
F aculteit Techniek, Bestuur en Management Technische Univ ersiteit Delft

1

The role of integration options in energy systems 

for accelerated sustainable development.

Kas Hemmes

Delft University of technology
The Netherlands

SECTIE ENERGIE EN INDUSTRIE



F aculteit Techniek, Bestuur en Management Technische Univ ersiteit Delft

2

Seven integration concepts
1. Integration of components into a system. 

2. Integration of energy sources into Multisource 
Multiproduct (MSMP) energy systems. 

3. Integration of industries into eco -parks.  

(Industrial Ecology; ócradle to cradleô). 

4. Integration of new technology into existing 
technology. 

5. Integration of sectors. 

6. Integration of functions.

7. Integration of technology and sustainable 
development
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óSystem thinkingô(Amory Lovins)

Optimizing Not Just Parts, But Entire Systems 

Designers and decision-makers too often define problems 
narrowly, without identifying their causes or connections. 
This merely shifts or even multiplies problems. 

Systems thinking ðthe opposite of that dis -integrated 
approachðtypically reveals lasting, elegantly frugal solutions 
with multiple benefits, which enable us to transcend 
ideological battles and unite all parties around shared goals.

é systems thinking also reveals interconnections between 
problems, which often permits one solution to be leveraged 
to create many more.
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1. Integration of Components into an Energy System

Y DT C T

system 
boundary

ūi,in(x,t) ūj,out(x,t)

C

S

ūloss(x,t)

Y = Yield; supply

T = Transport

C = Conversion

S = Storage

D = Demand
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Mismatch in time and place

Y DT C T

S

Yield & Demand

Y(x,t)    D(x,t)

Standard solution: transport and storage
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However,

é.

System thinking !!!
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1

Classification of  energy system

2

3

Linear energy system

Co-generation system

Tri -generation system
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Not really integrated but 

still coupled linear energy systems

Renewable

1

2

3

Fossil

Nuclear

E-net

Compare to communicating vessels in water systems: 
1 Joule wind/solar in óthe grid saves 2,5 Joule of fossil energy
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Next integration step: 
Co- firing/Blending

Biomass 

Co-firing

F

R

E-grid

Bio -ethanol

Bio -diesel

mix

F

R

Transport
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Multisource -multiproduct system (MSMP)

Source: Martin Geidl (ETH Zurich)
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Multisource -multiproduct system (MSMP)

ÅOptimization by using additional degrees of freedom of 
multi source multiproduct systems

ÅHow much of each input input to supply the necessary 
output in an óoptimalôway ?

ÅEconomically optimal Í Energy efficient
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A Fuel Cell that produces hydrogen 
and converts heat into power ?

CO + H2O ==> H2 + CO2

DCFC

C

Q (solar)

Power

Syngas

C+½O2 = CO
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Electrochemical gasification in a 
Direct C arbon Fuel Cell

2C + O2 ==> 2CO S > 0

H < 0

fc

T S

H
1 100%

DCFC

C

Q

Power

(Solar) Heat can be converted into power with an 
efficiency higher than the Carnot efficiency!

Self regulating process

Syngas
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Evaluate processes for fossil conversion 
to electric power at efficiencies > 70 %

 

ÅCoal, lignite

ÅNatural gas

ÅPetroleum

ÅPetr. coke

ÅBiomass

H-pyrolysis

or

pyrolysis
C & H2

Electrochemical
conversion

Air

Electric  
power

Sequester or reuse
CO2

Fuel cells, turbines, refinery, etc. 

H2

C

Å The pyrolysis of CHx => C + (x/2)H2 consumes 3-8% of fuel value; no ash

Target: 70 ï80 % efficiency

Objectives
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Integration of solar & fossil in a 
MSMP system

Thermal 
decomposition

Fossil (C xHy)

Solar 

(or Nuclear) 

C

H2

Possible application in the North of Africa to 

supply the Energy for Europe ??

DCFC

PEM
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Countries with a large potential for Solar and Biomass will 
become the energy producing countries of the future.

Fuel cell 

technology

Solar Biomass


