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There is no doubt that consideration of environmental issues in process
design requires a life cycle and nulti-objective strategy, as opposed
to the traditional narrowy focused cost-benefit analysis. However, a
form dabl e chall enge faced by this kind of approach is that of

eval uating multiple objectives and defining a fair and consi stentsystem
boundary. As in process LCA, defining the boundary by including only
the rel evant processes may result in large truncation errors, while
expanding it to include all interactions is conputationally

intractabl e.

In practice, data and nodels are available at multiple scales ranging
fromindi vi dual equi pments and processes, to the supply and demand
chains, to the econony and ecosystem Nonethel ess, indiscrimnate
conbi nati on of such nbdels is prone to unreliable outcones since data
become nore aggregated and uncertain at |arger scal es.

Thi s paper presents a novel multiscale and nultiobjective approach for
utilizing available information at all these scales and providing the
nost conprehensive scenario on which process alternatives can be tested
and better decisions at the plant scale be nade. The multiscale
approach is closely related to existing hybrid (tiered) LCA nethods
(Suh et al.,2004), but represents inputs and outputs in terms of

cunul ative exergy consunption (CEC) (Szargut et al., 1988).
Contribution of |labor and capital are also included in the analysis.
Exergetic information at equi pment and process scales is available from
engi neering analysis, while that at econony and ecosystem scales is
obt ai ned by combi ni ng exergy anal ysis with econom c i nput-out put

anal ysis (UWki dwe and Bakshi, 2004).

The proposed met hodol ogy considers two objective functions: economc
cost and exergy consunption of the process life cycle at nultiple

scal es. Results provided by this nethodol ogy consist of a series of
Pareto optimal surfaces at various scales. Case studies of a heat
exchanger and a cogeneration system conpare the proposed approach with
exi sting nethods, and highlight the benefits of adopting a nultiscale
and nultiobjective view Opportunities for retrofitting existing

i ndustrial systems are also identified via the proposed approach
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