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Overview 

Pinch Analysis: Basis and scope of application

Challenges for inter-company process integration: 

Distances, risks

Example application: EIP study

Cooperations: Financial fairness, trust
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Introduction: Heat integration for supporting 

industrial symbioses

Eco-industrial parks aim at realizing 

industrial symbioses 

Material flows 

Energy flows

Waste heat and cooling energy can 

be a resource

Characterisation by temperature 

(quality) and enthalpy (quantity)

Pinch analysis: Coupling of energy 

flows (graphic method, mathematic 

optimizations)
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Pinch analysis: Background

Optimize heat exchanger 

networks based on hot and cold 
process streams (composite 

curves)

Closest point between the 

composite curves (with minimal 

required temperature difference) 

is called Pinch-Point

Target figures for the 

thermodynamic minimum are 

calculated (details next slide)

Similar approaches for water 
reuse (single/multi-pollutant)



French-German Institute for 
Environmental Research (DFIU)

5 Eco-Efficency Conference

10 June 2010

Jens Ludwig

Levels of heat integration

Level of integration

I.  Thermodynamic potential 

analysis

II.a Economic pinch analysis 

(intra-installation)

II.b Intra-company 

process integration

II.c Inter-company 

process integration

Quality of problems

Thermodynamics

In addition: techno-economics, 

piping, complexity

In addition: loss of flexibility, 

supply and demand risk

In addition: increased supply 

and demand risk, revenue 
and cost sharing, long-term 

dependence, trust, 

confidentiality

Potential

Increasing

potential 

for heat 

reuse by 

process 

Integration
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Pinch analysis: Economic optimization
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Target Function

Cost factors for economic optimization

0

M

if i and j are process streams and combination allowed

if i and j are utility streams

If only i or j is a utility stream

else, M → ∞

f(αprocess, T
ln, cprocess)

f(αutility, T
ln, cutility, putility)

Side conditions (excerpt)

cik,jl =

gik,jl Transferred heat 

l,k = 1,2,…,L; Temperature intervals

i = 1,2,…,C ; Cold process streams and utilities

j = 1,2,…,H; Hot process streams and utilities

aik Heat demand of cold stream i in interval k

bjl Heat supply of hot stream j in interval l

Tln Log mean temperature difference [K]

α Heat transfer coefficient [kW/m2K]

c Specific investment heat exchanger [€/m2]

p Price of hot or cold utility [€/kW]
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Tln Log mean temperature difference [K]

αi,, αj Heat transfer coefficient of hot and cold stream i resp. j [kW/m²K]

eij Cost-capacity factor for heat exchanger investment cold stream i – hot stream j

κij Specific heat exchanger investment cold stream i – hot stream j [€/m²] 

TA Depreciation period of heat exchanger network

r Imputed interest rate

dij Parameter for piping distance between cold stream i and hot stream j

uij Parameter for supply risk related investment between cold stream i and hot 

stream j

Cost factor including extensions for inter-company heat integration of process 

streams

Supply and demand 

risk factor

Piping 

distance

ijd1* )1(* iju

Extensions:  Distance and risk (1/2)
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Extensions:  Distance and risk (2/2)

fluctuation

interruption

Cost factor for distances: Piping investment 

(including e.g. crossing of road), pumping cost 

Cost factor for preventing supply risks: 

Risk: Supply (heat) and demand (cooling) side

Costs for preventive measures

Chosen approach: Determine beforehand for each possible 

match (matrix) if these cost are added

Based on offered and required continuity class

Normal fluctuations (temperature, enthalpy)

Risk of complete interruption

backup heating/cooling

heat storage
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Example: Small industry park (1/4)

Case study (simplified) of existing pulp production as a basis for potential 

co-siting with (waste) wood-processing companies: 

Bio-oil (fuel and some chemicals produced by pyrolysis) 

Torrefaction (“roasting” of woodchips to coal-like fuel)

Wood fibreboard production (drying oven)
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Example: Small industry park (2/4)

Input data (excerpt):  Heating and cooling demand of 

different streams

Temp. Inlet Temp. 

Outlet

Flow Rate ΔH

[°C] [°C] [kg/h] [kW]

C1 (Pulp) 41 65 855.000 24.351 Total

C2 (Pulp) 65 70 186.000 1.082  heating:

C3 (Pulp) 60 120 44.000 3.073

C4 (Pulp) 78 120 143.000 6.979 41.980

C5 (Bio-Oil) 14 120 40.000 1.184 [kW]

C6 (Fibreboard) 14 150 32.000 1.215

C7 (Torrefaction) 14 150 26.000 4.116

H1 (Pulp) 81 75 265.000 1.590 Total 

H2 (Pulp) 110 95 18.000 11.292  cooling:

H3 (Pulp) 59 14 190.000 9.889 40.728

H4 (Pulp) 70 14 240.000 15.425 [kW]

