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The Apprentice and Trumpet Tower

Project A: 20% residential + 80% commercial
Project B: 80% residential + 20% commercial

Introduction

An unnamed, but well-known, businessman is thinking about investing in a new construction project to build the tallest structure in the world and reclaim this title from the current holder (the Taipei Financial Center, with 101 stories and reaching 1,671 ft (509 m) high).  Aware of the growing push toward environmentally friendly buildings and the need to conserve energy, our intrepid entrepreneur is considering a novel form of energy recovery from the waste water generated by employees and residents of the tower.  The object of the current project is to evaluate the efficacy of the proposed design and to find the optimal energy recovery system.  As an apprentice to the design company in charge of the preliminary design of this new building, you have been assigned to a team of engineers to evaluate the economic feasibility of the energy recovery scheme proposed in the following sections.

When considering the flow of waste water in the building, it is important to take into account the use of the space in the building.  For residential use (apartments), the number of people per unit area of building is relatively low; however, the water usage is relatively high.  In addition, water usage will be highest on the weekends and lower during the day.  For office space, the people per unit area will be higher, but the water usage will be lower and will be much lower during the weekends.

You should base the Trumpet Tower design using the following criteria: 

· Number of stories = 10 more than the building that currently has the most stories.
· Floor area per story = 4,000 m2 (43,000 ft2)
· Height of a story = 3.39 m (11 ft)

Background

The “energy-from-waste” idea is based on the same principle by which hydroelectric power is generated from dams.  The idea is to take the waste water (shower, bath, etc.) from the upper stories in the building and use the potential energy to push the blades of a turbine and subsequently to generate electricity.  This idea is shown in Figure 1.

From Figure 1, it can be seen that by locating a waste water storage tank at floor k (1 = bottom and n = top), waste water from the floors at and above level k may be collected and discharged through the turbine.  The power generated by the turbine is a function of the mass flowrate of water through the turbine and the height (z) between the tank and turbine.  Therefore, as the location of the tank moves from the top of the building to the bottom, the mass flowrate fed through the turbine increases but z decreases.  Clearly, there will be an optimum location to place the tank.  It is also possible to place a second (or any number of additional tanks) at locations 
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Figure 1: Schematic diagram showing location of turbine and storage tank

below the top tank and have additional turbines to generate electricity.  These options would, of course, incur additional capital expenditures but would generate additional electricity (savings).

Economic Data

As in previous projects, the objective function for your optimizations should be the equivalent annual operating cost (EAOC) of purchasing and installing the turbines and energy recovery system.  It should be noted that there are additional costs associated with supporting a wastewater tank at an elevation above ground level, and these must be included in your calculations.

Capital Investment Costs – installed costs for all equipment are given below


Cost of waste water tank, 


Additional cost of building to support tank,


Cost of turbine, 


Note that the cost of the turbine is based on the total water power (), but the amount of electricity generated is less than this amount, which is adjusted by the efficiency of the turbine (turbine = 85%)

Operating Costs

Cost (value) of electricity, Celect = $0.10/kWh
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