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Motivation Abstract Mathematical Model
High cooling energy cost due to the lack of The cooling energy cost could be a significant portion of Mixed Integer Non-linear Program with integer decision
» Systematic integration of a central cooling system the total energy cost for a large organization or building var?al;:e OI p?rt '06t‘d rba_\tio o;‘].clzlhill(er)s (X),dodn-o'ﬁ _deCiSiQ”bI f
. Proper cost-obtimized operation strate complex during summer. A hybrid system or thermal variable o steam turbine chifier (u), aha decision variable o

P P P & energy storage system is usually applied to reduce the peak _electrlc?I Idema_nd “m'tEéy) o
Obiect energy cost. However, without the proper integration and z=min,, C =min,  C~ +C" +Cy~ +Cy +C,
J_e_C I_Ve operation, the advantage of such systems could be S'Nt' "
To dev_elop a novel Cpst optimization model to plan the limited. This research develops a general energy cost ZQiEC,DXti N ZQiTC,DXti >d vt
operation under multiple energy sources under complex optimization methodology and mathematical model of a 1 = |
non-_llnear electricity cost structure and unpredictable hybrid cooling system under a complex non-linear pPSC <y vt
cooling demand. . .
electricity cost structure. The energy cost evaluation e, <V,
_ _ reflects complex real cost structure including electrical
Approach for Cost-effective Operation energy cost, electrical demand cost, electrical ratchet a(P™ +y, —PY)2 R,
Step 1: Build the cooling plant energy efficiency model cost, fuel cost, and electrical energy consumption from
Step 2: Evaluate the cost function terms other facilities. The optimization model is constructed as a Case Study Results
Step 3: Forecast the cooling load in the planning horizon mixed mt_eger Qonllngar program. To reduge high | » Based on cooling load profile: August 2010.
_ - _ computational intensity, a dual-stage solution method Is » Comparison

Step 4: Determine decision variables of

used by exploiting a variable of electrical demand limit as

. . . — Simulated cost-optimized operation
a 18t stage constraint. This reduced computation allows

e Partload ratio of each chiller

* Pumps and cooling towers real time implementation of the model for practical - ,.Act.ual past operation base(-:i o_n operator experiences
« Electrical demand limit purposes. The case study of the central cooling system in » Optimized operation characteristics
to meet the cooling demand from buildings an academic institution shows a possible energy saving — Shifting more cooling load from electric chillers to a
A . . of $144,000 by the optimized operation of August 2010. natural-gas based steam-turbine chiller to lower the
Step 5: Adjust the generated operation schedule according _ I o f veak electrical demand
to the actual cooling load An approxmgte yearly saving in energy cost of $150,000 e | |
could be achievable. — A significant saving of $141,000 in demand ratchet

Step 6: Record the actual operation parameters for future punitive cost
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