H5 (Bio-Oil) 40 20 20.000 466

H6 (Bio_oil) 160 50 40.000 1.228

H7 (Torrefaction) 140 80 50.000 838

H
o

t 
P

ro
ce

ss
 S

tr
ea

m
s

Company

C
o

ld
 P

ro
ce

ss
 S

tr
ea

m
s



French-German Institute for 
Environmental Research (DFIU)

11 Eco-Efficency Conference

10 June 2010

Jens Ludwig

Example: Small industry park (3/4)

Heat transfer [KW] H1 (Pulp) H2 (Pulp) H3 (Pulp) H4 (Pulp) H5 (Bio-Oil) H6 (Bio-oil) H7 

(Torrefactio

n)

Hot Utility 

(steam)

Sum

C1 (Pulp) 1.534 8.102 1.813 5.224 0 1.217 0 6.490 24.381

C2 (Pulp) 0 839 0 0 0 0 0 243 1.082

C3 (Pulp) 56 932 0 0 0 0 0 2.085 3.073

C4 (Pulp) 0 1.419 0 0 0 0 0 5.555 6.974

C5 (Bio-Oil) 0 0 47 64 179 0 0 893 1.184

C6 (Fibreboard) 0 0 102 130 0 0 0 983 1.215

C7 (Torrefaction) 0 0 360 457 0 0 419 2.880 4.116

Cold Utility 0 0 7.562 9.544 287 11 0 0 17.404

Sum 1.590 11.292 9.885 15.419 466 1.228 419 19.129 59.408

Heat transfer [KW] H1 (Pulp) H2 (Pulp) H3 (Pulp) H4 (Pulp) H5 (Bio-Oil) H6 (Bio_oil) H7 

(Torrefactio

n)

Hot Utility 

(steam)

Sum

C1 (Pulp) 1.545 8.208 1.813 5.079 0 1.217 837 5.680 24.381

C2 (Pulp) 0 781 0 0 0 0 0 301 1.082

C3 (Pulp) 45 756 0 0 0 0 0 2.272 3.073

C4 (Pulp) 0 1.341 0 0 0 0 0 5.633 6.974

C5 (Bio-Oil) 0 0 125 177 0 0 0 882 1.184

C6 (Fibreboard) 0 0 104 137 0 0 0 974 1.215

C7 (Torrefaction) 0 206 375 586 0 0 0 2.948 4.116

Cold Utility 0 0 7.468 9.440 466 11 0 0 17.384

Sum 1.590 11.292 9.885 15.419 466 1.228 838 18.690 59.408

Result without considering distances

Result considering distances: more reuse within the same processes, some 

connections not chosen
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Example: Small industry park (3/3)

Cross-company heat integration 

offers high savings potentials 
(>50% in this simplified case 

study)

Considering obstacles like 

distances (and analogical supply 

risks) reduces potential savings, 

but is more realistic

Other approaches: heat belts, 

stepwise integration

Heat consumption [kW] Total cost [mio. USD]

No heat integration 41.980 9,78

Heat integration no distances 18690 (-55%) 6,99 (-29%)

Heat integration distances 19129 (-54%) 8,44 (-14%)

Potential for heat reuse

Summary of results
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Sharing of costs and benefits

Classical options 

Shared funds, bilateral agreements, market price for heat… 

All based on individual optimality; for some participants: Higher 

savings possible in smaller subgroups

Cooperative Game theory for ensuring fairness?

Pinch analysis: “Ideal” application: Savings only by 

cooperation and exactly computable

Find benefit allocations rules for the “grand coalition” 

preferable for all (no incentives to block cooperation): 

Methods for calculating side payments
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Core: Set of solutions for which no subgroup can improve 

payoff by leaving the grand coalition

Nucleolus: unique solution aiming at minimizing benefits from 

leaving 

Shapley-value as a classical allocation rule (e.g. applied in SCM): 

Each company’s average marginal contribution to all possible 

coalitions

…

Assumptions for these methods: 

Games are superadditive: Cooperations are worthwhile

Equal value of heat (cooling) for providers and users

All investment in heat exchanger network shared 

Methods for cost and benefit allocation 

(work in progress)
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Environmental cooperations: Trust as 

„soft infrastructure“

Relationship-specific investment (long investment cycles), no 

complete contracts 

Fragility of processes, propagation of interruptions (technical 

and psychological dimension)

Trust has to develop (calculus-based, information-based, 

transference-based)

Factors supporting influencing trust in process integration

Spatial proximity and thus knowledge of each other

Sustainable orientation

No direct competitors (different process characteristics)
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Conclusions

Process integration: Potential increases when enlarging 

system boundaries, but also number of issues to be 

considered

Distances and supply risk especially relevant for inter-

company integration (include both in targeting)

Long-lasting cooperations: Find fair allocation of benefits 

(game theory?)

Trust between companies vital 
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Thank you

for your attention!

Jens Ludwig (PhD student)
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