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Seven mtegratlon concepts
Integration of components into a system.

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

Integration of industries into eco - parks.

(Il ndustrial Ecology; o6crad
Integration of new technology into existing

technology.

Integration of sectors.
Integration of functions.

Integration of technology and sustainable
development

]
TUDelft -




ol
e )

o "

/ - ] ; :x =\ R = = + 5 /7\ ¢ .iv . \ (terrein |8
OSystem t (Ahory koving) g O
Optimizing Not Just Parts, But Entire Systems
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Designers and decisionrmakers too often define problems
narrowly, without identifying their causes or connections.
This merely shifts or even multiplies problems.

Systems thinking 0 the opposite of that dis -integrated
approacho typically reveals lasting, elegantly frugal solutions
with multiple benefits, which enable us to transcend
ldeological battles and unite all parties around shared goals.

e systems thinking also revea
problems, which often permits one solution to be leveraged

[O0 create many more.
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1. Integration of Components into an Energy System

\4

system

boundary
Y = Yield; supply ,. ‘.‘
T = Transport N

d X,t YU ; X,t
C = Conversion Biin )\ C ‘a jou );
S = Storage N
D = Demand ~~4--7
u Ioss(x’t)
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Yield & Demand

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

YHTHCHTHF=D
|

tion: transport and storage

5
TUDelft -
Technische Univ ersiteit D elft




thinking !!!
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Classification of energy system

— 1 LN Linear energy system

Co-generation system

Tri-generation system
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Not really mtegrated but
still coupled linear energy systems

E-net
Fossil 1
Renewable
B 2
Nuclear 3

Compare to communicating vessels in water systems:
1 Joul e wind/solar I n ot he gri d s:
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Next integration step:
Co-firing/Blending

Biomass

Co-firing

— E-grid

Bio -ethanol

Bio -diesel
mix

— Transport
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energy hub
MSMP

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

A Optimization by using additional degrees of freedom of
multi source multiproduct systems

A How much of each input input to supply the necessary
out putopniwanp? O

AEconomically opti mal | Ener
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at produces hydrogen
erts heat into power ?
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r Syngas

H,O0 ==>H,+ CO,
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Direct C arbon Fuel Cell

SRR —2C0 ">~ 0
= AH<0 &,
n, =1- 125 100% = ]
AH Q Syngas

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

Self regulating process
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objectives EValuate processes for fossil conversion i -

to electric power at efficiencies > 70 % L=

Electrochemical

conversion
.. § H-pyrolysis Al —o>  Electric
ACoal, lignitg) C Air power
atural gas| pyrolysis ~of -—co,

APetroleum 437 P Sequester or reuse

P tu® _ H
APetr. coke N O
ABiomass | Fuel cells, turbines, refinery, etc

Target: 700 80 % efficiency

< >

A The pyrolysis of CH, => C + (x/2)H, consumes 3-8% of fuel value; no ash
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‘ Integratlon of solar & fossn in a
MSMP system

Fossil (C ,H)) —— e C —|DCFQ

Solar decomposition Hz_. PEM
(or Nuclear)

Possible application in the North of Africa to
supply the Energy for Europe ??
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Countries with a large potential for Solar and Biomass will
become the energy producing countries of the future.

a@ N
Fuel cell
< -
technology
N, _J
Solar Biomass
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