Chapter 4 Energy Diagnosis
CHAPTER 4: ENERGY DIAGNOSIS

“Don’t be content with the what, but gert to know the why and the how.”

Lord Robert Baden-Powell

4.1 INTRODUCTION

In chapter 1, the diagnosis of the energy consumption was heralded as the starting point of
the energy management programme. It is this area-of-activity that determines the present
energy performance per product or business unit and analyses reasons for poor
performance. In other words, energy diagnosis is the process of accounting for the energy
on campus in terms of the financial and technical aspects. Before the energy can be
accounted for, it is necessary to develop an understanding of the hierarchy of energy
consumption from the individual equipment all the way through to the point of total
institution consumption as shown on the left in figure 4.1. An example of each level is

provided on the right in this figure.

. G Accounting Level ) ) )
Entire INSEUtion [ St ¥ University of Pretoria

v l

Point-of-supply Level
Separate Campuses e » Main Campus

¥ . Sub-Station Level l
Groups of Buildings |- » Engineering Sub-Station
Y
. Transformer Level ¥
Separate Buildings » Engineering I Building
Y - Distribution Board Level M
Groups of Equipment » Office Equipment
A 4 . A4
e 5 Electricity Socket Level
Individual EQUIDIIENE [t mmmssssass » Personal Computer

Figure 4.1: Hierarchy of Energy Diagnosis on Campus

From figure 4.1 it follows that managing the energy consumption at any of the levels will
result in the management of the electricity cost of the entire institution. The point of
departure of this chapter is the dissemination of energy management problems to the other
areas-of-activity but before this can be accomplished, the problematic areas that are

responsible for a high electricity cost per end-user need to be identified. The energy
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manager should be aware that not all levels in figure 4.1 are necessarily responsible for
high electricity costs per product or business unit. In other words, addressing individual
machinery might not be an option and as a result a solution to the electricity cost needs to
be sought higher up in the diagnosis hierarchy. On the other hand, discovering faults at
higher levels should, were possible, be followed all the way through to determine the
source of the problem at the individual equipment level. The hierarchical levels depicted
in figure 4.1 are fairly comprehensive and may not be applicable to all academic

institutions, dependent on their physical size and geographical organisation.

4.2  INSIDE THE ENERGY DIAGNOSIS AREA-OF-ACTIVITY

This chapter can be divided into four sections, namely determining the specific benchmark
to be calculated, acquiring the necessary data, processing this data into information by
identifying contributors to the benchmark and finally disseminating it as knowledge to the

other areas-of-activity. This process is illustrated in figure 4.2.
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Figure 4.2: Functionality of the Energy Diagnosis Area-of-Activity

The solid arrows in figure 4.2 indicate internal operation and the dotted arrows indicate
operations that occur with the other areas-of-activity. In other words, the components
included in the dashed block in figure 4.2 fit into the Energy Diagnosis block of figures
24,25 and 2.6.
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Each of the four sections in the energy diagnosis area-of-activity will be discussed.

43 PURPOSE

It has been said that energy diagnosis is the starting point of the energy management
programme. The problem lies in determining where to start with the energy diagnosis. It
makes no sense in collecting data and then trying to determine where it can be used. For
this reason the diagnosis hierarchy presented in figure 4.1 is very useful as a guideline to
determining the starting point. The next step is to decide what is going to be calculated or
determined. In other words, you need to know what it is you are looking for and the place

where you should be looking.

4.3.1 Benchmarks

By definition, a norm or benchmark is a standard or point of reference [1]. It follows then
that an energy benchmark at an academic institution is a performance level that links the
functions on campus to the cost of energy usage. Traditionally, benchmarks have been
used that link the business functions or production levels to the energy consumption only.
This is not satisfactory in an energy management programme where the aim is to reduce
the energy cost within the context of environmental harmony in order to enhance
competitiveness and maximise profits because the benchmark is orientated around energy
consumption and not energy cost. It was explained in chapter 1 that the link between the

energy usage and cost is dependent on the tariff structure.

For example, altering the production times to periods of cheaper energy rates could provide
a reduction in the energy costs per product if billed according to a time-of-use tariff. In
this case, altering the production times has indeed reduced the cost of energy per product

but has not reduced the amount of energy required per product.

From this example it can be said that if energy to production benchmarks are used, the
programme would be failing to produce results which is not true. Using energy cost to

production benchmarks would highlight the success of the above example.

Care should be taken not to have too many benchmarks that become very similar and as
such not very useful. The other problem that occurs is that the accuracy of the benchmark
can become hazy if assumptions need to be made. For example, the energy cost per

student per month on a campus is not accurate because an assumption needs to be made
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regarding the duration and frequency of time spent by students on campus. Table 4.1 can

be used as a guide for the selection of benchmarks.

Table 4.1: Benchmark Selection Guide

Uses Examples
= Verify supplier accounts = Total Cost per Month
Institution Level | ®=  Track trends in costs = Equivalent Cost per Unit
= Comparison to other institutions = Energy Cost per Student

= Total Cost per Month
= Verify supplier accounts
= Cost per Campus per Month
Campus Level = Track trends in costs
= Equivalent Cost per Unit
= Comparison between campuses
= Energy Cost per Student

= Energy Cost per Building
=  Apportion costs to buildings . .
= Energy Cost per unit of Facility
e =  Comparison between buildings .
Building Level ) _ Space  (Office,  Laboratory,
=  Comparison between different types of _
Lecturing or Hostel)
facilities
= Energy Cost per Hostel Resident

The table focuses on two major types of benchmarks, namely those that depict electricity
cost per academic facility (or business process) and those that depict electricity cost per
student (or product). In this case the students of an academic institution are considered as
its product and the facilities of the institution are considered as the business processes.
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Figure 4.3: An example of the Electricity Cost from Main Campus, University of Pretoria

4.3.2 Benchmark Fluctuations
The energy costs within an academic institution will not remain constant. This is due to
various reasons and includes increasing tariff rates, seasonal swing, number of days under

consideration and activities on campus at the time.
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