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Leicester Business Festival
• The Region’s Largest Business Event
• LBF has gone global with attendees from 

China, Russia, Ecuador, France & Greece!
• 154 Events right across the City & County
• 12,500+ attendees
• 14M + marketing reach
• Spanning 13 Sectors.



Partners & 
Sponsors



Welcome

Rick Greenough
Professor of Energy Systems – De Montfort 
University



Introduction - 2017

• 2017 continues to be an ‘interesting’ year!
• First subsidy-free solar farm in UK (Bedfordshire)
• Tesla model 3 announced (£1000 deposit)
• Petrol & diesel car bans (Paris, Oxford, Copenhagen)
• Scottish government’s not-for-profit energy company
• US pulls out of Paris climate agreement
• Economic uncertainty (Brexit, interest rates…)

Presenter
Presentation Notes
Zero energy bill homes in CorbyHammerson net positive strategy (as announced by Peter Cooper at opening of LBF) Swansea to build Uk’s first net energy positive commercial building, or was it in Leicester? (Interserve building at Watermead Business Park is first certified Passivhaus Carbon Negative office building in UK) 



Energy Institute 4 Ds

• Decarbonisation
• Decentralisation
• Digitalisation
• Democratisation



Energy behaviour change

• EU Competitiveness and Innovation Programme
• €6.98M

• Saving energy in Europe's public buildings using ICT
• 11 pilot sites in 8 countries
• Developed 11 unique systems

• IESD developed an energy performance dashboard 
for public buildings in Leicester

• Now being commercialised



Smart grid and smart home
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Clean Growth Strategy

• 25% of UK emissions from business & industry 
• Clean growth is at heart of industrial strategy
• Cut emissions by 80% by 2050 (wrt 1990)
• Two objectives:
1. Lowest cost to taxpayers consumers and 

business (see Helm review)
2. Maximise social and economic benefits

32% of total emissions from heat in buildings and industry

Presenter
Presentation Notes
Why should businesses by interested in the work of the low carbon sector?Because of the government’s Industrial Strategy and the part played by clean growth in that strategy.



Electric Vehicles and Charging Strategies



Business Opportunities from Demand Response



Research into Industrial Energy Efficiency

• Resource and Energy Efficient MAnufacturINg
• Energy recovery
• Energy optimisation
• Integrating renewables

• Funded by EU 7th Framework (4 year project)
• Three industry sectors (food, textiles, foundry)
• 16 partners



SCM foundry (Rimini – Italy) BOSSA textile factory (Adana – Turkey)

Gullon biscuit factory (Aguilar de Campo – Spain)



EST Enerji (Battery technology – Turkey)

Solera (Concentrated solar thermal - Germany)

IES <VE> (Building simulation – UK)



Deliverables

• Public deliverables
• Technology roadmap
• Efficiency analysis methodology
• Best practices book
• These and others are on www.reemain.eu

• Other deliverables are for consortium only (NDA)
• Regular meetings at partner sites
• Responsible to EC via a project officer

http://www.reemain.eu


Technology Roadmap

• Wide range of technologies considered
• Renewable energy technologies
• Energy storage technologies
• Waste heat recovery technologies
• Hybrid systems

• Analysed (SWOT) and ranked
• Classified in clusters



Industrial energy in EU28
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EU-28  Industrial energy consumption share, year 2012 
(Eurostat) 
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Final Energy consumption share by sector in EU-28, year 2012 
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Note: Eurostat data for 2014 shows industry at 25.9%, transport at 33.2% and residential at 24.8%
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2014 data shows industry at 25.9%, transport at 33.2% and household energy at 24.8%



Energy systems in industry
(Herrmann & Thiede, 2009)

• Production system
• Process energy and ancillary 

processes
• Technical building services

• Compressed air, gas, coolant etc.
• Building shell

• Air conditioning, dust extraction, 
lighting etc.

Complex interactions!



Modelling in factories
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Building energy simulation
• Based on building physics 
• Continuous solution of differential equations
• Ideal for modelling interactions with the environment
• Can be time consuming to model a whole year 

(computationally intensive)
• Can be used to optimise building design

Manufacturing system simulation
• Based on Monte-Carlo simulation 
• Models transitions between discrete events
• Ideal for modelling queue behaviour and stochastic events
• Can deliver rapid results for a whole year if animation if not 

used
• Can be used to optimise system design



REEMAIN approach to modelling

Presenter
Presentation Notes
Being developed by IES as a follow-on from THERM project.Create 3D model of factory and site, as well as details of process components in IES-VE and Apache HVAC. Note: energy modelling technologies run separately from building model – in a 2-stage workflow.Import metered data automatically or create approximations of data using SCAN tool when metered data are not available. 



