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	Abstract

	
This Annual Work Plan describes planned activities and deliverables of HighEFF for the years 2016 and 2017. 
Basis for the plan is proposed and discussed activities by the partners during workshops and through direct communication. Activities in the different Research Areas (RAs) and work packages (WPs) is planned within the framework of e.g available budgets, balance between the different sectors and partner, in order to fulfil the overall goals of the centre. 
The plan will be implemented subject to an approval in the Executive board.








INFORMATION:

This plan contains budget, deliverables and activities for 2016 and 2017.

Part 1 contains a summary of this plan
Part 2 contains detailed RA and WP information

An overall description of the goals, objectives and plans for work considered for the full HighEFF Centre period (2016-2024) is given in HighEFF Overall Work Plan.
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Explanatory information regarding short name of partners, system for deliverable numbers, abbreviations for type of deliverable, In-kind overview, as well as an overview of the WP/RA-structure is included in appendices.

[bookmark: _Toc467434868]Overall objectives for the period	Comment by Petter Nekså: Bør headinger ha nummerering? Gjelder også OWP
· Establish consortium, work plan, boards, routines and efficient work space
· Start 9 PhD candidate, 2 PD's and 10 Master Science students
· Create the innovation plan 
· Create the communication plan
· Start research inn all Research Areas and Work Packages
· Establish 6 industrial cases (one or more in each sector)
· Apply for 3 spin-off projects (one related to each of RA4, RA5 and RA6)
· Arrange Centre workshops, sector specific workshops and additional partner meetings when applicable

[bookmark: _Toc467434869]Deliverables
This refers to number designation described in Appendix A3.
Table 1 Deliverables
	Deliverable title
	Delivery date 
(year-month)
	Deliverable No.

	RA0 Centre Building and Management

	HighEFF Consortium Agreement
	2016-12
	D0.1_2016.01

	Revised application to the Research Council of Norway
	2016-10
	D0.1_2016.02

	HighEFF overall Work plan
	2016-12
	D0.1_2016.03

	Annual Work plan 2016-2017
	2016-12
	D0.1_2016.04

	Educational program
	2016-12
	D0.1_2016.05

	Accounts report 2016
	2017-01
	D0.1_2017.01

	Annual Report 2016
	2017-03
	D0.1_2017.02

	Progress report 1 2017
	2017-06
	D0.1_2017.03

	Progress report 2 2017
	2017-11
	D0.1_2017.04

	Annual Work plan 2018
	2017-12
	D0.1_2017.05

	Kick-off meeting agenda and participation list
	2017-11
	D0.2_2017.01

	HighEFF Workshop 2017-1
	2017-12
	D0.2_2017.02

	HighEFF workshop 2017-2
	2017-12
	D0.2_2017.03

	Possible industry seminars agendas and participation lists
	2017-12
	D0.2_2017.04

	Possible sectorial workshops 
	2017-12
	D0.2_2017.05

	
	
	

	RA1 Methodologies
	
	

	Literature review on Key Performance Indexes (KPIs)
	2017-09
	D1.1_2017.01

	Decide on reference statues for exergy calculations in relevant industrial sectors and across sectors
	2017-10
	D1.1_2017.02

	Establish key industrial requirements for use of the emerging Work and Heat Exchange Network methodology
	2017-09
	D1.1_2017.03

	Review of methodologies for Work and Heat Exchange Networks
	2017-12
	D1.1_2017.04

	Testing of the most promising KPIs for selected industrial partner or sector
	2017-11
	D1.1_2017.05

	Reference states evaluations for an exergy based black-box metric
	2017-12
	D1.1_2017.06

	Plan for PD#1 work on "Fundamental research on the use of exergy for energy efficiency analysis”
	2017-04
	D1.1_2017.07

	Plan for PD#2 work on "Develop fundamental insight on Work and Heat Exchange Networks – WHENs”
	2017-04
	D1.1_2017.08

	Plan for PhD#3 work on" Develop optimization models for WHENs”
	2017-04
	D1.1_2017.09

	Review of promising superstructures for Work and Heat Exchanger Networks
	2017-11
	D1.2_2017.01

	Defining the scope for distributed industrial heat and power generation through networks of energy hubs
	2017-12
	D1.2_2017.02

	Defining the scope for optimal operation and control of power-generating cycles initial study
	2017-12
	D1.2_2017.03

	Test campaign for operational optimization
	2017-12
	D1.2_2017.04

	Plan for PhD#1 work on "Nonsmooth process flowsheet modelling, simulation and optimization of tightly integrated and energy efficient processes"
	2017-04
	D1.2_2017.05

	Plan for PhD#2 work on “Development of a decision-support framework for design and optimization of networks of energy hubs”
	2017-04
	D1.2_2017.06

	Plan for PhD#3 work on "Optimal operation of power-generating cycles, including steam cycles and Organic Rankine Cycles”
	2017-04
	D1.2_2017.07

	Review of alternative aluminum production  processes 
	2017-09
	D1.3_2017.01

	Possible improvements Hall-Heroult process. Initial study
	2017-12
	D1.3_2017.02

	Plan for PhD#3 work on "New offshore framework"
	2017-04
	D1.3_2017.03

	
	
	

	RA 2 Components
	
	

	Maintaining and adapting specially designed in-house tools for HXs
	2017-12
	D2.1_2017.01

	Upgrade the heat transfer test facility  for heat transfer outside of enhanced tubes 
	2017-05
	D2.1_2017.02

	Perform initial experimental test campaigns related to outside tube heat transfer performance 
	2017-12
	D2.1_2017.03

	Potential tube configurations design for 3D printing
	2017-6
	D2.1_2017.04

	Development of high efficient heat exchanger concepts for display cabinets. 
	2017-09
	D2.1_2017.05

	Journal article related to the results obtained during modelling and lab investigation on enhanced tubes for heat uptake 
	
2017-12
	D2.1_2017.06

	Upgrading of the CO2 compressor test facility, implement improved oil management concept and perform experimental test campaigns 
	2017-11
	D2.2_2017.01

	Next generation multi-ejector concepts for boosted  energy performance
	2017-12
	D2.2_2017.02

	Develop new ejector geometries for recirculation in large capacity CO2 systems, RSW ejector
	2017-07
	D2.2_2017.03

	Piston compressor for high suction and discharge temperature operation with hydrocarbons for industrial high temperature heat pumps
	2017-11
	D2.2_2017.04

	Support activity for testing and development of compressors in the hydrocarbon test facility 
	2017-12
	D2.2_2017.05

	Journal article related to the results obtained on new Ejector designs during modelling and lab investigation 
	2017-12
	D2.2_2017.06

	Rebuild and upgrade the HC heat transfer test facility to be operative to enable evaporation and condensation
	operative
2017-09
	D2.3_2017.01

	Perform experimental test campaigns with various Hydrocarbons (CH4; CH6; CH8; CH10; ++) 
	2017-12
	D2.3_2017.02

	Define potential HC fluid mixture configurations and perform experimental investigation on heat transfer and pressure 
	2017-10
	D2.3_2017.03

	Draft of journal article related to the results obtained during lab investigation 
	Draft
2017-12
	D2.3_2017.04

	RA 3 Cycles
	
	

	Status education activities in RA3 2016-2017
	2017-12
	D3.0_2017.01

	Technology screening for selected processes
	2017-11
	D3.1_2017.01

	Feasibility study 1: Analysis of initial concept and industry pairing
	2017-10
	D3.1_2017.02

	Evaluation of TEG on industrial scale implementation
	2017-11
	D3.1_2017.03

	Numerical framework for power cycle simulation and optimization
	2017-10
	D3.1_2017.04

	Feasibility study on high temperature heat pump with heat sink at 200°
	2017-10
	D3.2_2017.01

	Feasibility study on cooling with CO2-HP close to -50°C,
	2017-12
	D3.2_2017.02

	Novel energy efficient drying
	2017-12
	D3.2_2017.03

	Combined heating, cooling and AC with CO2-HP
	2017-12
	D3.2_2017.04

	Feasibility study on energy recovery by steam compression cycles
	2017-10
	D3.2_2017.05

	Experimental Performance Analyse Turbo-compressor 
	2017-12
	D3.2_2017.06

	Initial industrial analyses on exergi mapping
	2017-10
	D3.2_2017.07

	State-of-the-art (SOTA): energy storage
	2017-07
	D3.3_2017.01

	High Temperature PCM TES 
	2017-10
	D3.3_2017.02

	Thermal and integrated energy storage for industrial clusters and thermal grids
	2017-12
	D3.3_2017.03

	RA4 Application
	
	

	Plan for work in 2016-2017
	2017-10
	D4.1_2017.01

	Arrange workshops
	2017-12
	D4.1_2017.02

	Design for novel energy efficient process concepts, first draft
	2017-08
	D.4.1_2017.03

	Plan for PhD#1 on "Process improvements"
	2017-12
	D4.1_2017.04

	Surplus heat recovery in HighEFF industries
	2017-12
	D4.2_2017.01

	Design and evaluation tools for surplus heat recovery concepts
	2017-10
	D4.2_2017.02

	Designing novel concepts for surplus heat recovery systems
	2017-09
	D4.2_2017.03

	Postdoc (Green industry clusters. Outlining of an industrial cluster consisting of processes or concepts familiar to the industrial partners)
	2017-08
	D4.3_2017.01

	Plan for PhD#1 on "Technology integration"
	2017-12
	D4.3_2017.02

	Plan for PhD#2 on "Green industry clusters. Modelling and simulation of industrial cluster performance"
	2017-12
	D4.3_2017.03

	Approach for dynamic modelling of energy exchange in industrial clusters
	2017-18
	D4.3_2017.04

	RA5 Society 
	
	

	Establish industry/academia meeting points
	2017-08
	D5.1_2017.01a+b

	Innovation Roadmap definition

	2017-05
	D5.1_2017.02

	Memo/short report on HighEFF partners’ expectations for innovation

	2017-09
	D5.1_2017.03

	Memo/short report innovation potential assessment
	2017-11
	D5.1_2017.04

	SOTA - barriers and enablers for selected industry sectors
	2017-12
	D5.1_2017.05

	Development of progress plan Coordination with RA management
	2017-02
	D5.1_2017.05

	Evaluation procedure for spin-offs and novel emerging concepts
	2017-04
	D5.2_2017.01

	Prepare the dissemination and communication plan for the first 4 year. First draft
	2017-04
	D5.3_2017.01

	Project website
	2016-12
	D5.3_2016.01

	Dissemination standards and design: project logo, templates, web design available
	2016-12
	D5.3_2016.02

	Set up a HighEFF Blog
	2016-12
	D5.3_2016.03

	E-Newsletter #1
	2016-12
	D5.3_2016.04

	E-Newsletter #2
	2017-06
	D5.3_2017.02

	Summary of scientific publications
	2017-12
	D5.3_2017.03

	Summary of popular scientific publications
	2017-12
	D5.3_2017.04

	RA6 Case Studies
	
	

	Plan & methodology for case studies incl. KPI and framework conditions
	2017-07
	D6.0_2017.01

	Case study review report
	2017-12
	D6.0_2017.02

	Pop science publication- joint with industry focus on local population
	2017-12
	D6.0_2017.03

	Conference paper – first draft
	2017-12
	D6.0_2017.04

	Sub-plan for methodology and KPI/framework conditions (D6.0_2017_1)
	2017-06
	D6.1_2017.01

	Metals /Materials Sector Workshop Summary
	2017-04
	D6.1_2017.02

	Case study:  Utilization of CO gas in industrial  Cluster -First draft
	2017-12
	D6.1_2017.03

	Student work – Utilization of CO gas in industry cluster
	2017-12
	D6.1_2017.04

	Blue sky ideas-  Metals/Materials Sector
	2017-12
	D6.1_2017.05

	Sub-plan for methodology and KPI/framework conditions (D6.0_2017_1)
	2017-06
	D6.2_2017.01

	Oil & Gas Sector Workshop Summary
	2017-03
	D6.2_2017.02

	Case study: Heat Production at Electrified Platform-First draft
	2017-12
	D6.2_2017.03

	Student work – Heat production on electrified platform
	2017-12
	D6.2_2017.04

	Sub-plan for methodology and KPI/framework conditions (D6.0_2017_1)
	2017-06
	D6.3_2017.01

	Food Sector Workshop Summary
	2017-05
	D6.3_2017.02

	Case study Report Food Sector - First draft
	2017-12
	D6.3_2017.03

	Student work – Food Sector
	2017-12
	D6.3_2017.04

	Sub-plan for methodology and KPI/framework conditions (D6.0_2017_1)
	2017-06
	D6.4_2017.01

	Industry Clusters Workshop Summary
	2017-06
	D6.4_2017.02

	Case study report - Utilisation of CO gas in industry cluster -First draft
	2017-12
	D6.4_2017.03

	Student work , 3 MSc- Utilization of CO gas in industry cluster
	2017-12
	D6.4_2017.04

	Case study report- Absorption cooling for data storage/server Centres -First draft
	2017-12
	D6.4_2017.05

	
	
	

	Other deliverables? (to be discussed)
	
	


[bookmark: _Toc467434870]Budget overview
Table 1	Total Budget in [kNOK] per Research Area (RA), 2016 and 2017 
(In-kind from R&D-partners included in R&D-row)
	
	
RA0
Management
	
RA1
Methodology
	
RA2
Components
	
RA3
Cycles
	
RA4
Applications
	
RA5
Society
	
RA6
Cases
	
Sum

	R&D
	9360
	4193
	5764
	8994
	6644
	4131
	6621
	45707

	PhD/
postdoc
	0
	6373
	1413
	2394
	3213
	520
	0
	13912

	Industry In-kind
	0
	1611
	833
	2059
	1526
	411
	1159
	7600

	Sum
	9360
	12177
	8010
	13447
	11384
	5062
	7780
	67220





Table 2		Total budget in [kNOK] per RA and year (including In-kind from all partners)
	
Research Area

	
2016
	
2017
	
Sum


	RA0  Management
	4680
	4680
	9360

	RA1  Methodology
	1497
	10679
	12177

	RA2  Components
	1512
	6498
	8010

	RA3  Cycles
	2619
	10829
	13447

	RA4  Applications
	2015
	9368
	11384

	RA5  Society
	1039
	4023
	5062

	RA6  Cases
	1813
	5967
	7780

	To-be-allocated
	0
	0
	0

	Sum
	15175
	52045
	67220
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[bookmark: _Toc467434871]PART 2: DETAILED RA AND WP PLANS (2016-2017)
















Explanatory information regarding short name of partners, system for deliverable numbers, abbreviations for type of deliverable, In-kind overview, as well as an overview of the WP/RA-structure is included in appendices.
[bookmark: _Toc467434872]RA0: Management
Summary of overall objectives: 
· Establish a management and administrative system for smooth project execution, including systems for overall planning and operation, co-ordination and proper progress reporting.
· Monitor that the project execution is in accordance with the Consortium Agreement and the proposal submitted to the Research Council of Norway.
· Serve the Consortium, safeguard the integration of partners and ensure that all partners operate in alignment with the common objectives of HighEFF.
· Overall scientific coordination
· Manage IPR and knowledge issues.
· Reporting the project performance and preparing decisions for the Executive Board.
· Manage the legal, financial and administrative staff.

[image: ]



The centre management structure is as follows:
	GA
	General Assembly: Representatives: All partners + EB Chairman
	[image: ]

	EB
	Executive Board: Lead: industry. Representatives: industry (majority), NTNU, SINTEF.
	

	SC
	Scientific Committee: Lead: Scientific Committee leader. Representatives: all academic partners, and Scientific Coordinator. Safeguard the scientific quality. 
	

	EIAC
	Exploitation & Innovation Advisory Committee: Lead: industry. Representatives: all industry partners, selected research partners. 
	

	TC
	Technical Committee: Representatives: WP leaders, including industry representatives. Technical advisory committees will be established for specific R&D topics to ensure knowledge transfer between the Centre partners.
	

