��http://www.vmware.com/solutions/consolidation/green/� 


� � HYPERLINK "http://www.hefce.ac.uk/susdevresources/strat/" ��http://www.hefce.ac.uk/susdevresources/strat/� 
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