Renewable energy options for a foundry

• High temperature processes
• To melt iron needs 1600°C
• Aluminium melts at 660°C

• Use (lots of) PV for an electric furnace?
• Use waste from cupola flue for:

• Space heating in the core shop
• To generate electricity via Organic Rankine

cycle  (ORC) 
• Example: FMGC foundry (France)

• Flue gases exchange heat with air and thermal 
fluid which drives ORC

• 5.6 MW of thermal power available
• Generates  1MW of electric power



Organic Rankine cycle

• Similar principle to steam Rankine cycle
• Heat is used to raise temperature and pressure of working fluid
• Fluid expanded in a turbine to drive a generator

• Use of organic fluid lowers temperatures so can be used to 
generate from waste heat

• Generally much less efficient than steam cycle
• Many different working fluids and configurations of ORC

Presenter
Presentation Notes
ORC pilot plant called ORCHID installed by Enertime at FMGC foundry in France



Components of ORC system

Temperature-entropy diagram for ORC

Presenter
Presentation Notes
Performance of ORC depends significantly on choice of working fluid, use of regenerator (or not), design and performance of condensers (which may be water based cooling towers or air-based dry condensers)



Variability of mass flow and temperature

Available energy from waste heat is highly dependent on manufacturing schedule.

Can be generated synthetically if schedule and dependency are known



Results for air-cooled condenser


		 

		ORC settings

		ORC results



		Simulations

		ORC Type

		ORC Refrigerant

		Heat recovery

		Condensation pressure limit

		Waste heat used in ORC (MWh)

		ORC generated electricity (MWh)

		Thermal oil pump electricity consumption (MWh)

		Dry cooler fan electricity consumption (MWh)

		System seasonal COP



		Test_001

		Air-cooled

		Isopentane

		Yes

		1.1atm

		1974.74

		334.42

		1.28

		0.22

		0.17



		Test_002

		Air-cooled

		R245fa

		Yes

		1.1atm

		1974.74

		257.37

		1.28

		0.25

		0.13



		Test_003

		Air-cooled

		1-Butene

		Yes

		1.1atm

		1974.74

		235.25

		1.28

		0.26

		0.12



		Test_004

		Air-cooled

		n-Pentane

		Yes

		1.1atm

		1974.74

		352.24

		1.28

		0.22

		0.18



		Test_005

		Air-cooled

		Isopentane

		Yes

		No

		1974.74

		334.42

		1.28

		0.22

		0.17



		Test_006

		Air-cooled

		R245fa

		Yes

		No

		1974.74

		257.38

		1.28

		0.25

		0.13



		Test_007

		Air-cooled

		1-Butene

		Yes

		No

		1974.74

		235.26

		1.28

		0.26

		0.12



		Test_008

		Air-cooled

		n-Pentane

		Yes

		No

		1974.74

		352.24

		1.28

		0.22

		0.18



		Test_009

		Air-cooled

		Isopentane

		No

		1.1atm

		1974.74

		281.64

		1.28

		0.14

		0.14



		Test_010

		Air-cooled

		R245fa

		No

		1.1atm

		1974.74

		238.08

		1.28

		0.20

		0.12



		Test_011

		Air-cooled

		1-Butene

		No

		1.1atm

		1974.74

		224.68

		1.28

		0.23

		0.11



		Test_012

		Air-cooled

		n-Pentane

		No

		1.1atm

		1974.74

		297.16

		1.28

		0.14

		0.15



		Test_013

		Air-cooled

		Isopentane

		No

		No

		1974.74

		281.64

		1.28

		0.14

		0.14



		Test_014

		Air-cooled

		R245fa

		No

		No

		1974.74

		238.08

		1.28

		0.20

		0.12



		Test_015

		Air-cooled

		1-Butene

		No

		No

		1974.74

		224.69

		1.28

		0.23

		0.11



		Test_016

		Air-cooled

		n-Pentane

		No

		No

		1974.74

		297.17

		1.28

		0.14

		0.15









Results for water-cooled condenser


		 

		ORC settings

		ORC results



		Simulations

		ORC Type

		ORC Refrigerant

		Heat recovery

		Condensation pressure limit

		Waste heat used in ORC (MWh)