	CMT
	Centre Management Team: Includes the Centre manager (lead), Centre coordinator, Scientific Committee leader, Scientific Coordinator and the RA-leaders. Responsible for the strategic and executive centre management, including issues relating to inter-work package coordination, and centre performance. Includes support functions that will be part of the daily operations and management. CMT will arrange regular meetings as required for coordinating the activities in the Centre.
The Centre manager shall report on scientific, technical and financial matters as well as actual progress relating to the Executive Board.

	 CT
	Core Team: Includes the Centre manager, Centre coordinator, Scientific Committee leader, Scientific Coordinator. Will discuss matters concerning budget, educational activities, and other scientific topics.



Budget per WP and partner (2016 and 2017)
	WP
	
	Sum
	SINTEF ER
	NTNU
	Industry partners

	WP 0.1
	Management
	5575
	4945
	630
	0

	WP 0.2
	Centre building and knowledge trans
	1333
	1333
	0
	0

	WP 0.3
	To be allocated
	0
	0
	0
	0

	
	
	
	
	
	

	Sum RD-budget
	6908
	6278
	630
	0

	Own efforts and contributions
	2452
	2093
	359
	0

	Total budget
	9360
	8371
	989
	0




	[bookmark: _Toc467434873]WP0.1 Management

	Main objectives for the following period: 
· Establish systems for overall planning, coordination and proper progress reporting.
· Monitor that the project execution is in accordance with the Consortium agreement and the proposal submitted to the Research Council of Norway. 
· Administer Intellectual property rights and knowledge issues
· Administer invitation and integration of current and new partners.
· Establish the Consortium agreement between the Consortium participants. 
· Establish work plans for 2016-2017 and the Overall work plan
· Managing the legal, financial and administrative staff 
· Distribution of Centre funding according to approved budgets and Executive board decisions.
· Reporting the project performance and preparing decisions for the Executive board
· Managing the different committees and panels deemed necessary by the Executive board
· Controlling financial, quality and time performance of Research areas.

	Description of work
· Establish the Consortium Agreement.
· Send revised application to the Research Council of Norway.
· Coordinate preparation of the overall work plan, and annual Work plans for 2016-2017 and 2018 and corresponding budgets
· Monitor and execute management of the Centre in accordance with the Work plans, the Consortium Agreement and the R&D Agreement with the Research Council of Norway (RCN).
· Monitor compliance by the Consortium participants with their obligations.
· Establish the General assembly (GA) and Executive board (EB), as well as prepare meetings and agendas and control implementations of decisions.
· Establish a plan/routine for listing, approving and reporting deliverables and publications.
· Follow up and approve deliverables and publications according to the abovementioned plan.
· Keep the address list of the members and other contact persons updated and available.
· Collect, review and verify consistency and submit information on the progress of the Centre and reports (including financial statements and related certifications) to the Research Council.
· Report deviations of progress and/or costs with respect to approved plans to the Executive board, and propose measures to improve such deviations
· Make available documents and information as well as deliverables connected with the project to the partners and to and between Research Area leaders.
· Follow up of cost and work performance in the Centre.
· Receive at regular intervals the eligible costs and in-kind incurred by each partner, for overall budget control.
· Administer the financial contributions from the Research Council and industrial partners.
· Calculate and distribute pre-financing and payment to those partners that will receive financial support, according to their respective share according to the consortium agreement and approved Work plans.
· Monitor Centre Health, Security and Environment (HSE) issues
· Follow up on the educational program.
· Follow up on scientific progress and coordination between Research areas. 
· Arrange regular meetings for CMT and CT as required for coordinating the activities in the Centre.

Deliverables: all D0.1_2016.01-05  and D0.1_2017.01-05


	Educational activities: Will be executed in respective RA.

	Industry involvement: In establishing GA and EB and the work with these.

	[bookmark: _Toc467434874]WP0.2 Centre building and knowledge transfer

	Main objectives for the following period: 
· Establish and maintain a strong and well-considered Consortium.
· Involve User partners actively in the planning and execution of research activities.

	Description of work
Task 0.2.1 FME HighEFF Kick-off 
Arrange a Kick-off for FME HighEFF to officially open the Centre, network, and to discuss Work plans.
Deliverable: D0.2_2017.01

Task 0.2.2 HighEFF workshops
Arrange one or possible two (if needed) HighEFF workshops where all HighEFF members from both R&D and industry can participate, possibly with guests.
Deliverables: D0.2_2017.02 and D0.2_2017.03

Task 0.2.3 Seminars and workshops
Arrange industry and sector specific seminars and cross-sectorial workshops if found possible/necessary in the first operating year. 
Deliverables: D0.2_2017.04 and D0.2_2017.05

Task 0.2.4 Centre building and promotion
Participate in Centre building and promotion, which among other things includes presentations on behalf of HighEFF elsewhere, promote the core topic of HighEFF outside the Centre itself.

Task 0.2.5 Internal communication
Manage internal communication in the Centre by establishing a platform for exchanging information (eRoom), and follow up all the Centre partners.

	Educational activities: 
Not applicable

	Industry involvement: 
All partners involved in meetings and workshops where appropriate.



	Deliverable title
	Type
	Deliverable
No.
	Diss. level
	Delivery date [year-month]
	Lead

	RA0 Management


	WP0.1
	Management

	HighEFF Consortium agreement
	O
	D0.1_20176.01
	RE
	20176-0412
	SER

	Revised application to the Research Council of Norway
	O
	D0.1_2016.021
	RE
	2016-10
	SER

	HighEFF overall Work plan
	MR
	D0.1_20167.023
	RE
	20176-0412
	SER

	Annual Work plan 2016-2017
	MR
	D0.1_20167.034
	RE
	20176-0412
	SER

	Educational program
	MR
	D0.1_20167.045
	RE
	20176-12
	NTNU

	Accounts report 2016
	MR
	D0.1_2017.051
	RE
	2017-081
	SER

	Annual Report 2016
	MR
	D0.1_2017.02
	RE
	2017-03
	SER

	Progress report 1 2017
	MR
	D0.1_2017.063
	RE
	2017-06
	SER

	Progress report 2 2017
	MR
	D0.1_2017.074
	RE
	2017-11
	SER

	Annual Work plan 2018
	MR
	D0.1_2017.085
	RE
	2017-12
	SER

	WP0.2
	Centre building and knowledge transfer

	Kick-off meeting agenda and participation list
	O
	D0.2_2017.01
	PU
	2016-11
	SER

	HighEFF Workshop 2017-1
	O
	D0.2_2017.02
	PU
	2017-0612
	SER

	Possible HighEFF workshop 2017-2
	O
	D0.2_2017.03
	tbd
	2017-112
	SER

	Possible industry seminars agendas and participation lists
	O
	D0.2_2017.04
	RE
	2017-12
	SER

	Possible sectorial workshops 
	O
	D0.2_2017.05
	RE
	2017-12
	SER



Milestones
	Milestone title
	Milestone
No
	Lead
	Deadline
[year-month]

	
	
	
	

	General assembly meeting (GA01) 28 Nov 2016
	M0.1.1
	SINTEF ER
	2016-11

	Executive board meeting (EB01) 2016
	M0.1.2
	SINTEF ER
	2016-12

	Executive board meeting (EB02) 2017-1
	M0.1.3
	tbd
	2017-06

	Executive board meeting (EB03) 2017-2
	M0.1.4
	tbd 
	2017-12

	General assembly meeting (GA02) 2017
	M0.1.5
	tbd
	2017-12

	Kick-off 28 Nov 2016
	M0.2.1
	SINTEF ER
	2016-11

	HighEFF Workshop 2017-1
	M0.2.2
	tbd 
	2017

	Possible HighEFF workshop 2017-2
	M0.2.3
	tbd
	2017

	Possible sector workshops 2017
	M0.2.4
	tbd
	2017

	Possible industry seminars 2017
	M0.2.5
	tbd
	2017



[bookmark: _Toc467434875]RA1: Methodologies
Summary of long term objectives 
RA1 Methodologies will extend existing and develop new methods that can be used to evaluate and improve the energy use in the industry. The success of technological improvements related to energy and resource efficiency will be measured by relevant KPIs. Energy consumption in industry consists of both heat and power. Since these energy forms have different qualities, exergy should also be used in measuring energy efficiency. The aim is to establish exergy as a common measure of energy quality within all sectors involved in HighEFF.  

Process Systems Engineering (PSE) includes methods and tools for modelling, simulation, design, optimization, control and operation of process plants, all from a systems viewpoint. PSE could hence be seen as a “toolbox” in the search for increased energy efficiency.

Within Future Process Frameworks we intend to create new ideas and innovations for possible new processing concepts and/or clusters of different processes relevant for the HighEFF partners. The results from RA 1 should be disseminated and applied in other RAs, in particular RA 3, RA 4 and RA6.

The work in RA1 will require input from industry to define relevant cases for evaluation and further development. Such data will be collected in close collaboration with RA6 Case Studies where each sector is represented with a work package. Further RA6 will be dependent on results from RA1 in their evaluation of different defined cases.

RA and WP leaders involved

[image: ]
[image: ]



Budget per WP and partner (2016 and 2017)
	WP
	
	Sum
	SINTEF ER
	SINTEF MC
	NTNU
	MIT
	UoManch
	Industry partners

	1.0
	RA management
	936
	0
	936
	0
	0
	0
	

	1.1
	KPI's, Energy & Exergy analysis
	4920
	366
	884
	3669
	0
	0
	

	1.2
	Process systems engineering
	2072
	75
	0
	706
	689
	602
	

	1.3
	Future processes
	1591
	0
	884
	706
	0
	0
	

	
	
	
	
	
	
	
	
	

	Sum RD-budget
	9518
	441
	2704
	5082
	689
	602
	

	Own efforts and contributions
	4252
	147
	901
	1271
	172
	150
	1610

	Total budget
	13770
	588
	3606
	6353
	861
	752
	1611




	[bookmark: _Toc467434876]WP1.1 KPI's, Energy and Exergy analysis

	Main objectives for the following period: 
· Establish the project group (Industrial partners, SINTEF ER, SINTEF MC and NTNU) after initial workshop for each sector arranged in collaboration with RA6	Comment by Petter Nekså: Should come through RA6?
· Establish KPIs for e.g. energy efficiency, competitiveness, costs and GHG emissions by reviewing, screening and extending current KPIs to satisfy the needs of HighEFF
· Demonstrate the use and advantages of exergy as an objective metric for energy efficiency in order to create acceptance in an industrial setting
· Develop methods for simultaneous heat and power considerations that will result in e.g. optimal Work and Heat Exchange Networks (WHENs)
· Recruitment and start of 2 PD and 1 PhD candidate 
· Publish 2 journal papers and 3 conference papers

	Description of work
The existing KPIs for energy and material usage (natural sources and materials recycle), carbon footprint and their application in industry will be examined. The KPIs will be evaluated from an economic and a thermodynamic point of view. A methodology for preforming post design black-box exergy analysis is to be established for the use by industry. A metric and use of thermodynamic reference states needs to reflect the industrial sector of application and the possibilities for cross-sectorial exchange of exergy. The use of this metric is to be analysed for selected cases relevant to HighEFF and in cooperation with other RAs.
Within the area of energy and exergy analysis, a bridge between the above mentioned work on KPIs (in particular those based on exergy) and current development in methodologies for design and optimization of Work and Heat Exchange Networks (WHENs). The short-term focus will be on combining thermodynamic insight and practical considerations, while the long-term objective will be to develop optimization frameworks and to include aspects of optimal control and operation of WHENs. This latter part means interaction between WP 1.1 and WP 1.2 (Process Systems Engineering), and 1 PhD will address problems in these two WPs.
Task 1.1.1 Key Performance Indicators (KPI) (NTNU, SINTEF MC, SINTEF ER)
Review and screen KPIs for environmental impact, energy and exergy efficiency.  This work includes fundamental research on the use of Exergy for Energy Efficiency.
Deliverable: D1.1_2017.01
Deliverable: D1.1_2017.05

Task 1.1.2 Energy & Exergy Analyses (NTNU, SINTEF MC, SINTEF ER)
Collect information on current industry practise on KPI usage and exergy analysis. Current insight for 
Work and Heat Exchange Networks. 
Deliverable: D1.1_2017.02

Task 1.1.3 Industrial case study for WHEN methodology (NTNU, SINTEF ER)
Establish an industrial case study for application of the WHEN methodology and publish a journal paper on WHEN.
Deliverable: D1.1_2017.03
Deliverable: D1.1_2017.04 

Task 1.1.4 Reference states evaluations (SINTEF MC, NTNU)
Evaluate reference states for an exergy based black-box metric and their possible cross-sectorial consequences
Deliverable: D1.1_2017.05 

Task 1.1.x
Possible other tasks? (to be discussed)


	Educational activities: 
· PD#1.1.1 to be supervised by Signe Kjelstrup, NTNU “Fundamental research on the use of exergy for energy efficiency analysis”
· PD#1.1.2 to be supervised by Truls Gundersen, NTNU “Develop fundamental insight on Work and Heat Exchange Networks – WHENs”
· PhD#1.1.1 to be supervised by Truls Gundersen, NTNU “Develop optimization models for WHENs”
2-3 MSc students will be assigned (Project and Master Thesis) to WP 1.1
Deliverable: D1.1_2017.06
Deliverable: D1.1_2017.07
Deliverable: D1.1_2017.08


	Industry involvement:
Industry partners will be involved in discussion and testing of various KPIs and to test new ideas related to Work and Heat Exchange Networks.




	[bookmark: _Toc467434877]WP1.2 Process systems Engineering

	Main objectives for the following period: 
· Establish contacts with HighEFF user partners to align research with industrial needs in collaboration with RA6
· Develop methods for improved energy efficiency using laws of thermodynamics at all process levels (equipment/plant/site/cluster) and design stages (conceptual/post-design)
· Explore the combined use of rigorous modelling and mathematical optimization in order to guide plant operation to maximize the utilization of invested equipment
· Develop novel approaches for non-smooth process flowsheet modelling, simulation and optimization to capture the key features of tightly integrated and energy efficient processes
· Develop improved methods for optimal operation of integrated energy systems
Evaluate a new paradigm for industrial utility systems, where centralized utility systems are replaced by a system with distribution of heat and power generation, with symbiotic exploitation of waste heat and heat-to-energy systems

	Description of work
Task 1.2.1 Non-smooth process flowsheet modelling (NTNU)
Further development of non-smooth process flowsheet modelling aiming for optimization will be executed. Non-smoothness in process models is an increasingly important phenomenon to capture when designing and operating tightly integrated, intensified and energy efficient processes. There are recent and promising advances in non-smooth analysis and numerical methods that will be continued, where target applications could include novel energy-intense cryogenic process systems, such as air separation for oxy-combustion, as well as compact and modular liquefied natural gas processes for stranded, offshore and floating applications.
Deliverable: D1.2_2017.01

Task 1.2.2 Design of networks of energy hubs (NTNU)
Develop a decision-support framework for design/optimization of networks of energy hubs. Within the field of Process Integration, there are unexploited features in current industrial utility systems. Whilst energy integration within processing sites is practiced (albeit with some significant limitations), integration between processing sites is rarely utilized. In this project, a new paradigm for industrial utility systems will be explored, where distributed heat and power generation together with symbiotic exploitation of waste heat and waste-to-energy systems are realized in energy hubs.
Deliverable: D1.2_2017.02

Task 1.2.3:  Power-generating cycles (NTNU)
There is considerable scope for energy savings by optimal control and operation of energy intensive processes. Cyclic processes for power production, refrigeration and liquefaction will be addressed, and optimal operation and control of power-generating cycles will be evaluated.
Deliverable: D1.2_2017.03

Task 1.2.4 Establish a test campaign for operational optimization (NTNU, SINTEF ER, SINTEF)
Establish a test campaign on operational optimization that is relevant for HighEFF partners, such as complex utility systems, oil refineries or petrochemical plants.	Comment by Petter Nekså: Focussed by partners
Deliverable: D1.2_2017.04

Task 1.2.5 University collaboration  (NTNU, MIT, UoM)
Establish close collaboration between professor pairs at MIT/NTNU and UoM/NTNU.

