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Abstract

The development of high-efficiency energy systerssai pressing issue nowadays, motivated by
economic, environmental, and social aspects. Teiggion systems allow for the rational use of eperg
by means of appropriate energy integration and ideo\greater operational flexibility, which is
particularly interesting for buildings, often cheterized by variable electricity, heating, and aogl
demands. The benefits of trigeneration systemsbeaanhanced by the incorporation of thermal energy
storage (TES), which decouples production and copsion. This paper analyses the operation of a
simple trigeneration system including TES. The ropti operation is obtained by a linear programming
model that minimizes the total variable cost. Artheeconomic analysis based on marginal cost
assessment of the internal flows and final prodoétthe system is carried out, allowing to expltie
optimal operation of the system and the role of TS in achieving the optimal solution. The analysi
unravels the marginal cost formation process, prtesg a clear route from the final products obtdine

the resources consumed. This information can adigsign of new plants, the retrofit of existingesn
and the operational management to achieve the mmioperational cost.
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1 Introduction

Sustainability-related issues, such as the effici=e of energy, the depletion of fossil fuels teses,

and the increase in greenhouse gas emissions,ble@eene ever-present themes in the design of energy
systems over the years. Energy process integratoronly leads to higher energy efficiency, butbals
reduces environmental burdens and the economio€dst final products [1,2].

The combined production of two or more energy potslrom the same resource, as a result of
appropriate energy integration, is a defining ctinastic of polygeneration systems. Cogeneratn,
Combined Heat and Power (CHP), has been succasafylied in the industrial sector for decades. The
building sector accounts for 40% of the total eyenge in the European Union [3]. By combining
cogeneration with thermally activated technologg&sh as absorption chillers, the thermal covecage

be extended to meet refrigeration demands. Thera large potential for trigeneration systems (or
Combined Cooling, Heat, and Power — CCHP) in thiddimg sector, for example of countries in the
Mediterranean area. In fact, the European Commissienergy Performance of Buildings Directive [3]
recognizes cogeneration as a strategic technotoggritribute towards reducing energy dependency.

In the design of trigeneration systems for buildingvo fundamental issues must be addressed [4{i]6]
the synthesis of the plant configuration (instaltedhnologies and capacities); and (ii) the openati
planning (strategy concerning the operational staténe devices, energy flow rates, purchase/sglih
electricity, etc.). For existing plants, the onfyncern is the operational planning; however, indase of
new plants, the design procedure is more compleaus® of the wide variety of commercially available
technologies, the variability of energy demandsuthoand monthly), and the fluctuations in energy
prices [7,8]. A common approach to this problenthis single objective model aimed at identifying the
minimum cost as the objective function. The reviewfs[9,10] gather the characteristics of the
optimization methods for polygeneration systemss@méd in recent publications, indicating the time
scale, the objective function, and the solutionhndtemployed.

Thermal energy storage (TES) is playing an increggiimportant role in the design of polygeneration
systems, as demonstrated by several works [11]-H$Hiscussed in [16,17], the incorporation of TES
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