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Our chalenge : Engineering the Efficiency for a Net-Zero future

Citizens 
• Behaviours

• Needs

• Services

• Values

Waste-Water-Energy

Circularity 
Waste to products


CO2 to products

Waste to energy

Sustainability metrics 
Wealth

Economy

Environment

resiliency

(New) Technologies

sizes : conversion and storage


Infrastructure => synergies & mutualisation

CO2 sequestration

Management  
Operation + Storage

Investments

Renewable resources 
Where-When-How much ?

Demand  
Products

Services

Security of supply
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Decision support for system engineering

Decision

Context & Constraints 
Resources 
Product and services

System superstructure

System Boundaries

Performances
• Economic
• Thermodynamic
• Resilience
• Life cycle sustainability impact

Results analysis
•Exergy analysis
•Sustainability assessment
•Sensitivity analysis
•Multi-criteria analysis
•Uncertainty

Technology options

Connectivity

refrigeration

Heat recovery

Hot utility

cooling utility
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13343 kW

DTmin

System integration

Decision variables

Solving method

Configurations generation

Data base

OSMOSE : computer platform for decision support in integrated energy system design

Out=F(In,P)
Models

AGIR : Analyse - Generate - Interpret - Report 
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Domains of applications

2 

Process efficiency Energy and resources Audits Heat recovery and 
energy conversion Operation

Processes

Cogen
Heat pumps
Heat recovery

New technologies
Process Optimisation

Scheduling
Storage management
ResilienceIndustrial processes 

• From audits to implementation

• Symbiosis and circular economy

• Waste-Water-Energy integration

• Renewable energy integration

• CO2 & RES smart operation

Renewable energy Biofuel & Bio-refineriesFuel cell

Sun to fuel
CO2 capture and reuse

Selecting technologies
Configuration
Size
operation

Energy Conversion & Management 
• Fuel cells based processes

• Power to Tanks to Power

• Biorefineries : C-energy + C-products

• CO2 capture, reuse, sequestration

• Energy storage

Energy system design Smart grids/district networks
Smart systems

Energy System
Industrial symbiosis

Urban and regional scales 
• PV - Heat pumps - Cogen

• Smart Energy Districts

• Waste - Water - Energy infrastructure

• District heating & cooling

• Energy System Transformation



Renewable energy hubs 5



Raw materials
Products
Services

Energy and support

Waste

Integrated energy system design decisions

(1)
Type
Size

(2)
Connections

(3)
Operating conditions

▪ Criterias 
▪ Economic 
▪ Sustainable 

development 
▪ Reliability
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1. Day 1: 02/04/2024 : Non linear optimisation problem in integrated energy system design
1. Energy system models
2. Thermo-economic performance indicators
3. Optimisation strategies and problem solving
4. Project : optimising heat exchange recovery in a process using non linear programming techniques

2. Day 2 : 03/04/2024 : Process and energy system integration
1. Efficiency and heat recovery by process integration techniques
2. Combined heat and water integration
3. Integrating energy conversion in industrial processes
4. Project : Combined heat and water integration in a process using linear programming techniques

3. Day 3 : 04/04/2024 : Environmental impact assessment (will be given on line)
1. Life Cycle Environmental impact assessment methodology for energy systems
2. Environmental impact assessment performance indicators for decision making
3. Project : Process options cost and environmental impact assessment using life cycle assessment 

techniques
4. Day 4 : 05/04/2024 : Renewable energy and large scale systems integration and decision support

1. Multi-period problems formulation
2. Integrating storage in process and energy systems
3. Multi-criteria decision support and uncertainty
4. Project : Integrating a process in a urban system and integrating renewable energy

Planning
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An investor wants to integrate a syrop production facility next to a city. In the cider 
production facility there is an existing bottling process which makes use of recycled 
glass bottles 
The investor would like to investigate the following questions: 

– How to mitigate the CO2 emissions and the energy and water usage related to the 
process? 

– Is there a possibility of using renewable energy sources ? 
– Are there possibilities of industrial symbiosis e.g. use of waste biomass, sharing 

the waste water treatment plant with the village or by developing a district 
heating? 

– Is it better to recycle the glass bottles (case A) or should he consider investing in a 
PET bottle production facility from polyethylene pellets (case B)? 

– Any possibility on-site production of the CO2 used in the factory

Case study
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The process

Day 1. Heat recovery and �Tmin optimization

The bottling process of the cider plant should be optimized in terms of energy e�ciency.
Therefore your help is required for designing a heat recovery network and optimizing the min-
imum approach temperature �Tmin in the heat exchangers. In Figure 2 the existing process is
displayed. Use the information found in Figure 2 and Table 1 to solve the optimization problem.
The two target temperatures are a process requirement. The temperature after bottle filling is
bound to be above 70°C. Additionally, the inlet temperature of the bottles cannot be altered.
Questions 1-7 provide guidance to solve the exercise.

Figure 2: Bottling process.

Q1. Open the .mod file and try to run it. Then add the variables, constraints and parameters
needed to optimize the heat exchanger network.

Q2. Derive the mass flow rate of bottles entering the bottling process.
Q3. What is the boiler consumption of the current case and the optimized case?
Q4. What is the spray cooling (1 and 2) consumption in current case and in the optimized

case?
Q5. What is the load of the refrigeration cycle in both cases?
Q6. What are the cost savings of the optimized case?
Q7. What is the waste heat coming from the boiler? How much heat could be recovered for

integration with an urban district? Assume that the exhaust gases below 122 °C cannot be
used by the process, but could be provided to a district heating network (DHN). Exhaust
gases below 60 °C are lost in the chimney.

2
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• Grading of the lecture 
– Write a report on the application 

• Slides are available on moodle

• Big thank to the team 
– Eduardo Pina 
– Wen du

Organisation