Task 1.2.x
Possible other tasks? (to be discussed)


	Educational activities: 
· PhD#1.2.1 to be supervised by Paul Barton, MIT; “Nonsmooth process flowsheet modelling, simulation and optimization of tightly integrated and energy efficient processes”
· PhD#1.2.2 to be supervised by Robin Smith, UoM; “Development of a decision-support framework for design and optimization of networks of energy hubs”
· PhD#1.2.4 to be supervised by Sigurd Skogestad, NTNU; “Optimal operation of power-generating cycles, including steam cycles and Organic Rankine Cycles”	Comment by Petter Nekså: Is there enough basis for starting this PhD now? Should come after defined PhDs on power cycles in RA3?
3-4 MSc students will be assigned (Project and Master Thesis) to WP 1.2
Deliverable: D1.2_2017.05
Deliverable: D1.2_2017.06
Deliverable: D1.2_2017.07


	Industry involvement:
This is relevant for most industrial partners. Statoil and GasscoOil, Gas and Energy will be targeted as a starting point.




	[bookmark: _Toc467434878]WP1.3 Future Process Framework

	Main objectives for the following period: 
· Define key framework parameters for future processing concepts and determine their influence on technologies for energy efficiency and environmental footprint.
We aim to start with two activities: 1) Primary aluminium industry, and 2) New offshore framework. 
For the primary aluminium industry, we want to submit recommendations concerning further research on alternative or strongly modified processes for production of primary aluminium, based on critical evaluations of Alcoa's chloride process, carbothermal aluminium, inert anodes, and wetted cathodes. Later in 2017, we will start the work to submit recommendations concerning further research on methods and means for further decrease of energy consumption and environmental footprint in the Hall-Héroult process. 

	Description of work
Aluminium electrolysis by the Hall-Héroult process is energy intensive. In Norway, 18 TWh of electric power is consumed (12-13 % of the Norwegian production) for manufacturing about 1.2 Mton aluminium. The process emits around 2.1 Mt CO2-equivalents. The development in lowering the energy consumption and CO2-footprint has been tremendous since 1990. Still, the aluminium production needs to be a lot "greener" to meet the recommendations in "Veikart for Prosessindustrien", where it is stated that the process industry should be based on non-fossile carbon in 2050. How to handle this? Is it possible? Our aim is to evaluate some alternatives to the traditional Hall-Heroult process. We also intend to evaluate new concepts and materials for use in today's process, creating a basis for continued research on methods and means for decreased energy consumption and environmental footprint. 
The offshore topic could be to present consequence analysis, recommendations and criteria of resource-efficiency in design of changed and new processes and to review potential new process equipment (for instance ejectors and membranes for separation) and extend previous work (NTNU, SINTEF ER, others) on exergy analysis to include comparison of such units.

Task1.3.1 Literature review (SINTEF MC)
Literature reviews concerning Alcoa's chloride process, carbothermal aluminium, inert anodes, and wetted cathodes. Critical evaluations based on results obtained, thermodynamics, environmental footprint, economic estimates, and other conditions. Recommendations concerning possible further research on these processes. 
Deliverable: D1.3_2017.01

Task1.3.2 Hall-Heroult process improvement (SINTEF MC, SINTEF ER)
Planning and start work concerning recommendations for further decrease of energy consumption and environmental footprint in the Hall-Heroult process, including new materials (e.g. bio-carbon) and methods for eliminating PFC generation. 
Deliverable: D1.3_2017.02

Task1.3.3 New Offshore Frameworks. (NTNU, SINTEF ER)
Review potential new process equipment (for instance ejectors and membranes for separation) and extend previous work (NTNU, SINTEF ER, others) on exergy analysis to include comparison of such units. Prepare implementation of structural relations (e.g. the methods of “advanced exergy analysis” from TU Berlin) in the analyses, to identify the mutual effects on exergy destruction between units of a system. 

Task 1.3.x
Possible other tasks? (to be discussed)


	Educational activities: 
•	PhD#1.3.1 to be supervised by Ivar Ertesvåg, NTNU; “New offshore framework”1 PhD will be recruited and start in 2017 for New Offshore Framework.
1-2 MSc students will be assigned (Project and Master Thesis) to WP 1.3
D1.3_2017.03

	Industry involvement:
Aluminium: Input and discussions with Hydro and Alcoa and relevant supplier industry.	Comment by Petter Nekså: Relevant partners covered
Silisium: metal and material partners
Offshore: Statoil, AkerBP.
Others








Deliverables 
	Deliverable title
	Type
	Deliverable
No.
	Diss. level
	Delivery date [year-month]
	Lead
	Cost [kNOK]

	RA1 Methodologies


	WP1.1
	KPI's, Energy and Exergy analyses

	Literature review on Key Performance Indexes (KPIs)
	JP/CP
	D1.1_2017.01
	PU
	2017-09
	NTNU
	

	Decide on reference statues for exergy calculations in relevant industrial sectors and across sectors
	R/CP
	D1.1_2017.02
	PU
	2017-10
	NTNU
	

	Establish key industrial requirements for use of the emerging Work and Heat Exchange Network methodology
	R/CP
	D1.1_2017.03
	PU
	2017-09
	NTNU
	

	Review of methodologies for Work and Heat Exchange Networks
	JP
	D1.1_2017.04
	PU
	2017-12
	NTNU
	

	Testing of the most promising KPIs for selected industrial partner or sector
	R/CP
	D1.1_2017.05
	PU
	2017-11
	SINTEFMC
	

	Reference states evaluations for an exergy based black-box metric
	R
	D1.1_2017.06
	PU
	2017-12
	SINTEF MC
	

	Plan for PD#1.1.1 work on "Fundamental research on the use of exergy for energy efficiency analysis”
	M
	D1.1_2017.07
	PU
	2017-04
	NTNU
	

	Plan for PD#1.1.2 work on "Develop fundamental insight on Work and Heat Exchange Networks – WHENs”
	M
	D1.1_2017.08
	PU
	2017-04
	NTNU
	

	Plan for PhD#1.1.1 work on" Develop optimization models for WHENs”
	M
	D1.1_2017.09
	PU
	2017-04
	NTNU
	

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP1.2
	Process system engineering

	Review of promising superstructures for Work and Heat Exchanger Networks
	JP
	D1.2_2017.01
	PU
	2017-11
	NTNU
	

	Defining the scope for distributed industrial heat and power generation through networks of energy hubs
	R/CP
	D1.2_2017.02
	PU
	2017-12
	UoM
	

	Defining the scope for optimal operation and control of power-generating cycles initial study
	R/CP
	D1.2_2017.03
	PU
	2017-12
	NTNU
	

	Test campaign for operational optimization
	M
	D1.2_2017.04
	PU
	2017-12
	NTNU
	

	Plan for PhD#1.2.1 work on "Nonsmooth process flowsheet modelling, simulation and optimization of tightly integrated and energy efficient processes"
	M
	D1.2_2017.05
	PU
	2017-04
	NTNU
	

	Plan for PhD#1.2.2 work on “Development of a decision-support framework for design and optimization of networks of energy hubs”
	M
	D1.2_2017.06
	PU
	2017-04
	NTNU
	

	Plan for PhD#1.2.4 work on "Optimal operation of power-generating cycles, including steam cycles and Organic Rankine Cycles”
	M
	D1.2_2017.07
	PU
	2017-04
	NTNU
	

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP1.3
	Future Processes

	Review of alternative aluminum production  processes 
	R + PR
	D1.3_2017.01
	PU
	2017-09
	SINTEFMC
	

	Possible improvements Hall-Heroult process. Initial study
	M
	D1.3_2017.02
	PU
	2017-12
	SINTEFMC
	

	Plan for PhD#1.3.1 work on "New offshore framework"
	M
	D1.3_2017.03
	PU
	2017-04
	NTNU
	

	Other deliverables? (to be discussed)
	
	
	
	
	
	


[bookmark: _Toc467434879]RA2: Components
Summary of long term objectives
· Develop components required for cost-effective implementation of heat pumping and conversion, including exploitation of novel technologies experimentally, e.g. utilizing additive 3D manufacturing
· Design rotating machinery suited for natural working fluids in new industrial application areas
· Develop methods and tools required for designing components and cycles with natural working fluid mixtures; thermodynamic properties, system optimization, and experimental development

Possible areas for spin-off application:
All Work Packages in this Research Area could be relevant for applications or spin off projects, most likely towards national calls for KPN to RCN or international calls within EU for H2020.
· WP2.1 Heat Exchangers
· WP2.2 Work recovery and compressors
· WP2.3 Natural Working fluids and mixtures


RA and WP leaders involved

[image: ]
[image: ]


Budget per WP and partner (2016 and 2017)
	WP
	
	Sum
	SINTEF ER
	NTNU
	Industry partners

	2.0
	RA management
	462
	0
	462
	

	2.1
	Heat exchangers
	1986
	1986
	
	

	2.2
	Work recovery & compressors
	1796
	1090
	706
	

	2.3
	Natural working fluids and mixtures
	1409
	703
	706
	

	
	
	
	
	
	

	Sum RD-budget
	5654
	3779
	1875
	

	Own efforts and contributions
	2621
	1171
	617
	833

	Total budget
	8274
	4949
	2492
	833






	[bookmark: _Toc467434880]WP2.1 Heat Exchangers

	Main objectives for the following period: 
· Adapting and optimize heat exchanger design with respect to alternative working fluids
· Maintaining and adapting of specially designed in-house tools, for analysing and developing novel heat exchanger designs
· Investigate potential for ‘printing / adaptive manufacturing’ of heat exchanger tube configurations for the laboratory investigation (outside enhanced tube configurations).
· Study novel solutions for efficient heat transfer in display cabinets at elevated evaporation temperatures

All activities are closely linked with:
Selection of working fluids WP2.3; Thermodynamic cycles WP3; Specific HighEFF case studies WP6; Energy storage WP3.3

	Description of work
An existing heat exchanger test facility at the VATL laboratory will be upgraded/applied to investigate the heat transfer on the outside of small and enhanced tube configurations. Based on theoretical studies, new tube configurations will be made and implemented in the test facility for validation of current heat transfer and pressure drop correlations.

A flexible heat exchanger modelling tool based on connecting simple geometry and fluid objects with advanced thermo- physical models has been developed over the last years at SINTEF ER.  With use of these basic framework, various kind of advanced and novel heat exchanger concepts can be created, evaluated and optimized for performance, size or any other objective. In RA2, new underlying physical models and heat exchanger concepts relevant for HighEFF case studies will be developed.

Several options of enhanced heat transfer layouts for refrigeration cabinets will be evaluated numerically and verified experimentally: two stage evaporators with shelf-superheaters, optimized air circulation loop, Phase Change Materials (PCM) to alleviate temperature peaks during defrosting. Both 3D CFD models as well as 0D transient system models will be used to design a modified cabinet layout. A dedicated experimental test campaign will provide measurement data for validation of the developed concepts   

Task 2.1.1 Hydrocarbon (HC) heat transfer (SINTEF ER, NTNU)
Maintaining and adapting specially designed in-house tools with respect to heat transfer for hydrocarbons.
Deliverable D2.1_2017.01 

Task 2.1.2 Outside heat transfer (NTNU, SINTEF ER)
Rebuild the heat exchanger test facility and perform experimental test campaigns related to outside tube heat transfer performance  
Deliverable 2.1_2017.02
Deliverable 2.1_2017.03

Task 2.1.3 Tube configurations (SINTEF ER, NTNU)
Define potential tube configurations and order 3D printed samples  
Deliverable 2.1_2017.04

Task 2.1.4 Display Cabinet HX (NTNU, SINTEF ER,)
Development of high efficient heat exchanger concepts for display cabinets. 
Deliverable 2.1_2017.05

Task 2.1.5 Journal paper Heat Exchanger performance (SINTEF ER, NTNU, +)
Write a journal article related to the results obtained during modelling and lab investigation on enhanced tubes for heat uptake 
Deliverable 2.1_2017.06

Task 2.1.6 Visualisation of dry ice sublimation (Doshisha, SINTEF ER, NTNU)
Build up of a visualisation set-up for a CO2 sublimator. Sublimation will enabling cooling duties at temperatures below the triple point (below -56'C)
Deliverable 2.1_2017.07

Task 2.1.x
Possible other tasks? (to be discussed)


	Educational activities: 
· 2 -3 MSc students will be assigned (Project and Master Thesis). Possible topics:
· Heat exchanger development
· Modification of cabinet layout for boosted heat transfer conditions 
· Reactivate the previous PhD test heat exchanger facility; tube outside heat transfer measurements, heat recovery from hot air streams to measure outside heat transfer with smaller tube dimensions.
· Visualisation of CO2 sublimation

	Industry involvement:  End user industry from all sectors, Viessmann, Carrier, REMA, Mayekawa, AlfaLaval, GE Power and others? Some of the industry partners will also contribute with in-kind contribution to the R&D activities in the tasks.



	[bookmark: _Toc467434881]WP2.2 Work Recovery and Compressors

	Main objectives for the following period: 
· Maintaining and adapting of specially designed in-house tools, for analysing and developing novel ejectors
· Build up a competence team for CFD calculations related to advanced ejector, expander & compressor geometries
· Utilize the in-house CO2 compressor test facility to validate the new HighEFF-CO2 Compressor
· Adaptation of existing models of hydrocarbon piston compressors for elevated evaporation/ suction temperatures (> +70 °C)
· Build up a HC compressor test facility 

All activities are closely linked with: Thermodynamic cycles WP3;

	Description of work
The work performed will concentrate on development of compressors and ejectors for work recovery.
Development of a high efficient CO2 piston compressor in the suction volume range of 50-100 m3/h with respect to refrigeration systems of 100-500 kW at -5°C. 
Simulation of advanced ejector concepts by multi-dimensional CFD simulations of new ejector geometries for various applications.
Adaptation of hydrocarbon compressors specifically designated for high-temperature fluids, i.e., butane: with respect to thermal management, lubrication and concepts for suction at temperature conditions.
•	Thermal protection of the electric motor (specially designed thermal insulation, liquid injection)
•	Thermal protection of mechanical parts (bearings, discharge section, oil circulation in the crankcase)
•	Protection from excessive condensation of refrigerant inside compressor, specifically at stand-still
•	Selection of lubricant (appropriate viscosity values of the refrigerant-oil mixture in the whole operation envelope)

Task 2.2.1 CO2 Compressor (SINTEF ER, NTNU)
Reactivate the compressor test facility, implement improved oil management concept and perform experimental test campaigns
Deliverable D 2.2_2017.01 

Task 2.2.2 Multi-Ejector  (SINTEF ER, NTNU, )
Develop new ejector geometries concepts for boosted energy performance.
Deliverable D 2.2_2017.02 

Task 2.2.3 RSW-Ejector (SINTEF ER, NTNU,)
Develop new ejector geometries for recirculation large capacity CO2 systems. 
Deliverable D 2.2_2017.03 

Task 2.2.4 Hydrocarbon Compressor ( SINTEF ER, NTNU)
Develop a piston compressor for high suction and discharge temperature operation with hydrocarbons for industrial high temperature heat pumps 
Deliverable D 2.2_2017.04 
	
Task 2.2.5 Hydrocarbon  Compressor Facility (SINTEF ER, NTNU, , +)
Support activity for testing and development of compressors in the test  facility to be built in the KPN HeatUP project enabling the use of hydrocarbons as working fluid, applicable for high temperature heat pumps 
Deliverable D 2.2_2017.05

Task 2.2.6 Journal Paper Ejector (SINTEF ER, NTNU, +)
Write a journal article related to the results obtained on new Ejector designs during modelling and lab investigation 
Deliverable D 2.2_2017.06

Task 2.2.x
Possible other tasks? (to be discussed)



	Educational activities: 
· Start up and integrate the PhD2.2.1 candidate (CFD Ejector) into the HighEFF team
· Engage a project/master student to investigate improved oil separation measures implemented in the first generation CO2 compressor
· Engage a project/master student to investigate new ejector concepts.
Deliverable D2.2_2017.07

	Industry involvement: Mayekawa, Dorin, Danfoss, end-user industry partners, others.
Some of the industry partners will also contribute with in-kind contribution to the R&D activities in the tasks.
Most probably third party sub-contracting Obrist Engineering and SUT (Silesian University of Technology)



	[bookmark: _Toc467434882]WP2.3 Natural Working fluids and mixtures

	Main objectives for the following period: 
· Utilize and adapt an in-house heat transfer test facility (inside small diameter tubes) to perform experimental investigations with hydrocarbons and mixtures
· Experimental campaigns for maintaining and adapting specially designed in-house tools, for analysing and developing correlations hydrocarbons and their mixtures
All activities are closely linked with:
WP 2.1, WP 2.2 and Thermodynamic cycles WP3

	Description of work
An existing test facility will be upgraded and applied to investigate the heat transfer of hydrocarbons and mixtures on the inside of small tube configurations. 
Task 2.3.1 Hydrocarbon heat transfer (NTNU, SINTEF ER)
Rebuild and upgrade the HC heat transfer test facility (enable evaporation and condensation) and perform experimental test campaigns with various Hydrocarbons (CH4; C2H6; C3H8; C4H10; ++) Evaluate test rig for extension to plate type hxs
Deliverable D2.3_2017.01  and  D2.3_2017.02

Task 2.3.2 Hydrocarbon  fluid mixtures (SINTEF ER, NTNU)
Define potential HC fluid mixture configurations actions and perform experimental investigation on heat transfer and pressure drop.
Deliverable D2.3_2017.03 

Task 2.3.3 Journal Paper (SINTEF ER, NTNU, +)
Write a journal article related to the results obtained during lab investigation 
Deliverable D2.3_2017.04 

Task 2.3.x
Possible other tasks? (to be discussed)
	 

	Educational activities: 
· Start up and integrate the PhD2.3.1 candidate (HC mixtures performance) into the HighEFF team
· Engage a project/master student to investigate the heat transfer and pressure drop of  HCs and mixtures
Deliverable D2.3_2017.05

	Industry involvement: Cadio, Kuldeteknisk, Danfoss, Dorin, Mayekawa, Alfa Laval, end-user industry partners, others. Some of the industry partners will also contribute with in-kind contribution to the R&D activities in the tasks.