		ORC generated electricity (MWh)

		Thermal oil pump electricity consumption (MWh)

		Coolong tower pump electricity consumption (MWh)

		Coolong tower  fan electricity consumption (MWh)

		System seasonal COP



		Test_017

		Water-cooled

		Isopentane

		Yes

		1.1atm

		1975.15

		370.56

		1.28

		21.25

		0.57

		0.18



		Test_018

		Water-cooled

		R245fa

		Yes

		1.1atm

		1975.15

		294.38

		1.28

		22.29

		0.59

		0.14



		Test_019

		Water-cooled

		1-Butene

		Yes

		1.1atm

		1975.15

		272.74

		1.28

		22.58

		0.60

		0.13



		Test_020

		Water-cooled

		n-Pentane

		Yes

		1.1atm

		1975.15

		384.41

		1.28

		21.06

		0.56

		0.18



		Test_021

		Water-cooled

		Isopentane

		Yes

		No

		1975.15

		370.56

		1.28

		21.25

		0.57

		0.18



		Test_022

		Water-cooled

		R245fa

		Yes

		No

		1975.15

		294.38

		1.28

		22.29

		0.59

		0.14



		Test_023

		Water-cooled

		1-Butene

		Yes

		No

		1975.15

		272.74

		1.28

		22.58

		0.60

		0.13



		Test_024

		Water-cooled

		n-Pentane

		Yes

		No

		1975.15

		387.74

		1.28

		21.02

		0.56

		0.18



		Test_025

		Water-cooled

		Isopentane

		No

		1.1atm

		1975.15

		308.39

		1.28

		22.10

		0.59

		0.14



		Test_026

		Water-cooled

		R245fa

		No

		1.1atm

		1975.15

		269.22

		1.28

		22.63

		0.60

		0.12



		Test_027

		Water-cooled

		1-Butene

		No

		1.1atm

		1975.15

		258.39

		1.28

		22.78

		0.61

		0.12



		Test_028

		Water-cooled

		n-Pentane

		No

		1.1atm

		1975.15

		318.61

		1.28

		21.96

		0.59

		0.15



		Test_029

		Water-cooled

		Isopentane

		No

		No

		1975.15

		308.38

		1.28

		22.10

		0.59

		0.14



		Test_030

		Water-cooled

		R245fa

		No

		No

		1975.15

		269.22

		1.28

		22.63

		0.60

		0.12



		Test_031

		Water-cooled

		1-Butene

		No

		No

		1975.15

		258.38

		1.28

		22.78

		0.61

		0.12



		Test_032

		Water-cooled

		n-Pentane

		No

		No

		1975.15

		323.75

		1.28

		21.89

		0.58

		0.15









Conclusions
• Tentative conclusions based on incomplete year
• Recuperator always has a significant impact on output and CoP
• Water-cooled condenser increases max output by 10%, but not CoP

• At the expense of cost and complexity

• Isopentane or n-pentane are best working fluids of those modelled, in these 
conditions, depending on choice of condenser

• Ignoring condenser lower pressure limit has no effect for air-cooled condenser but 
increases output (though not CoP)  slightly for water-cooled design

• Note this might be unwise because it could allow moisture or air contamination of working fluid

• This version of integrated building modelling and decision support tool allows:
• Analysis of the impact of climate on ORC performance
• Sensitivity analysis of different design parameters

Presenter
Presentation Notes
The reason for the condenser lower pressure limit given in the paper (volatiles condensing out in the evaporator) is wrong.



Efficiency Analysis 
Methodology

• Characterising energy demand from factory
• Electricity demand (power)
• Heat demand (process heat and space heat)
• Cooling demand

• Modelling and analysing energy systems
• Modelling factory and manufacturing systems

• Example: rough-cut energy modelling



Best Practices Book

• 18 best practices summarising project 
findings

• Design
• Operations and maintenance
• Exploitation and dissemination

• All deliverables available at www.reemain.eu

http://www.reemain.eu


Funding Opportunities for Low Carbon Projects



Thank You
• Please provide your feedback and obtain 

copies of this presentation at:

www.leicesterbusinessfestival.com



LBF2018 - It's Back!
So Get Involved Now!

• Host an Event

• Partner or Sponsor
• Promote
• Provide a Venue

• Become a Sector Lead
0116 464 5995
hello@associate-events.com

We need your support! 

mailto:hello@associate-events.com
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