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Extended abstract

The upcoming field of biorefineries and theplementationof circular economyppearnew challenges
and design problems that cannot be effectively addressedhigyconventional engineering tools of
literature. This work presenttiree generalizedmethodologies ancomputationaltools that combine
process synthds and integration technologidée order to detect complementary processes,itoprove
energy efficiencies ansustainabilitymargins of upcomingiorefineriesandto upgrade performance of

existing industry.

New challenges arise originatétbm the analyss of value chains, which include numerous candidate
chemical, biochemical and thermochemical pathat upgradewaste flows andor biomass feedstocks
into added value chemicals like solvents, fuelsiaterials nutraceuticals etc. The design priédém
involves infinite synthesis options of candidatepmpetitive and existing paths that need to be
evaluated and screened in orday revealbest biorefiningroutesthat effectively integrate among them
and with adjacent, distributed industries. The proposed hoglologies are generalized abgcome an
ideal solutionto detect high sustainabldiorefining strategies ahead ofletailed design as well as to

address angaseof conventional industry

The methodologies focus dkey degrees of freedom related wittbnnectionsamong upcoming and
existingprocesses andnhdustriespreparingthe conditions to exchange chemicals and energy among
them in the scope of viably applying circular econonBach process results in different efficiencies
when integrated across alternative process combinations, which need to be systematically screened and
evaluated todetect promisingbiorefinery portfolios (feedstocks processes and produdtén terms of

enegy savings and profitabilitynargins High energy costreported in realtlife biorefinery cases are
unable to support the selected productiopaths unlessproper and strong energy integration is

provided.

Common procesto-process integratiormethodologes are based on graphicabols, that apply as
separateanalysisstages, each referring to different levels of integratiotite first, for direct integration
of hot-cold streamswithin each process and the secqrfdr indirect (via steamprocessto-proces
integration. Under these conditions, the conventional graphical tools are strictly applied for known and

preselected process portfolios, rather thdor candidate chemical paths. This work presents systems



representations to address the combinatorial neg of the process synthesis and integration problem,

incorporating processsas additional dgrees of freedom in integration procedure.

The methodologwitilizesa generalized grapthat maps all synthesisptions among candidate/variable
and existing/fixed distributed procegs, which are expected to exchange chemidédws and energyn

any way and combination. The graplsoincludes options to address problems subjected to seasonal
availability of biomass varieties considering competiteedstocks as additional degrees of freedom of
the overall problem. In this scopstorage optiondor feedstocks and refinery chemicase usedwith

the purpose to optimize the seasonal operation plawof multiple-feedstock and multiplgrocess
biorefineries. While the graph develops feasible biorefinery portfoliastegration technologiesare

systematicallyappliedto build and evaluate efficiencies all candidatebiorefinery sites.

In this scope, thisvork introduces energy integration representatiogdased onkey conceptsof heat
transshipment modelg, that extend common integration capabilities bbpmbiningdirect and indirect
integration stagesas asingle linear energy optimization problem. The proposed heat transshipment
models enableanyfeasile heat exchange option amoradl candidatebiorefining paths, as well agith
distributed processesf existing industry. The overall synthesis and integration methodology combines
and synchronizes the graph with tipgoposedheat transshipment models teystematicdly evaluate all

(infinite) process combinations and tle@erallproblem is constructed as a linear optimization model.

The revised transshipment modetdso include options to managéeat loads offresh steam (from
furnace) and generatedsteam (using available process energy) enabling the analysis #mel
optimization of power ogenerationusing turbines. The existing literature strategiesed for the
approximation of turbine power outpuand isentropic efficiency are commonly based on gragdtsiod
multi-stage computatioal procedures, which ar@efficient to address the combinatorial nature thie
biorefinery problem; they also appear limited accuracy under extreme turbine operating conditions.
These issues are addressed by combining thésedvtransshipment models with nesomputational
strategies proposed for robust optimization péwer cogeneration andteamultility levels. Theoriginal
biorefinery problenfinally combines the degrees of freedom relatadth processsynthesis, integratio
and cogeneration tanvestigateefficient strategies to imgment circular economy; alsecorporating

electric power as an additional biorefinery product.

In addition this work addresses the design of fully integrated distillation systems.méteodology

focuses on the use of multigeffect (column) distillation systemsyhich utilize parallel columns that



share theoverall distillationfeed and operate at various pressuresabling heat exchangeamong
condensergeboilers as well as witlot/cold streams of the rest of process. The conventional literature
approaches are exclusively based on the w$egraphicaltools that are time consuming,do not
guarantee optimality and subject to partiality The methodology detects, systematizeand
mathematically models thalesign options ofmultiple-effect distillation systemswith the useof a
generalized graphThe graph is appropriately combined with common heat transshipment models to
incorporate (to the distillation design problem) the degs of freedom for the integration of distillation
effects among them and with hot/cold streams of the rest process. As a resulthe problem is

constructedasa linearoptimizationmodel for the design of fully energy integratditillation systems.

The three engineering tools: (a) process synthesis and integration, (b) cogeneration and utility levels
optimization and (c) design of integrated distillation systems, have been dpfgli@ddress realife
biorefinery problemsresultingin better (not obvious) solutions that cannot be detected by means of

existingliterature methodologies.
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1 A Y>Y 1 " h , 8B
aBBR advancedBiomass Bipartite graph Representation
AD Anaerobic Digestion
BBR Biomass Bipartite grapRepresentation
CGCC Column Grand Composite Curves
CHP Combined Heat and Power system
CIT Crossinterval Transshipment model
DMR Distillation Mapping graph Representation
GCC Grand Composite Curve
HTL HydroThermal Liquefaction
ICT Inter-Cascade Transshipment model
- arshall and Swift Cost Index

Q3 Marshall and Swift Cost Ind
MED Multiple-Effect Distillation system
MILP Mixed Integer Linear Programming
MINLP Mixed Integer NorLinear Programming
SSSP Site Sources and Sinks Profile
SUGCC Ste Utility Grand Composite Curves
TAC Total Annualized Cost
TCDS Thermally Coupled Distillation Systems
TCP Total Cost Performance
THM Turbine Hardware Model
TSA Total Site Analysis
TSC Total Site Cascade
TSR Total SiteRepresentation
USS Utilities Storage System
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