	Deliverable title
	Type
	Deliverable
No.
	Diss. level
	Delivery date [year-month]
	Lead
	Cost [kNOK]

	RA2 Components


	WP2.1
	Heat Exchangers

	Maintaining and adapting specially designed in-house tools for HXs
	PR
	D2.1_2017.01
	PU
	2017-12
	SER
NTNU
	900
100

	Upgrade the heat transfer test facility  for heat transfer outside of enhanced tubes 
	M
	D2.1_2017.02
	RE
	2017-05
	NTNU
SER
	200
50

	Perform initial experimental test campaigns related to outside tube heat transfer performance 
	PR
	D2.1_2017.03
	PU
	2017-12
	NTNU
	200

	Potential tube configurations design for 3D printing
	PR
	D2.1_2017.04
	PU
	2017-6
	SER
	350

	Development of high efficient heat exchanger concepts for display cabinets. 
	TR
	D2.1_2017.05
	RE
	2017-09
	NTNU
SER
	400
350

	Journal article related to the results obtained during modelling and lab investigation on enhanced tubes for heat uptake, draft
	JP
	D2.1_2017.06
	PU
	
2017-12
	SER
NTNU
	100
100

	Journal article related to visualisation of CO2 sublimation
	JP
	D2.1_2017.07
	PU
	2017-09
	Doshisha
SER
NTNU
	300
50
20

	
	
	
	
	
	
	2750

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP2.2
	Work recovery and Compressors

	Upgrading of the CO2 compressor test facility, implement improved oil management concept and perform experimental test campaigns 
	PR
	D2.2_2017.01
	PU
	2017-11
	SER 
NTNU
 
	656
150


	Next generation multi-ejector concepts for boosted  energy performance
	M
	D2.2_2017.02
	RE
	2017-12
	SER
NTNU
	300
200

	Develop new ejector geometries for recirculation in large capacity CO2 systems, RSW ejector
	PR
	D2.2_2017.03
	RE
	2017-07
	SER NTNU

	300
150


	Piston compressor for high suction and discharge temperature operation with hydrocarbons for industrial high temperature heat pumps
	PR
	D2.2_2017.04
	RE
	2017-11
	SER
NTNU
	250
150

	Support activity for testing and development of compressors in the hydrocarbon test facility 
	M
	D2.2_2017.05
	PU
	2017-12
	SER
NTNU

	1000
100


	Journal article related to the results obtained on new Ejector designs during modelling and lab investigation 
	JP
	D2.2_2017.06
	PU
	2017-12
	SER
NTNU

	
100
       75
50


	Plan for PhD#2.2.1 work on "CFD Ejector"
	M
	D2.2_2017.07
	PU
	2017-04
	NTNU	Comment by Petter Nekså: Disc AHA
	

	
	
	
	
	
	
	3331

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP2.3
	Natural Working Fluids and mixtures

	Rebuild and upgrade the HC heat transfer test facility to be operative to enable evaporation and condensation
	M
	D2.3_2017.01
	PU
	2017-09
	NTNU
	400

	Perform experimental test campaigns with various Hydrocarbons (CH4; CH6; CH8; CH10; ++) 
	PR
	D2.3_2017.02
	PU
	2017-12
	NTNU
	200

	Define potential HC fluid mixture configurations and perform experimental investigation on heat transfer and pressure 
	PR
	D2.3_2017.03
	PU
	2017-10
	SER
NTNU
	150
100

	Draft of journal article related to the results obtained during lab investigation 
	JA
	D2.3_2017.04
	PU
	2017-12
	SER
NTNU
	100
100

	Plan for PhD#2.3.1 work on "HC mixture performance"
	M
	D2.3_2017.05
	PU
	2017-04
	NTNU
	

	
	
	
	
	
	
	1050

	Other deliverables? (to be discussed)
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Summary of long term objectives
Develop improved cycles and concepts for converting and upgrading energy sources, including power production from surplus heat, and heat upgrade using heat pumps.

RA and WP leaders involved

[image: ]
[image: ]


Budget per WP and partner (2016 and 2017)
	WP
	
	Sum
	SER
	SFA
	NTNU
	KTH
	Tel-Tek
	AIT
	Shang-hai
	Doshisha
	Industry partners

	3.0
	RA management
	936
	936
	0
	0
	0
	0
	0
	0
	0
	

	3.1
	Energy-to-power conversion
	3658
	1496
	0
	1413
	322
	427
	0
	0
	0
	

	3.2
	HTHP, cooling and drying
	2794
	1658
	462
	0
	0
	0
	200
	237
	237
	

	3.3
	Energy storage
	1752
	890
	0
	706
	0
	0
	156
	0
	0
	

	
	
	
	
	
	
	
	
	
	
	
	

	Sum RD-budget
	9139
	4979
	462
	2119
	322
	427
	356
	237
	237
	

	Own efforts and contributions
	4906
	1660
	154
	530
	85
	142
	119
	79
	79
	1993

	Total budget
	14046
	6639
	616
	2649
	407
	569
	474
	316
	316
	1993
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	Main objectives for the following period: Identify appropriate and promising technologies, concepts and target processes. Establish methodology and progress on numerical framework for concept development. Begin concept evaluation in representative industrial setting and scale.

	Description of work: Initial screening and evaluation of relevant and promising technologies and concepts, for selected industry cases/processes. This scope can be extended or re-focussed during the centre's lifetime. Develop methodology and numerical tools needed for concept development, evaluation and experimental verification. 

Task 3.1.1 Heat-to-power technologies for the industry (SINTEF ER, Tel-Tek, NTNU, KTH)
Explore the potential and feasibility of different conversion technology/industry process combinations. Constraining and focusing work to concepts/areas/sectors of significance.
Deliverable: D3.1_2017.01

Task 3.1.2 Feasibility study of selected technology and industry (SINTEF ER, NTNU)
Feasibility study of a selected combination of heat-to-power technology concept and industry process heat source. Will be framed in the setting of a participating partner industry, and the technology that shall be evaluated will be selected to match the case parameters.
Deliverable: D3.1_2017.02

Task3.1.3 Evaluation of TEG industry implementation process (Tel-Tek, SINTEF ER)
Evaluation of potential and feasibility of full scale TEG implementation in a selected industry; system energy balance, heat uptake and –dissipation, thermoelectric power generation from sensible heat sources
Deliverable: D3.1_2017.03

Task 3.1.4 Numerical framework for power cycles (SINTEF ER, NTNU)
Develop and adapt numerical framework for process development, optimization, and evaluation. Includes SER in-kind from KPN COPRO as declared in RA0. 
Deliverable: D3.1_2017.04

Task 3.1.x
Possible other tasks? (to be discussed)


	Educational activities: 
· PhD#3.1.1 to be supervised by Lars O. Nord, NTNU ("Compact and Efficient Bottoming Cycles for Offshore Power Production")
· PhD#3.1.2 to be supervised by Petter Nekså, NTNU ("Using Pressure and Heat Conversion for Power Production")
· PhD#3.1.3 to be supervised by Per G. Lundqvist, KTH ("Rankine cycles using mixed working fluids")
· 1 MSc students will be assigned (Project or Master Thesis) 
Deliverable: D3.0_2017.01
Deliverable: D3.1_2017.05
Deliverable: D3.1_2017.06
Deliverable: D3.1_2017.07


	Industry involvement: Feasibility studies and technology evaluation will require industry participation for the identification of boundary conditions and KPI.
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	Main objectives for the following period: Evaluation and experimental verification of novel concept/design for high temperature heat pump (HTHP), mechanical vapour re-compression (MVR), refrigeration/cooling systems and HP/MVR assisted drying. 

	Description of work: Feasibility study on integrated systems for refrigeration, cooling, heating and AC; Cycle performance improvements for industrial refrigeration and HTHP; Development of novel concepts for HTHP; experimental component and system verification (with RA2); Development of MVR and HTHP for efficient drying processes. 

Task 3.2.1 High temperature heat pump concepts (AIT)
Feasibility study on high temperature heat pump with heat sink at 200°C. Identification of working fluid, technology readiness levels and system availability.
Deliverable: D3.2_2017.01

Task. 3.2.2 Refrigeration at low temperature evaporation (SINTEF FA, SINTEF ER,)
Feasibility study on cooling with CO2-HP close to -50°C, inclusive identification of possible industry applications; Ultra-low-temperature-freezing. Mainly focus on refrigeration needs in the food industry in this period. Cooling needs in other industry sectors will be followed up from 2018
Deliverable: D3.2_2017.02

Task 3.2.3 Drying concepts (SINTEF FA, NTNU, SINTEF ER)
Concept study on energy efficient drying of products and by-products (food/feed); Focus will be superheated steam drying and pulse combustion drying. Mainly focus on drying needs in the food industry in this period. Drying needs in other industry sectors will be followed up from 2018
Deliverable: D3.2_2017.03

Task 3.2.4 Combined Heat, Cooling and Air conditioning (SINTEF ER, , SINTEF FA, NTNU)
Design & evaluation of energy/process concepts for energy efficient production sites (e.g. slaughterhouse, food distribution centre). Integration of multi-ejector into supermarket refrigeration rack and systems designed for combined heat, cool and AC applications with CO2. 
Deliverable: D3.2_2017.04

Task 3.2.5 High Temperature Steam Heat Pumps  (SINTEF ER)
Feasibility study on energy recovery by steam compression cycles for steam based processes  ; using MVR up to 150°C
Deliverable: D3.2_2017.05

Task 3.2.6 High Temperature Heat Pump-LAB (SINTEF ER)
Laboratory experiment; performance analyse of turbo compressors concepts for open and closed loop steam cycles; involvement of RA2; 
Deliverable: D3.2_2017.06

Task 3.2.7 Initial energy analyses  (SINTEF ER)
Establishing energy demand, available exergy in local excess heat, boundary conditions of processes; evaluate energy saving potential for selected industries. Cooperation anticipated with RA 1 on KPI and methods. 
Deliverable: D3.2_2017.07

Task 3.2.8 Test rig CO2 for ultra-low to high temperature heat pumping (Doshisha, SINTEF ER, NTNU)
Construction of a test rig for CO2 heat pumping from temperatures below -60'C, enabled by sublimation of CO2 dry ice 
Deliverable: D3.2_2017.08


Task 3.2.x
Possible other tasks? (to be discussed)


	Educational activities:
· 2 MSc students will be assigned (Project and Master Thesis)
· 1 summer job student

Deliverable: D3.0_2017.01

	Industry involvement: TINE, REMA, Carrier, Marine Harvest, Vedde, Orkla, Hybrid Energi, Danfoss, Mayekawa, Statoil, FFF, Hydro, AlfaLaval others?
Feasibility studies will require industry participation for the identification of boundary conditions and KPI.
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	Main objectives for the following period:  
· Map relevant technologies and solutions for thermal and integrated energy storage systems for industrial applications at component, cycle, system and grid level.  
· Start activities within (high-temperature) PCM TES to be integrated in components and systems of HighEFF in collaboration with AIT. 
· Start activities within thermal and integrated (thermal-electric) energy storage systems for industrial clusters and thermal grids in collaboration with WPs 4.3 and 6.4. 
· Map the demand and possibilities for energy storage systems at the industrial partners

	Description of work
Describing state-of-the-art for both thermal and thermal-electric energy storage, investigate new possibilities with using novel high temperature phase-change-materials, and start exploring and developing new concepts for energy storage and intelligent integration in energy systems.

Task 3.3.1 State-of-the-art (SOTA) (SINTEF ER, NTNU)
A SOTA study of thermal and integrated (thermal-electric) energy storage systems for industrial applications at component, cycle, system and grid level.
Deliverable: D3.3_2017.01

Task 3.3.2 High-temperature PCM TES for components and cycles (AIT, SINTEF ER)
Study how the performance of cycles and components to be developed in HighEFF could be improved through integration of (high-temperature) PCM TES. (Coordination with WPs 3.1, 3.2 and WP2)
Deliverable: D3.3_2017.02

Task 3.3.3 Thermal and integrated energy storage for thermal grids (SINTEF ER, NTNU)
Develop novel concepts for large-scale thermal and integrated (thermal-electric) energy storage for industrial clusters and thermal grids. Possible technologies include e.g. large-scale sensible TES (water and rock storages, high temperature boreholes), and pumped TES for conversion between heat and electricity (Coordination with WPs 4.3 and 6.4).
Deliverable: D3.3_2017.03

Task 3.3.x
Possible other tasks? (to be discussed)


	Educational activities: 
· PhD#3.3.1 to be supervised by Armin Hafner, NTNU "Energy Storage for Integration of Renewables"
· 1 MSc student will be assigned (Project and Master Thesis)
Deliverable: D3.0_2017.01
Deliverable: D3.3_2017.04


	Industry involvement: Relevant industrial partners include e.g. Mo Industripark, Hydro Energi, and Bulk Infrastructure, Alfa Laval, GE Power and possible other partners




Deliverables
	Deliverable title
	Type
	Deliverable
No.
	Diss. level
	Delivery date [year-month]
	Lead
	Cost [kNOK]

	RA3 Cycles


	Status education activities in RA3 2016-2017
	R
	D3.0_2017.01
	PU
	2017-12
	NTNU
	2455

	WP3.1
	Energy-to-Power Conversion

	Technology screening for selected processes
	M
	D3.1_2017.01
	PU
	2017-11
	SER
KTH
	565
53

	Feasibility study 1: Analysis of initial concept and industry pairing
	PR
	D3.1_2017.02
	PU
	2017-10
	SER
	400

	Evaluation of TEG on industrial scale implementation
	R
	D3.1_2017.03
	PU
	2017-11
	Tel-Tek
SER
	498
50

	Numerical framework for power cycle simulation and optimization
	PR
	D3.1_2017.04
	PU
	2017-10
	SER
	500

	Plan for PhD#3.1.1 work on "Compact and Efficient Bottoming Cycles for Offshore Power Production"
	M
	D3.1_2017.05
	PU
	2017-04
	NTNU
	

	Plan for PhD#3.1.2 work on "Using Pressure and Heat Conversion for Power Production "
	M
	D3.1_2017.06
	PU
	2017-04
	NTNU
	

	Plan for PhD#3.1.3 work on "Rankine cycles using mixed working fluids "
	M
	D3.1_2017.07
	PU
	2017-04
	NTNU
	

	
	
	
	
	
	
	3117

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP3.2
	HTHP, Cooling and Drying

	Feasibility study on high temperature heat pump with heat sink at 200°
	CP
	D3.2_2017.01
	PU
	2017-10
	
AIT
	
200

	Feasibility study on cooling with CO2-HP close to -50°C,
	R
	D3.2_2017.02
	PU
	2017-12
	SER
SFA
	100
200

	Novel energy efficient drying
	M
	D3.2_2017.03
	PU
	2017-12
	SFA
SER
	162
200

	Combined heating, cooling and AC with CO2-HP
	M
	D3.2_2017.04
	PU
	2017-12
	SER
SFA
NTNU
	550
100
78

	Feasibility study on energy recovery by steam compression cycles
	R
	D3.2_2017.05
	PU
	2017-10
	Shanghai
SER
	237
200

	Experimental Performance Analyse Turbo-compressor – initial study
	M
	D3.2_2017.06
	I
	2017-12
	SER
	278

	Initial industrial analyses on exergy mapping
	CP
	D3.2_2017.07
	PU
	2017-10
	SER
	300

	Test rig design for CO2 heat pump system lifting from ultra-low to high temperatures
	CP
	D3.2_2017.08
	PU
	2017-10
	Doshisha
SER
	237
50

	
	
	
	
	
	
	2835

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP3.3
	Energy Storage

	State-of-the-art (SOTA): energy storage
	R
	D3.3_2017.01
	PU
	2017-07
	SER
	450

	High Temperature PCM TES 
	M
	D3.3_2017.02
	PU
	2017-10
	SER
AIT
	300
156

	Thermal and integrated energy storage for industrial clusters and thermal grids
	PR
	D3.3_2017.03
	PU
	2017-12
	SER
NTNU
	145
581

	Plan for PhD#3.3.1 work on "Energy Storage for Integration of Renewables"
	M
	D3.3_2017.04
	PU
	2017-04
	NTNU
	

	
	
	
	
	
	
	1607

	Other deliverables? (to be discussed)
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Summary of long term objectives:
Applications will integrate basic research and concepts from RA1 and the components, cycles and concepts developed in RAs 2 and 3 into specific industry settings to generate more energy-efficient processes and improved heat capture and utilization concepts. With Mo Industripark and BULK as an examples, this RA will also develop further the potential of "green" industry clusters and local thermal grids on a Nordic scale. More specific the RA will identify potential and concepts for use of process gas, e.g. CO in pre-reduction for Manganese, develop a metal furnace concept with at least 20% lower total energy  use and look into the next generation concepts for surplus heat capture and utilization.


RA and WP leaders involved
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Budget per WP and partner (2016 and 2017)
	WP
	
	Sum
	SER
	SMC
	NTNU
	CMU
	Industry partners

	4.0
	RA management
	936
	0
	936
	0
	0
	

	4.1
	Process improvements
	2387
	110
	1525
	752
	0
	

	4.2
	Surplus heat recovery
	1316
	1098
	218
	0
	0
	

	4.3
	Industry clusters and technology integration
	3558
	879
	218
	1504
	957
	

	
	
	
	
	
	
	
	

	Sum RD-budget
	
	8197
	2087
	2896
	2256
	957
	

	Own efforts and contributions
	
	3991
	696
	965
	564
	239
	1526

	Total budget
	
	12187
	2783
	3862
	2820
	1196
	1526
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	Objectives:
·   Establish a strong co-operation between the industrial and academic partners to identify and align research activities to industrial application in collaboration with RA6 
·  Determine potentials of process improvements for reduction in specific energy consumption by systematic energy/exergy analyses and comparison of different system concepts
·   Investigate new concepts for energy efficient process improvements. Investigate main selected concepts and components with focus on system robustness, acceptable return of investment and environmental impact
Cooperation with other WPs: All WP's

	Description of work
Potential process improvements in energy intensive industries will be subject of research in RA 1 to RA3; these RA's generate the basis and performance indicators for work in RA4, WP4.1. Initially the present WP need to identify the most promising improvements for an industrial implementation. Therefore three sector specific seminars will be arranged to identify the industrial perspective on technology needs on short and long term. A comprehensive information exchange between industrial experts and researchers is vital for an efficient outcome of the seminars. Based on these seminars a more detailed schedule for industrial applicable conceptual designs will be developed; sub-sequent for the identified applications technical and economical evaluation will be performed. The technical and economical evaluation will simultaneously give information on the economic efficiency of the process and indication of research needs to achieve a given economical target. The development within the individual RA's will have comprehensive influence on WP4.1, therefore frequent revision of the work plans are envisaged, thus follow-up workshops with industry and research are needed at least every 18 month.

WP4.1 will address (but not limited to) the following industrial settings for  process improvements:
· Evaluation of the sub-merged arc furnace concept by means of energy/exergy analysis to determine where the simultaneously parasitic energy consumption (cooling losses) is reduced and energy recovery is enhanced. The design improvement will also address the consumption of carbon exceeding the stoichiometric consumption and thus reduce CO2-footprint of the process. 
· Utilization of CO-gas in metallurgical production
· Conceptual design of systems to convert furnace off-gases into either energy carriers or value added chemicals
· Adaption of intermittent processes for high efficiency energy integration and heat recovery through application of components developed in RA2 and RA3
· Improved dynamic process control for batch processes though improved monitoring
· Application of mechanical vapour recompression (MVR) in steam-based processes to offset primary fuel consumption.
· Further applications are outcome of the planned workshops 

Task 4.1.1 Determine potentials of process improvements for reduced energy consumption (SINTEF MC, SINTEF ER, NTNU) 
Three workshops will be held in the first 24 month of the projects in coordination with RA6. Theses workshops will address industrial and academic stakeholders involved in case studies (WP6.1 to WP6.3) for identification of areas with most critical need for improvement. Based on an initial screening a comprehensive literature review will be performed to establish the state of the art and estimate a theoretical possible energy usage reduction based on a rigorous energy/exergy analysis. These estimates will be utilized as benchmark for process improvements. A strong cooperation with RA1 (WP1.1 and 1.2) is envisaged to utilize new methods towards improved energy efficiency and their implementation in industries. Further, the individual compounds developed in RA 2 and RA3 will be considered for implementation. White papers generated in Task 4.1.1 will be utilized to refine plans for Task 4.1.2 and 4.1.3.

Deliverable: D4.1_2017.01

Task 4.1.2 Investigate new concepts for energy efficient process improvements (NTNU,  SINTEF MC)
Utilization of results from Task 4.1.1 to develop concepts for high energy efficient processes and elucidate the needed improvements. Work will address initially:
· Sub-merged arc furnace concept: simultaneously reduction of energy losses and improved feeding strategies 
· Plant internal recycle of by-products to enhance efficiency
· Adaption of intermittent processes for high efficiency energy integration and heat recovery 
· Improved monitoring and dynamic process control for batch processes
· Application of mechanical vapour recompression (MVR) in steam-based processes to offset primary fuel consumption. 
Deliverable: D4.1_2017.02

Task 4.1.3 Investigate main selected concepts and components (SINTEF MC, NTNU SR)
Based on the work performed in Task 4.1.1 and 4.1.2, three concepts will be evaluated with respect to their overall system robustness and environmental impact, in parallel a technical and economical evaluation will be performed to establish the economic viability of the processes.
Deliverable: D4.1_2017.04

Task 4.1.x
Possible other tasks? (to be discussed)

	Educational activities:
· PhD#4.1.1 to be supervised by Merete Tangstad, NTNU “Process improvements”
· 2-3 MSc students will be assigned (Project and Master Thesis) 
Deliverable: D4.1_2017.03

	Cooperation with other WPs: All WPs

	Industry involvement: 
All three industrial sectors industry will participate in project meetings and Work Shops, and contribute with expertise, equipment and material.
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	Objectives 
· Identify and develop effective approaches for heat capture from different industrial heat sources
· Establish physical interfaces and integration possibilities to industrial processes (linked to RA 1)
· Develop different heat capture solutions and efficient heat transferring fluids tailored to specific applications, depending on the nature, quality and quantity of the targeted heat sources, considering hazards of various fluids related to e.g. metal smelters
Cooperation with other WPs: 
WP 2.1 Heat exchangers, WP 3.1 Energy-to-power conversion, WP 4.3 Integration and clusters, WP 1.3 Future processes 

	Description of work
Initial efforts shall concretely determine relevant state-of-the-art, explore opportunities and potential in partner industries and begin to establish a numerical framework for designing and evaluating new concepts. Work package tasks will, particularly in the beginning, coordinate efforts with SFI MetPro for mutual benefit and to avoid redundant work. In short, developing viable and competitive heat recovery concepts shall be the focus of HighEFF.

Task 4.2.1 Framework for surplus heat recovery (SINTEF ER, SINTEF MC)
· Identify state-of-the-art of conventional and novel surplus heat recovery relevant for partner industries in HighEFF (gases, liquids, surfaces, radiation). 
· Map, describe, and quantify potentially exploitable surplus heat sources in partner industries. This activity may be repeated to over time build a systemized and categorized database of relevant heat recovery cases.
· Establish necessary numerical tools to aid design and evaluation of different concepts for surplus heat recovery.
Deliverable: D4.2_2017.01
Deliverable: D4.2_2017.02

Task 4.2.2 Design of surplus heat recovery concepts (SINTEF ER)
Explore and describe design criteria for heat recovery solutions for some selected industrial heat sources in different heat source categories. Key words on design criteria are temperature, time-variability, state/medium, required efficiency for reutilization, contaminations/foulants 
Deliverable: D4.2_2017.03

Task 4.2.x
Possible other tasks? (to be discussed)


	Educational activities:
· 2-3 MSc students will be assigned (Project and Master Thesis)

	Industry involvement: Alfa Laval, all sectors involved




	[bookmark: _Toc467434890]WP4.3 Industry Clusters(IC) and Technology Integration (TI)

	Objectives 
·   Study implementation of the developed components and cycles (RAs 2 and 3), and process improvements (WP 4.1) and into actual industrial processes utilizing PSE methodologies (WP 1.3)
· Develop concepts for utilization of surplus heat internally within a plant or in neighbouring plants, such as distributed heat recovery and power production; (ii) novel light-weight WHRUs and condensers developed in WP 2.1 for offshore applications; and (iii) use of surplus CO for pre-reduction of Mn-ore
· Concepts developed in WP4.3 will be applied in the case studies in RA 6
· Outline an industrial cluster consisting of processes familiar to the industrial partners. An example: high- temperature metal producing processes at one end and greenhouses or onshore fish farming units at the opposite end, and a number unit processes in parallel and series in between the endpoints.
· Optimize the cluster through detailed analysis and simulation of interaction between individual processes on various levels and under well-defined restrictions. Each process must be modelled with a suitable level of rigor, on a platform that can handle heat and mass transfer, fluid flow and chemical reactions.
· Benchmark the designed cluster towards Mo Industripark, with the aim of further development of the cluster
· Apply the concept towards modelling of local low-temperature thermal grids utilizing waste heat from data centres, supermarkets, or other industries


	Description of work
Task 4.3.1 Post doc.: Outlining of an industrial cluster consisting of processes or concepts familiar to the industrial partners. Care will be taken to order the processes in the best way from a thermodynamic point of view. One example will be to place processes utilizing gas as reactant in the order lowest to highest Xpp (conversion per pass), but without recycling within the individual plants. A cluster of this kind could have high temperature metal producing processes “in one end” while the “opposite end” will have green houses and on-shore fish farming units, even including food production. Between these endpoints a number of processes (Unit processes and unit operations) acting both in series and in parallel will provide numerous opportunities for improving the overall picture both through overall design, but also by simulations and analysis of cooperation between the processes on various levels and under various well formulated restrictions. A central part of this task will be identification of properties required in programming tools suited for cluster modelling. This can probably be achieved using standard flow-sheeting tools. Choice of processes/processing steps to be included will be selected in cooperation with the industrial partners and also with those involved in the cluster activities in RA5 in SFI Metal production.
Deliverable: D4.3_2017.01

Task 4.3.2 PhD: Modelling and simulation of industrial clusters performance. 
The main objectives for the PhDs PhD4.3.1 and PhD4.3.2 are: (1) Testing alternative solutions heat recovery and heat use against each other, and (2) Identify sub-clusters that might be realized at existing plants
To achieve this each process unit involved need to be modelled mathematically at a suitable level. It is likely that such modelling can take the form of suitable production- or transfer-functions for all units involved. Such modelling must be done on a platform that can handle heat and mass transfer, fluid flow and chemical reactions equally well, and all sub-process models should probably be dynamic.
Deliverable: D4.3_2017.02
Deliverable: D4.3_2017.03

Task 4.3.3 Dynamic modelling of energy exchange in industrial clusters
Dymola is a simulation software suited for physical modelling of thermodynamic systems. In previous projects (KPN INTERACT, IPN DSTG), Dymola and the component oriented physical modelling approach supported by the Modelica modelling language have been used for modelling local thermal grids for developments and building complexes. With this modelling approach, the time delay between the different elements in the network, hydraulic and thermal losses and mixing of flow between the supply and return lines can be simulated realistically. In this task, initial models for simulating energy exchange – including heat, air, CO, etc. – within industry clusters will be created. Mo Industripark will be used as a case study.
Deliverable: D4.3_2017.04

Task 4.3.x
Possible other tasks? (to be discussed)


	Educational activities:
· PhD#4.3.3 to be supervised by Leiv Kolbeinsen, NTNU “Modelling and simulation of industrial clusters performance (IC)” To be started 2019
· PhD#4.3.1 to be supervised by Johannes Jäschke, NTNU “Optimization of Energy Efficiency in Large-Scale Industrial Systems under Uncertainty(TI)”
· PhD#4.3.2 to be supervised by Lorenz T. Biegler, CMU "Sensitivity-based Algorithms for Nonlinear Programming Problems(TI)"
· PD#4.3.1 to be supervised by Leiv Kolbeinsen, NTNU “Outlining of an industrial cluster(IC)" 

	Industry involvement: 
Sector Oil and Gas and Energy; Sector Metals & Materials; FFF, Food and Chemical, Bulk Infrastructure, Alfa Laval. The industry will participate in project meetings, workshops, contribute with equipment and materials.



	Deliverable title
	Type
	Deliverable
No
	Diss. level
	Delivery date [year-month]
	Lead
	Cost [kNOK]

	RA4 Applications


	WP4.0 
	Management

	Plan for work in 2016-2017
	R
	D4.0_2016.01
	PU
	2016-12
	SMC
	

	Management 2017
	
	
	
	
	
	936

	WP4.1
	Process Improvements

	Arrange workshops
	M + PR
	D4.1_2017.01
	PU
	2017-10
	SMC
	298

	Design for novel energy efficient process concepts, first draft
	R
	D4.1_2017.02
	PU
	2017-12
	SMC
SER
	800
108

	Plan for PhD4.1.1 on "Process improvements"
	M
	D.4.1_2017.03
	PU
	2017-04
	NTNU
	581

	Technical and economical evaluation of selected concepts
	M
	D4.1_2017.04
	PU
	2017-12
	SMC
	400

	
	
	
	
	
	
	2187

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP4.2
	Surplus Heat Recovery

	Surplus heat recovery in HighEFF industries
	R
	D4.2_2017.01
	PU
	2017-12
	SER
SMC
	400
214

	Design and evaluation tools for surplus heat recovery concepts
	PR
	D4.2_2017.02
	PU
	2017-10
	SER
	384

	Designing novel concepts for surplus heat recovery systems
	M
	D4.2_2017.03
	PU
	2017-09
	SER
	300

	
	
	
	
	
	
	1298

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP4.3
	Industry Clusters(IC) and Technology Integration(TI)

	Postdoc PD4.3.1 "Outlining of an industrial cluster(IC)"
	M
	D4.3_2017.01
	PU
	2017-08
	NTNU
SMC

	721
214


	Plan for PhD#4.3.2 on " Sensitivity-based Algorithms for Nonlinear Programming Problems(TI)"
	M
	D4.3_2017.02
	PU
	2017-04
	CMU
	957

	Plan for PhD#4.3.1 on "Optimization of Energy Efficiency in Large-Scale Industrial Systems under Uncertainty(TI)"
	M
	D4.3_2017.03
	PU
	2017-04
	NTNU
	650

	Approach for dynamic modelling of energy exchange in industrial clusters
	M+ PR
	D4.3_2017.04
	PU
	2017-18
	SER
	867

	
	 
	
	
	
	
	3409

	Other deliverables? (to be discussed)
	
	
	
	
	
	



[bookmark: _Toc467434891]RA5: Society
Summary of long term objectives
Society will manage the innovation activities and handle dissemination, communication and general flow of information in the Centre. Innovation strategies and technology roadmaps for each sector will be developed and updated every second year. The Roadmaps will shared among partners to enhance cooperation and synergies, and be a tool for administrators and industry to allocate or reallocate resources if necessary, and innovation management will include research on internal and external interaction, as well as on the barriers and enablers for innovation and realization of HighEFF technologies and concepts.  Potential novel emerging concepts that were not foreseen at the planning stage will be actively looked for and handled in this RA with an aim to allocate funding for at least one novel concept each year. Society will establish a HighEFF communication centre for effective communication of research results and technology innovations from the Centre to legislators and to the general public will be pursued. 

RA and WP leaders involved
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Budget per WP and partner (2016 and 2017)
	WP
	
	Sum
	SER
	SMC
	NTNU SR
	C Nord
	Industry partners

	5.0
	RA management
	814
	814
	0
	
	
	

	5.1
	Innovation, barriers and enablers
	1681
	221
	112
	1089
	260
	

	5.2
	Novel emerging concepts
	115
	0
	115
	0
	
	

	5.3
	Dissemination / communication
	857
	857
	0
	0
	
	

	
	
	
	
	
	
	
	

	Sum RD-budget
	
	3466
	1891
	227
	1089
	260
	

	Own efforts and contributions
	
	1725
	630
	76
	521
	87
	411

	Total budget
	
	5192
	2521
	303
	1610
	346
	411





	[bookmark: _Toc467434892]WP5.1 Innovation, Barriers and Enablers

	Main objective for the following period:
· Contribute in establishing collaborative arenas and relations 
· Develop innovation roadmaps and research plan 
· Conducted feasibility studies   


	Task 5.1.1 Roadmaps (NTNU SR, NORD)  
Roadmaps are typically applied to predict and communicate the most probable future pathway for R&D actions, and thus include timebased charts and multiple layers applicable in different sectors and organisational settings. Innovation roadmaps include dimensions and dynamic linkages of technological, industrial, policy and social developments. The construction of a roadmap is a participatory and iterative process in which roadmapping is used as a communication tool to understand major drivers and barriers for change. Activities for 2016-2017 includes:
· Examining the present regime (drivers and barriers) of each sector
· Defining dimensions of the roadmap 
· Give input to the construction of the roadmap (combining dimensions and time based charts)
· Participate in workshops 
Deliverable D5.1_2017.01

Task 5.1.2 Innovation strategies and management (NTNU SR, NORD)
Innovation strategies has to be developed through close cooperation between scientific researchers, social science researcher and industry to gain assess the main needs for future technology improvements and innovation. Meeting points for discussion and exchange of knowledge and experience is, thus, necessary for achieving goals for 5.1. Especially important is to establish collaboration with RA6 in such a way that industry is involved in the innovation and roadmap development to be started. Research in this task will focus on the collaborative processes in the intersection of research partners/industry partners of HighEFF, with a focus on the expectations of the different partners and the innovation potential in different sectors. Activities for 2016-2017 includes:
· Interviews of research and industrial partners
· Input for establishing collaborative arenas and strategies 
· Participation in collaborative arenas
Deliverable D5.1_2017.02 - 04

Task 5.1.3 Knowledge base on internal and external barriers and enablers (NTNU SR, NORD, SINTEF ER)
Within 2016-2017, the goal is to establish a knowledge base to understand internal and external barriers. In order to do so, the activities of this period includes:  
· Literature review of opportunities and challenges related to managing performance variability at the level of individual companies, between companies and at the cluster level.
· Mapping of relevant industry initiatives in Norway and Europe 
· Mapping of knowledge State-of-the-Art related to barriers and enablers 
· Identify HighEFF industry cases of special interest 
· Site visits and interviews - first cases
Deliverable D5.1_2017.05

Task 5.1.4 Progress plan
Development of progress plan Coordination with RA management
Deliverable D5.1_2017.06

Task 5.1.x
Possible other tasks? (to be discussed)


	Educational activities:
· No activities this period	Comment by Petter Nekså: PhD5.1.1 by PMS is planned to start 2017 according to plan of NTNU TG

	Industry involvement 
Industry partners will be involved through participation and establishing of the Exploitation and Innovation Advisory Committee (EIAC).
Workshops will be held to discuss SOTA on enablers and barriers for innovation. 




	[bookmark: _Toc467434893]WP5.2 Novel Emerging Concepts

	Main objectives for the following period: 
Establish the fundamental rules for evaluating and funding the novel emerging /blue-sky concepts and possible spin-offs developed through research activities in the WPs.

	Description of work
Through meetings within RA5 and internal discussions in CMT, the fundamental rules for how this work package will carry out the work will be established. This includes rule of concept, date and frequency of decisions for new spin-offs and blue sky, in addition to financial aspects.

Task 5.2.1 Evaluation procedure for spin-offs and novel emerging concepts (SINTEF MC, SINTEF ER, ++)

Deliverable: D5.2_2017.01 

Task 5.2.x
Possible other tasks? (to be discussed)

	Educational activities: 
Not applicable for this WP

	Industry involvement:
all




	[bookmark: _Toc467434894]WP5.3 Dissemination & Communication

	Main objectives for the following period: 
· To ensure internal and external communication of the Centre through establishment of HighEFF eRoom and Web site.

	Description of work
Task 5.3.1 Dissemination and Communication Plan (SINTEF ER)
A draft dissemination plan for the first four year of the Centre will be developed, in close cooperation with the Centre Management Team (CMT) and the Coordinator. The result will be a working document outlining the communication strategy and tools to be used during conferences and meetings. The dissemination Plan will cover the following tasks (T5.3.2-5.3.6). Dissemination standards to be created will be:
· Project logo
· Website layout
· Project Card and Roll-Up layout
· Project presentation slides layout
· E-newsletter layout
· Report and other publications templates
Deliverable D5.3_2017.01

Task 5.3.2 Website (SINTEF ER)
A web site will be established at the beginning of the Centre, including;
· Creation of the website
· Active dissemination of project results
· Active dissemination of centre-related events, news and media
Deliverable D5.3_2016.01

Task 5.3.3 HighEFF branding development (SINTEF ER)
A set of dissemination standards will be developed to ensure that a corporate image is associated to the project and to maximise all partners' involvement in the HighEFF Centre through high level of "brand recognition". This includes in addition to the HighEFF web site, the project logo, project presentation slides layout and templates for documents and other publications.
Deliverable D5.3_2016.02

Task 5.3.4 E-Newsletter and Social Media (SINTEF ER)
A biannual electronic newsletter in English will be produced in order to inform HighEFF partners and other interested parties regarding status of activities, news and achievements. The final responsibility of the newsletter preparation will rest with SINTEF ER but content contribution will be shared among all HighEFF partners. HighEFF blog will be established and news and articles will be published also by this communication Media.
Deliverable D5.1_2016.03
Deliverable D5.1_2016.04
Deliverable D5.1_2017.02

Task 5.3.5 Scientific publications (SINTEF ER)
Report and summing up the Scientific publications achieved in this period.
Deliverable D5.1_2017.03

Task 5.3.6 Popular science (SINTEF ER)
Report and summing up the popular science publications achieved in this period.
Deliverable D5.1_2017.04

Task 5.3.x
Possible other tasks? (to be discussed)







	Deliverable title
	Type
	Deliverable
No
	Diss. level
	Delivery date [year-month]
	Lead
	Cost [kNOK]

	RA5 Society


	WP5.0 
	Management

	Plan for work in 2016-2017
	R
	D5.0_2016.01
	PU
	2016-12
	SER
	

	WP5.1
	Innovation, Barriers and Enablers

	Establish industry/academia meeting points
	M  + O
	D5.1_2017.01a+b
	PU
	2017-08
	NTNU SR
Nord
	

	Innovation Roadmap definition

	M
	D5.1_2017.02
	PU
	2017-05
	NTNU SR
Nord
	

	Memo/short report on HighEFF partners’ expectations for innovation

	M
	D5.1_2017.03
	PU
	2017-09
	NTNU SR
Nord
	

	Memo/short report innovation potential assessment
	M
	D5.1_2017.04
	PU
	2017-11
	NTNU SR
Nord
	

	SOTA - barriers and enablers for selected industry sectors
	M
	D5.1_2017.05
	PU
	2017-12
	NTNU SR
SER
	

	Development of progress plan Coordination with RA management
	M
	D5.1_2017.06
	PU
	2017-02
	NTNU SR
SER
	

	
	
	
	
	
	
	

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP5.2
	Novel emerging concepts

	Evaluation procedure for spin-offs and novel emerging concepts
	M
	D5.2_2017.01
	RE
	2017-04
	SMC
	

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP5.3
	Dissemination and communication

	Prepare the dissemination and communication plan for the first 4 year. First draft
	R
	D5.3_2017.01
	PU
	2017-04
	SER
	

	Project website
	R + O
	D5.3_2016.01
	PU
	2016-12
	SER
	

	Dissemination standards and design: project logo, templates, web design available
	M
	D5.3_2016.02
	PU
	2016-12
	SER
	

	Set up a HighEFF Blog
	O
	D5.3_2016.03
	PU
	2016-12
	SER
	

	E-Newsletter #1
	O
	D5.3_2016.04
	PU
	2016-12
	SER
	

	E-Newsletter #2
	O
	D5.3_2017.02
	PU
	2017-06
	SER
	

	Summary of scientific publications
	M
	D5.3_2017.03
	PU
	2017-12
	SER
	

	Summary of popular scientific publications
	M
	D5.3_2017.04
	PU
	2017-12
	SER
	

	
	
	
	
	
	
	

	Other deliverables? (to be discussed)
	
	
	
	
	
	






[bookmark: _Toc467434895]RA6 Case Studies
Summary of long term objectives
The objective of FME HighEFF is to promote and accelerate the uptake of energy efficient solutions, hence contribute to reduced GHG emissions from industry. In order to accelerate the research and implementation of energy efficient solutions Case Studies will be performed to obtain measurable results from the implementation of HighEFF technologies in the different industry sectors. The overall goals for the case studies are to:
· Develop technology concepts that can lead to a 20-30% reduction in specific energy use and minimum 10% in CO2 emissions for each case through implementing technologies and solutions 
· Improve energy effectivity & energy efficiency in industrial plants
· Promote HighEFF innovations through spurring development of novel concepts for power production cycles and heat pumping technologies as well as novel business methods for collaboration between industrial plants 

In addition there are specific goals for each Sector:
· Metals & Materials: Reduce specific energy consumption per kg of product produced
· Oil & Gas: Reduce weight and therefore cost of offshore energy efficiency technologies by up to 50%
· Food, Chemical: Reduce specific energy use per kg of product
· Industry Clusters: Reducing emissions by spurring increased industrial symbiosis and utilizing excess heat 

RA 6 will be responsible for organizing most of the workshops facilitating direct contact with industry partners in HighEFF. This is in order to keep track of the industry's needs and promote innovation, and define relevant case studies and some of the focus areas for work in the other RAs. In parallel RA6 will receive input from RAs 2,3 and 4 if there are new technology concepts derived during research that should be implemented in Case Studies.

Possible areas for spin-off application:
The case studies that show promising results could be relevant for applications or spin off projects, most likely towards national calls for IPN or DEMO to RCN or international calls within EU for H2020. Possible spin-off in 2017:
· H2020 Spin-off on Industrial Symbiosis 


RA and WP leaders involved
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Budget per WP and partner (2016 and 2017)
	WP
	
	Sum
	SER
	SMC
	SFA
	NTNU SR
	Tel-Tek
	C Nord
	Industry partners

	6.0
	RA mgmt
	936
	936
	0
	0
	0
	0
	
	

	6.1
	Metal & material
	960
	258
	675
	0
	27
	0
	
	

	6.2
	Oil, gas, energy
	936
	861
	51
	0
	24
	0
	
	

	6.3
	Food and chemical
	1095
	774
	60
	233
	28
	0
	
	

	6.4
	Industry Clusters
	1011
	215
	338
	119
	27
	117
	195
	

	
	
	
	
	
	
	
	
	
	

	Sum RD-budget
	
	4937
	3043
	1124
	352
	106
	117
	195
	

	Own efforts and contributions
	
	2843
	1014
	375
	117
	73
	39
	65
	1159

	Total budget
	
	7780
	4058
	1498
	469
	179
	156
	261
	1159





	[bookmark: _Toc467434896]WP6.0 Case Study Methodology and Tools

	Main objectives for the following period:
· Identify the cases that will be started in 2017-2019. These cases studies must have focus on energy-intensive processes and technologies that have potential for 10% CO2 reduction.
· Develop a common methodology for the case studies in HighEFF
· Determine criteria and routines for data collection and reporting


	Description of work:

A joint methodology for the case studies will be developed and will include a common methodology for selecting case studies, collecting of data from industry partners/sites, modelling of process concepts, and techno-economic and societal impact analysis. Case studies related to existing (brown field) and new builds (green field) will be investigated.

RA1 will define the KPIs for evaluation of the case results evaluation.  These could include CO2 emissions or energy per tonne of product and weight reduction. Some additional sector special KPIs may be needed. Exergy analyses for different industries will be performed in collaboration with RA 1. 

RA6 will give input to the innovation strategies and roadmaps in RA 5, concepts studied and technologies developed in RAs 2-4. RA6 will receive input from RAs 2-4 when novel technologies are developed that should be implemented in case studies.

Task 6.0.1 Plan and Common Methodology for Case studies (SINTEF ER, SINTEF MC, SINTEF FA, NTNU SR, Tel-Tek, NORD)  

A plan for the case study work will be developed and will include a general overview of which types of cases that will be covered in HighEFF, and a methodology for the case work and internal case study reviews. The internal reviews will be performed annually in each WPs in RA 6 to ensure that the case study is on track to meet the RA6 case study goals and that the case study meets the needs of the relevant industry partners.
Deliverable: D6.0_2017.01

Task 6.0.2 Sector Based and Cross Sectorial Seminars (SINTEF ER, SINTEF MC, NTNU, NTNU SR) 

Industry sector seminars where industry and researchers meet will be arranged biannually (Jan and Apr) to define the case studies and planned research and to ensure industrial relevance and potential for innovation. The seminars will be organized by RA6 WP leaders covering the different sectors. 

In year 2 and 5 at least two cross-sectorial seminars for case studies will be arranged to look at synergies between the different industrial sectors, sharing common technology development needs. These seminars will also have focus on designing case studies that include novel concepts for industrial symbiosis between industries that do not today benefit from such collaboration. 
Deliverable: D6.0_2017.02 
Deliverable: D6.0_2017.03
Deliverable: D6.0_2017.04
Deliverable: D6.0_2017.05


	Educational activities: none

	Industry involvement:
All industry partners will participate in the different sector-based workshops.



	[bookmark: _Toc467434897]WP6.1 Metal, Materials

	Main objectives for the following period: 
Initial studies of two industry cases relevant for the metal and material sector with possibilities for a 20-30% reduction in specific energy use and 10% in CO2 emissions ; (i) Smart utilization of CO gas in industry clusters and (ii) greenfield industrial cluster possibly with utilisation of natural gas heat production 

	Description of work:
The work in WP 6.1 will be performed in close cooperation with WP 6.4 Industry clusters. The selection of cases for the metal and material sector will be based on the industry's need for new technology development as well as research based innovations. Results generated in other RAs, and especially RA 3-4, will form the basis for choice of technologies investigated in the WP 6.1 cases. WP 6.1 will also be based on results from earlier research projects. 

WP 6.1 will in this period include:
· an industry day/workshop for planning the case studies for the metal industry
· initial studies of the possibility for utilisation of warm off-gas consisting of CO/CO2 from Mn-alloy production (Case 1)
· initial studies of a greenfield plant based on industrial cluster possibly with utilisation of natural gas (Case 2)

Task 6.1.1 Industry-day/workshop 2016/2017 (SINTEF MC, SINTEF ER, NTNU SR, NORD)
An industry workshop/day for planning case studies for the metal industry and within clustering will be arranged during February of 2017. Participants from industry and all RAs will be invited to participate. The focus will be to discuss which case studies will be run in RA6.1, when they should be run, their R&D content and the involved industries and their contribution. The case studies proposed to start in 2017 will be discussed in detail.  Ideas and possible concepts for further case studies will be presented by industry and R&D partners and discussed. WP 6.1 will write its part of deliverable 6.0_2017.1 methodology and plan for case studies to be delivered in 2017. This will be based partly on outcome of workshop.
Deliverable: D6.1_2017.01
Deliverable: D6.1_2017.02

Task 6.1.2  Smart utilisation of CO gas in industry clusters and for stand-alone plant (SINTEF MC, SINTEF ER, NTNU SR, NORD)
The possibility for utilisation of warm off-gas consisting of CO/CO2 from Mn-alloy production at Eramet and Glencore will be evaluated. Both the possibilities for use as reductant, as a raw material for chemicals and for combustion and energy production will be investigated. Glencore is situated in a cluster in Mo Industrial park with an infrastructure for gas handling and other metal producing industries in the park which also includes Fesil. The potential for utilisation here will be compared with the case for the stand alone Mn-alloy producer at Eramet Sauda. Characterisation and mapping of the produced gas and its variation at the actual sites is proposed to be done partly by a student summer job, project and MSc. The involved industries will be asked to employ students for summer jobs as their in-kind. The students will continue with project work and MSc. A techno-economical evaluation will be run by NORD. 
Deliverable: D6.1_2017.03
Deliverable: D6.1_2017.04

Task 6.1.3 Greenfield industrial cluster with utilisation of natural gas (SINTEF MC, SINTEF ER, NTNU SR, NORD) 
A Greenfield plant based on industrial cluster possibly with utilisation of natural gas will be proposed to be one of the cases evaluated partly by WP6.4 and partly by WP 6.1 and in in cooperation with WP 6.2. The possibilities for such a case and how to go forward with it will be discussed as part of WP planning. No other work or deliverables are planned in 2016-2017. 
Deliverable: D6.1_2017.05


	Educational activities: 
3 MSc students will be assigned (Project and Master Thesis)

	Industry involvement: 
Industry partners in metal production and clustering



	[bookmark: _Toc467434898]WP6.2 Oil, Gas & Energy

	Main objectives for the following period: 
Study one industry case relevant for the oil and gas sector; Waste heat upgrading and heat production for future platforms (green field) that will be electrified, aiming at developing a technology concept that can lead to a 20-30% reduction in specific energy use.

	Cooperation with other WPs: 
The case studies will be performed in close collaboration with (RAs 1, 2, 3 & 4; WPs  2.1, 3.3, 4.2, 4.3, 5.1, 5.2, 6.1& 6.4) 

	Description of work
This Sector includes two subsectors. The first is the Oil & gas industry with industry partners Statoil, Lundin, Wintershall & Gassco and vendors such as Alfa Laval, Parat Halvorsen, Othecos and others.

The HighEFF case studies for this sector will enable new technology development by focus on the stringent offshore specific requirements. The novel processes and equipment should be cutting-edge, highly efficient technologies where weight and volume are minimized, while allowing flexible layout, robust operation, reliability and low maintenance requirements. Working fluids will be evaluated with respect to safety which is especially important in the confined space offshore, and should be associated with minimum environmental impact. 

The second part of the sector is Energy companies (Mo Fjernvarme, Hydro Energi): The HighEFF case studies for this sector could be focused on advanced heat pumping systems, new concepts for local low-temperature thermal grids, and improved utilization of industrial waste heat enabling DH providers to supply CO2-neutral heating and cooling. 

Task 6.2.1 Case Study Plans and Seminars (SINTEF ER, SINTEF MC, NTNU, NTNU SR, NORD)
An initial sector based workshop will be arranged in order for the HighEFF partners to discuss which technologies can give the biggest impact in CO2 emission reduction.The cases will be representative for different platform environments, i.e. newer installations, brown field installations as well as future greenfield installations also including floating installations and land based LNG processing plants. The boundaries of the HighEFF Case studies should be set around the most energy efficient processes. The first workshop will be held during Q1 2017. After the workshop and identifying options for case studies, an energy/exergy analysis will be performed in collaboration with RA 1 for the candidate cases to assess the impact of different case studies before making the final selections of cases and writing the plan for case studies.
The case study proposed to start in 2017 will be discussed in detail. Ideas and possible concepts for further case studies will be presented by industry and R&D partners and discussed. Based on results obtained in RA2, RA3 and R4 Applications and results from cases in 2017, these will be prioritised and next cases for study decided at a similar industry workshop held early 2019. 
Deliverable: D6.2_2017.01
Deliverable: D6.2_2017.02

Task 6.2.2 Newer platforms & Greenfield Solutions (SINTEF ER, SINTEF MC, NTNU SR)
The expectations for the green field case studies are mainly on the process and component design and how to apply new technology offshore. The starting point will cover a wide range of technologies. The technologies will be evaluated by weight per MW extra power produced, and potential for improvement with further development. Other performance factors will be capacity and efficiency as well as safety aspects.

Case: Efficient Heat Production on Electrified Platform (discussed with end user)
A case study regarding Efficient Heat Production on Electrified Platform will be started in January 2017. It will develop methodologies to optimize the heat production of an electrified platform. Design data for a newer platform that is to be electrified will be studied. Electrified platforms do not have heat available from gas turbine exhaust like conventional offshore platforms and FPSO's. In one particular design, three gas fired boilers are therefore providing 30MW of heat for oil and gas processing. These are to be replaced in a novel design with electric boilers. In addition there are 4 Gas compressors installed on-board for pressurizing the produced gas for export. These are cooled in a process that gives off 7-8 MW heat per cooler, so a lot of waste heat is expelled.  The heat demands for oil and gas processing is to heat crude to 70 ºC and TEG to 165 ºC. The most energy efficient solutions for meeting this heat demand will be investigated as alternatives to electric boilers and will include investigating the possibility of lifting the temperature of the 7-8 MW of excess heat from the compressor train fusing High Temperature Heat pumps. A preliminary report will be provided by end of 2017 the case study will continued in 2018.
Deliverable: D6.2_2017.03
Deliverable: D6.2_2017.04

Task 6.2.3 Existing brownfield platforms (SINTEF ER, SINTEF MC, NTNU SR)
For brown field case studies, the objective is to investigate the potential for increasing energy efficiency primarily by retrofitting, and hence reducing emissions of CO2, as well as increasing power production to meet the increasing power demand of the platform or facility. The brown field cases will also serve as reference cases for the greenfield ones. Brownfield platforms make up nearly all the production on the NCS as there are fewer fields under development than previously, this is due to the reduced O&G prices. These platforms have very little weight available for installing new technology. The gas turbine is by far the most significant source of waste heat and should be made into combined cycles like they are in land-based power production. 

Case studies can be envisioned that aim to install combined cycle on more platforms by further reduce weight of combined cycle offshore beyond 50% as well as increasing reliability. The goal of such case studies are to help make Combined Cycle (CC) lightweight enough to become the standard for offshore power production in the future as it is for onshore industry today and thereby reduce CO2 emissions from the offshore platforms by 20-25%/yr. Excess heat from the gas compressor after-cooling/intercooling & well stream energy can be other sources of energy that can be used for offshore power production.

Other options for case studies can be on improving energy efficiency of LNG or even hydrogen plants. If LNG becomes cheaper it will be beneficial for the industry to use natural gas as an energy source. The final cases are to be defined in collaboration with the user partners. 
No cases or deliverables are planned for this task in 2016/2017, but in later years of the duration of HighEFF.

Task 6.2.4 Energy Supply Cases
Requirements of district heating (DH) customers will change in the future due to new building standards. Advanced heat pumping systems, new concepts for local low-temperature thermal grids and improved utilization of industrial waste heat developed in HighEFF will enable DH providers to supply CO2-neutral heating and cooling. 

Industry cases within this sector will not be performed in period, but in later years of the duration of HighEFF.



	[bookmark: _Toc467434899]WP6.3 Food, Chemical

	Main objectives for the following period: 
Initial studies of several industry cases relevant for the food sector; (i) novel concepts for heat upgrading in food processing; (ii) improved energy efficiency in food industry by reduced waste,  with the aim of developing technology concepts that can lead to a 20-30% reduction in specific energy use and 10% in CO2 emissions. 


	Description of work:
The work in WP 6.3 will focus on possibilities for reductions in specific energy use in the food processing industry, hence reducing the environmental impact of the products. Improving processes will also reduce food waste, which gives an indirect reduction in specific energy use will be focused. RAs 1, 2, 3 & 4; 6.3, and 6.4 will give important information to the industry cases for the food industry.

Energy intensity due to the need of heat treatment of materials and chemical processing equipment will be a focus for industry cases for the chemical industry involved in this sector. Heat recovery and integration as well as improved optimization of processing equipment is needed and has the potential of reducing energy consumption up to about 20%. RAs 1, 2, 3 & 4; WPs 4.2, 5.1, 5.2, 6.3, and 6.4 will give important information to the industry cases for the chemical industry.

WP 6.3 will in this period include: 
1. evaluation of integrated energy concepts in chicken slaughterhouse and in – initial study (Case 4)
2. evaluation of integrated energy concepts in food distribution centre –initial study (Case 5)
3. initial study on hot-water production and upgrade of low-pressure steam in dairy industry (Case 6)
4. initial study of energy efficiency in aquaculture – to be further specified (Case 7)
5. initial study on high temperature heat pumps with high efficiency in feed industry (Case 8) 

WP 6.3 will in general be performed in collaboration with WP3.3 Heating, Cooling and Drying

Task 6.3.1 Case Study Plans and Seminar (SINTEF ER, SINTEF MC, SINTEF FA, NTNU SR, food and chemical related industry partners)  
An industry workshop/day for the food and chemical industry will be arranged in March of 2017. The focus will be on the industrial expectations, needed R&D, the relevant processes and production facilities/sites for HighEFF. Each industry partner shall present individually, followed by an open discussion. 

Plan for Case studies
The outcome of the workshop will be summarized in a memo, as well as form input to the plan and methodology for the Case Studies. This evaluation of concepts, technologies, key performance parameters and boundary conditions will Feed in to Task 6.01.
An evaluation of the various concepts and technologies in HighEFF will be made yearly considering maturity of the technology (readiness level), possible impact (energy and environment), and economic viability (risk, investment, potential savings for the first and later implementations, economies of scale if the technology can be mass produced...). LCA, LCC and the tools from RA1 and the mapping in WP 5.1 will be used for the evaluation. Once a year, the concept that appear to be most promising in these terms will be funded, and eventually further projects (IPN or DEMO) will be applied to bring the concept closer to commercialization.
Deliverable: D6.3_2017.01
Deliverable: D6.3_2017.02

Task 6.3.2 Initial case studies Food (SINTEF ER, SINTEF MC, SINTEF FA, NTNU SR)
Initial case studies will in this period be performed in order to map the current energy flows in and out of different processes. Ideally, this will be performed for different production sites and for several processes, so that a complete energy and exergy flow chart is achieved. The involved industry partners will be assisting this activity and be responsible for the data collection. If necessary (and possible) master students or summer-job students can assist. The most promising processes/cases will be identified with respect to the main objective of HighEFF. 

The following sectors will be investigated (initial studies): 
1. Chicken Slaughterhouse (REMA1000): evaluation of integrated energy concepts
2. Food distribution centre (REMA1000): evaluation of integrated energy concepts
3. Dairy industry (TINE): preliminary discussion concluded to focus on the application of hot-water production and energetic upgrade of low-pressure steam. 
4. Aquaculture (Marine Harvest): not further specified 
5. Food/Feed (Triple9/Vedde): Focus will be on the implementation of high temperature heat pumps with high efficiency in order to compensate for the energy-price-factor between coal and renewable energy. This sub-task will evaluate how to supply the energy demand of the cooking process by high-temperature heat pumps. Hybrid Energy will be involved here. 

Further food case studies are planned for 2018 with Orkla. In addition case studies will be planned for start in 2018 in the areas of chemical processing (Borregaard).
 
Each sector will analyse the energy/exergy flow at the current production (to be selected) and evaluate how to implement renewable energy sources. Promising solutions will be discussed and evaluated further with the production site. RA6 will work with RA1 in performing the energy/exergy analysis for the case studies.
Deliverable: D6.3_2017.03
Deliverable: D6.3_2017.04





	[bookmark: _Toc467434900]WP6.4 Industry clusters

	Main objectives for the following period: 
Study two cases relevant for the industry clusters; (i) Smart utilisation of CO gas in industry cluster and for stand-alone plant, and (ii) absorption cooling for data storage/server centres, aiming to develop a technology concept that can lead to a 20-30% reduction in specific energy use and 10% in CO2 emissions.


	Cooperation with other WPs: 
The work in RA 6.4 will especially in the first years be performed in close cooperation with and integrated with the work in RA 6.1 Metals - Materials for some of the cases.  Distribution of budget between this two WP will be revised during more detailed planning in Q1-2017.
Results generated in other RAs, and especially RA 4 will form the basis for choice of most of the cases that are further investigated in RA 6.4, to a large extent by the industry itself. When the results from other RAs are ready for investigation as a case study, this will be planned in a common meeting between the different involved RAs and industry partners. RA 4 is expected to need minimum 2 years to generate the first results ready to be taken further in a case study. RA 6.1 and 6.4 will thus, based on results from earlier projects, start with cases proposed below. 
KPI proposed by RA 1, especially WP1.1   will be needed to evaluate results from case studies.

	Description of work
Task descriptions are partly based directly on those given earlier in RA6.1

Task 6.4.1 Case Study Plans and Seminar (SINTEF MC, SINTEF ER, NTNU, NORD)
An industry workshop/day for planning case studies for the metal industry and within clustering will be arranged in the beginning of 2017. The focus will be on deciding case studies to be run in RA6.1 and to some extent, RA6.4, when they should be run, their R&D content and the involved industries and their contribution. The case studies proposed to start in 2017 will be discussed in detail. Ideas and possible concepts for further case studies will be presented by industry and R&D partners and discussed. Based on results obtained in RA 4 Applications and results from cases in 2017, these will be prioritised and next cases for study decided at a similar industry workshop held early 2018.
Deliverable: D6.4_2017.01
Deliverable: D6.4_2017.02

Task 6.4.2  Smart utilisation of CO gas in industry cluster and for stand-alone plant (SINTEF MC, SINTEF ER, NTNU SR, NORD, Glencore-Mn, Eramet, FeSil, Mo Industry Park)  Discussions started with some of the partners 
The possibility for utilisation of warm off-gas consisting of CO/CO2 from Mn-alloy production at Eramet and Glencore will be evaluated. Both the possibilities for use as reductant, as a raw material for chemicals and for combustion and energy production will be investigated. Glencore is situated in a cluster in Mo Industrial park with an infra structure for gas handling and other metal producing industries in the park. Glencore is thus an example of an autonomous industrial plant integrated in an industrial symbiosis, and will if treated right, provide valuable information for cluster modelling and testing of model concepts.

The potential for utilisation here will be compared with the case for the stand alone Mn-alloy producer at Eramet Sauda, and possible alternative uses of the gas can be investigated with basis in the “Glencore Model”. Characterisation and mapping of the produced gas and its variation at the actual sites is proposed to be done partly by a student summer job, project and MSc. The involved industries will be asked to employ students for summer jobs as their in-kind. The students will continue with project work and MSc. A techno-economical evaluation will be run by NORD. 

This case is the same as Case 1 in WP 6.1.
Deliverable: D6.4_2017.03
Deliverable: D6.4_2017.04

Task 6.4.3 Absorption cooling for data storage/server centres (SINTEF ER; SINTEF MC, NTNU, MIP, Bulk) Not discussed with partners(Start 2017 but main effort 2018)
It is assumed that the experience from task 6.4.2 can relatively easy be extended to investigate utilization of heat from metal production in Mo Industripark (MIP) to produce cooling for a data storage centre also located in MIP. Development of innovative cooling solutions for data centre in Bulk industrial group is another alternative for subsequent investigation. Input from WP4.3 Industry clusters and Technology Integration and WP3.3 Energy storage will be essential. 

The potential for heat and energy recovery, storage and use as a potential heat source to provide the energy needed to drive the cooling process in an absorption refrigerator to produce cooling for a data storage centre in MIP and for data centre in Bulk industrial group will be evaluated (Case 10). A small effort will be made on the "Bulk" case in 2017 to start looking at initial concepts while the main work will be planned for 2018.

The involved industries will be encouraged to employ students for summer jobs as their in-kind, work that will be continued in their project work and MSc.
Deliverable: D6.4_2017.05

Task 6.4.4 Greenfield industrial cluster with utilisation of natural gas Not discussed with partners
A project for a Greenfield plan based on industrial cluster possibly with utilisation of natural gas will be proposed to be one of the cases evaluated partly by WP6.4 and partly by WP 6.1 and in in cooperation with WP 6.2.  The possibilities for such a case and how to go forward with it will be discussed as part of WP planning. This case is the same as Case 2 in WP 6.1.

No budget or deliverables are planned in 2016-2017.

































Deliverables
	Deliverable title
	Type
	Deliverable No
	Diss. level
	Delivery date [year-month]
	Lead
	Cost [kNOK]

	RA6 Case Studies


	WP6.0 
	Methodology for case studies incl. KPI and framework conditions

	Plan & methodology for case studies incl. KPI and framework conditions
	R
	D6.0_2017.01
	PU 
	2017-07
	SER
	150

	Case study review report
	M
	D6.0_2017.02
	PU
	2017-12
	SER
	50

	Pop science publication- joint with industry focus on local population
	PT
	D6.0_2017.03
	PU
	2017-12
	SER
	50

	Conference paper – first draft
	CP
	D6.0_2017.04
	PU
	2017-12
	SER
	100

	
	
	
	
	
	
	350

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP6.1
	Metal, Material

	Sub-plan for methodology and KPI/framework conditions (D6.0_2017_1)
	M
	D6.1_2017.01
	PU
	2017-06
	SMC
	150

	Metals /Materials Sector Workshop Summary
	M
	D6.1_2017.02
	PU
	2017-04
	SMC

	75

	Case study:  Utilization of CO gas in industrial  Cluster -First draft
	M
	D6.1_2017.03
	PU
	2017-12
	SMC
SER
NTNU-SR
	347
221
32


	Student work - Utilization of CO gas in industrial  Cluster
	MSc
	D6.1_2017.04
	PU
	2017-12
	SMC

	50

	Blue sky ideas-  Metals/Materials Sector
	M
	D6.1_2017.05
	R
	2017-12
	SMC
SER
	40
30

	
	
	
	
	
	
	945

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP6.2
	Oil &Gas

	Sub-plan for methodology and KPI/framework conditions (D6.0_2017_1)
	M
	D6.2_2017.01
	PU
	2017-06
	SER
	150

	Oil & Gas Sector Workshop Summary
	M
	D6.2_2017.02
	PU
	2017-03
	SER
	75

	Case study: Heat Production at Electrified Platform-First draft
	M
	D6.2_2017.03
	PU
	2017-12
	SER
SMC
NTNU
NTNU-SR
	588
50
157
29


	Student work – Heat production on electrified platform
	MSc
	D6.2_2017.04
	PU
	2017-12
	SER
	25



	
	
	
	
	
	
	1074

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP6.3
	Food, Chemical

	Sub-plan for methodology and KPI/framework conditions (D6.0_2017_1)
	M
	D6.3_2017.01
	PU
	2017-06
	SER
SFA
	125
25

	Food/Chemical Sector Workshop Summary
	M
	D6.3_2017.02
	PU
	2017-05
	SER
	75

	Case study report Food Sector-First draft
	M
	D6.3_2017.03
	PU
	2017-12
	SER
SFA
SMC
NTNU-SR
	503
208
58
34

	Student work – Food Sector
	MSc
	D6.3_2017.04
	PU
	2017-12
	SER
	50

	
	
	
	
	
	
	1078

	Other deliverables? (to be discussed)
	
	
	
	
	
	

	WP6.4
	Industry Clusters

	Sub-plan for methodology and KPI/framework conditions (D6.0_2017_1)
	M
	D6.4_2017.01
	PU
	2017-06
	SMC
NORD
	100
50

	Industry Clusters Workshop Summary
	M
	D6.4_2017.02
	PU
	2017-06
	SMC
	50

	Case study report - Utilisation of CO gas in industry cluster -First draft
	M
	D6.4_2017.03
	PU
	2017-12
	SMC
SER
SFA
NTNU-SR
TelTek
NORD
	127
109
119

       32
176
145

	Student work , 3 Msc-Utilization of CO gas in industry cluster
	MSc
	D6.4_2017.04
	PU
	2017-12
	SMC
	0

	Case study report- Absorption cooling for data storage/server Centres -First draft
	M
	D6.4_2017.05
	PU
	2017-12
	SER
SMC
	100
54

	
	
	
	
	
	
	

	
	
	
	
	
	
	1062

	Other deliverables? (to be discussed)
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 Research Area and Work Package overview
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	RA and WP leaders
	 

	RA/WP
	RA/WP title
	RA/WP leader
	Institute

	RA0
	Organization, management and centre building                                                              
	Anne Karin Hemmingsen
	SINTEF ER

	WP0.1
	Management
	Line Rydså
	SINTEF ER

	RA1
	Methodologies 
	Egil Skybakmoen
	SINTEF MC

	WP1.1
	KPI's, energy & exergy analyses
	Olaf T. Berglihn
	SINTEF MC

	WP1.2
	Process systems engineering
	Sigurd Skogestad
	NTNU

	WP1.3
	Future processes
	Asbjørn Solheim
	SINTEF MC

	RA2
	Components
	Armin Hafner
	NTNU

	WP2.1
	Heat exchangers
	Geir Skaugen
	SINTEF ER

	WP2.2
	Work recovery & compressors
	Krzysztof Banasiak
	SINTEF ER

	WP2.3
	Natural working fluids
	Trygve M. Eikevik
	NTNU

	RA3
	Cycles
	Trond Andresen
	SINTEF ER

	WP3.1
	Energy-to-power conversion
	Trond Andresen
	SINTEF ER

	WP3.2
	HTHP, cooling, and drying
	Michael Bantle
	SINTEF ER

	WP3.3
	Energy storage
	Hanne Kauko
	SINTEF ER

	RA4
	Applications
	Aud Wærnes
	SINTEF MC

	WP4.1
	Process improvement
	Bernd Wittgens
	SINTEF MC

	WP4.2
	Surplus heat recovery
	Trond Andresen
	SINTEF ER

	WP4.3
	Industry clusters and technology integration
	Leiv Kolbeinsen
	NTNU

	RA5
	Society
	Ingrid Camilla Claussen
	SINTEF ER

	WP5.1
	Innovation, barriers and enablers
	Jens Røyrvik
	NTNU SR

	WP5.2
	Novel emerging concepts
	Arne Petter Ratvik
	SINTEF MC

	WP5.3
	Dissemination and communication
	Ingrid Camilla Claussen
	SINTEF ER

	RA6
	Cases
	Marit Mazzetti
	SINTEF ER

	WP6.1
	Metal, Material
	Eli Ringdalen
	SINTEF MC

	WP6.2
	Oil, Gas, Energy
	Marit Mazzetti
	SINTEF ER

	WP6.3
	Food, Chemical
	Michael Bantle
	SINTEF ER

	WP6.4
	Industry Clusters
	Leiv Kolbeinsen
	NTNU


 Partner short names

List of partners in HighEFF together with their respective short names
	Partner name
	Short name
	Partner type/sector

	SINTEF Energi
	SINTEF ER (SER*)
	Research

	Norges Teknisk Naturvitenskapelige Universitet 
	NTNU
	Research

	Stiftelsen SINTEF, represented by its institute Materials and chemistry 
	SINTEF MC (SMC*)
	Research

	Stiftelsen TEL-TEK
	TEL-TEK
	Research

	NTNU Samfunnsforskning
	NTNU SR
	Research

	Nord Universitet, representert av senter for industriell forretningsutvikling
	NORD
	Research

	SINTEF Fiskeri og havbruk
	SINTEF FA (SFA*)
	Research

	Kungliga Tekniska Högskolan
	KTH
	Research

	Massachusets Institute of Technology
	MIT
	Research

	Carnegie Mellon University
	CMU
	Research

	University of Manchester
	UOM
	Research

	Shanghai Jiao Tong University
	SHANGHAI
	Research

	Austrian Institute of Technology
	AIT
	Research

	Doshisha University
	DOSHISHA
	Research

	Statoil Petroleum
	STATOIL
	Oil, Gas & Energy

	Hydro Aluminium
	HYDRO
	Metal & Materials

	Rema Franchise Norge
	REMA
	Food & Chemicals

	Eramet Norway
	ERAMET
	Metal & Materials

	Alcoa
	ALCOA
	Metal & Materials

	Elkem
	ELKEM
	Metal & Materials

	Mo Industripark 
	MIP
	Industry Parks

	Gassco
	GASSCO
	Oil, Gas & Energy

	Danfoss
	DANFOSS
	Vendors

	Carrier refridgeration Norway
	CARRIER
	Vendors

	Viessmann Refridgeraton Systems
	VIESSMANN
	Vendors

	Orkla
	ORKLA
	Food & Chemicals

	Marine Harvest
	MARINE
	Food & Chemicals

	Glencore Nikkelverk
	GLENCORE NI
	Metal & Materials

	Alfa Laval Nordic
	ALFA
	Vendors

	Tine 
	TINE
	Food & Chemicals

	Epcon
	EPCON
	Vendors

	Bulk Infrastruktur 
	BULK
	Industry Parks

	Glencore Managanese Norway
	GLENCORE MN
	Metal & Materials

	Dorin (Officine Mario Dorin)
	DORIN
	Vendors

	GE Power
	GE
	Vendors

	Parat Halvorsen
	PARAT
	

	Vedde 
	VEDDE
	Food & Chemicals

	Wacker Chemie
	WACKER
	Metal & Materials

	Mayekawa
	MAYEKAWA
	Vendors

	Kuldeteknisk
	KULDETEKNISK
	Vendors

	Fesil Group
	FESIL
	Metal & Materials

	Finnfjord
	FINNFJORD
	Metal & Materials

	Hybrid Energy
	HYBRID
	Vendors

	Cadio
	CADIO
	Vendors

	Borregaard
	BORREGAARD
	Food & Chemicals

	Enova
	ENOVA
	Public partner

	Innovasjon Norge
	IN
	Public partner

	Cronus Technology
	CRONUS
	Vendors

	OTECHOS
	OTECHOS
	

	Aker BP
	AKERBP
	Oil, Gas & Energy



* Only for use in tables where space is limited



 Deliverables – explanation of deliverable numbers and abbreviations

Deliverable types used in this Work plan

	
	Type
	Abbreviation

	Publications
	Journal Paper
	JP

	
	Conference Paper
	CP

	
	Presentation (Power Point)
	PR

	
	Report
	R

	
	Poster session
	PS

	
	Pop.Tech., media contribution
	PT

	
	
	

	Project reporting
	Management Report (to the Research Council)
	MR

	
	Memorandum (memo)
	M

	
	
	

	Education
	PhD
	PhD

	
	PostDoc
	PD

	
	Master 
	MSc

	
	
	

	Other
	Other
	O

	
	
	




Dissemination level
· PU = Public
· RE = Restricted (to Consortium participants)


Numbering of deliverables

The deliverables are numbered by the following numbering rule:

DX.X_YEAR.ZZa
 

· X.X refers to the WP responsible for the deliverable
· YEAR = refers to the year the deliverable will be delivered
· ZZ = serial counting with increasing numbering , starting at one -01- each calendar year
· a: use this ending when there will be more versions of the same work (ex. one journal paper and one scientific presentation from the same work, use .a and b)

Example
· D1.1_2016.01a
· Deliverable 1 from WP1.1 in 2016. 
· The letter a can mean that this deliverables is a scientific presentation that is held on the topic. A separate deliverable with b at the end might be a journal paper on the same topic.


 In-kind overview

In-kind contribution in 2016-2017 (from Consortium Agreement)
	Partner
	kNOK

	SINTEF Energi AS (Host institution)
	

	Norges Teknisk Naturvitenskapelige Universitet (NTNU)
	

	Stiftelsen SINTEF
	

	Stiftelsen TEL-TEK
	

	NTNU Samfunnsforskning AS
	

	Nord Universitetet
	

	SINTEF Fiskeri og havbruk AS
	

	Kungliga Tekniska Högskolan
	

	Massachusets Institute of Technology
	

	Carnegie Mellon University
	

	University of Manchester
	

	Shanghai Jiao Tong University
	

	Austrian Institute of Technology (AIT) GmbH

	

	Doshisha University
	

	Statoil Petroleum AS
	

	Hydro Aluminium AS
	

	Rema Franchise Norge AS 
	

	Eramet Norway AS
	

	Alcoa
	

	Elkem (AS)
	

	Mo Industripark AS
	

	Gassco (AS)
	

	Danfoss AS
	

	Carrier Refrigeration Norway AS 
	

	Viessmann
	

	Orkla ASA
	

	Marine Harvest ASA
	

	Glencore Nikkelverk AS
	

	Alfa Laval Nordic AS
	

	TINE SA
	

	Epcon AS
	

	Bulk Infrastructure AS 
	

	Glencore Manganese Norway AS
	

	Officine Mario Dorin
	

	GE Power AS
	

	Parat Halvorsen
	

	Vedde AS
	

	Wacker Chemie
	

	Mayekawa AS
	

	Kuldeteknisk AS
	

	Fesil Group (AS?)
	

	Finnfjord AS
	

	HybridEnergy AS
	

	Cadio AS
	

	Borregaard AS 
	

	Cronus Technology
	

	OTECHOS
	

	Aker BP ASA
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RA1 Lead
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WP1.2 Process systems engineering

Sigurd Skogestad (NTNU)
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WP2.2 Work Recovery and compressors

Krzysztof Banasiak (SINTEF ER)
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WP2.3 Natural working fluids & mixtures

Trygve M. Eikevik (NTNU)
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RA3 Lead

Trond Andresen (SINTEF ER)
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WP3.2 HTHP, Cooling and Drying

Michael Bantle (SINTEF ER)

WP3.1 Heat to power conversion
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RA6 Lead

Marit Mazzetti (SINTEF ER)


image21.emf
WP6.2 Oil, Gas, Energy

Marit Mazzetti (SINTEF ER)

WP6.1 Metal, Material

Eli Ringdalen (SINTEF MC)


image22.emf
WP6.4 Industry Cluster

Leiv Kolbeinsen (NTNU)

WP6.3 Food, Chemical

Michael Bantle (SINTEF ER)


image23.png
Education

Methodologies
RA1

KPI's, Energy and

Exergy Analyses
wp11

Process Systems
Engineering

WP 1.2
Future processes

wp 13

Case Studies
RAG

Components
RA2

erial
WP6.1

Centre Building

Cycles
RA3

wp

Training of Experts

Applications
RA4

ical
WP6.3

Soci
RA

Innovation,
and Enablel

Novel Eme

Concepts

Dissemina

Communi

i

ety
5

Management





image4.PNG




image5.jpeg




image6.jpeg




image24.jpeg
@® HighEFF




image25.png




image2.png
=/ SUPER




image3.png




