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Energy Efficiency 

The mar,tagement of energy is the study of system efficiency not component efficiency, 
hence the equipment required to study energy efficiency are scale models of typical 

._ systems. The following_ scale system will requil;-_e either purchasing as a _package or 
·_purchasing specific components and then constru~ting the model. As a mínimum the 
·:..following scale models will be required: -

Small motor with squirrel cage fan- for Power Factor and Motor performance 
Small complete refrigeration unit- can be made from a window air conditioner 
Heat exchanger system for demo·nstating heat recoveiy 
Lighting fixtures T8 and T12 bulbs also CFL's and incandescent 
Closed ~oop centrifugal water pump with instrumention 

Por stage 3 similar equipment will be required for Biogas, Microhydro and Biodiesel 
demonstrations 
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Disclaimer 

Every effort has been taken to avoid misrepresenting the rea!ities of energy management and 
energy consumption ana!ysis in energy-consuming organizations. The techniques and too!s 
provided in this course are, to the best of our know/edge, applicab!e in those situations describe d. 
Nevertheless, in view of the complexities of energy use in su eh situations, neither the authors of 
this workshop and its associated softvvare-C!ET and 'FdS Dixon lnc.- accept any responsibility 

- for any actions or decisio:Rs taken by workshop partici{J:ants or any other users of the:-text or 
software. Users of these-techniques and software too!s, by virtue of their use, agree 1o accept al! 
responsibifity for their actions. 

© Canadian lnstitute for Energy Training 
2005 
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·lnstaller 
Training 

Program 

}. ·'·' 

Seneca College in 
partnership with Canadian. 

Solar Industries 
Association (CANSia) 

provides a comprehensive 
understanding of related 
electric theory and the 

· fundamentals of 
Photovoltaic Systems. 

• By means of ip.dividualized distance 
learning and in-class study students 
willlearn the theory ahd practice 
requireq to use and install a solar 
energy system. 

• Flexible delivery 

• College credits 

• Partnerships: CANSia 

Program subjects: 
Levell - Electrical Theory 

Introductory to Electricity -
PVT1( 

DC and AC Circuit Analysis -
PVT1: 

Meter Prit;t<1ipJes & Operation -
PVT1~ 

Principles of Electrical Devices -

PVTL 

Levelll - Fundamentals of 
Photovoltaic Systems 

Solar Thecp;y :-¡ PVT2( 
Batteries ahd Charge Controllers -

PVT2: 
Balance of System Components -

PVT2: 

Levellll ~ Photovoltaic System Desiº 
& lnstallation 

¡•'t' ... 

System Integration -
Installation Practices -

PVT30 
PVT31 
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Seneca CQIÍege of Applied Arts & Technology 

PHOTOVOLTAIC INSTALLER TRAINING PROGRAM 

:_ 
' 

Leve! I- Electrica[Theory -

PVTlOO -Introduction to Electricity: 

This is a basic electrical theory course that covers the essentials ofDC electncal theory that is 
required for the installation ofPV equipment. The course covers properties ofmaterials, 
electrical terminology and the concept ofresistance. The student is introduced to the use ofwire 
tables and sizes and calculating voltage drop in wires. Many examples are given to illustrate the 
concepts being discussed. U pon completion of this course the student will have an 
understanding ofthe electrical fundamentals needed for further study. 

PVTllO- DC and AC Circuit Analvsis: 

The course covers the principie voltage, current and power in AC and DC series and parallel 
circuits. Fundamental electrical equations such as Ohm's Law power law and Kirchoff's law are 
introduced with explanations ofhow to use them to analyze circuits. The concepts of AC, 
inductive and capacitive reactance, impedance and power in AC circuits are also introduced. 
Many examples are given to illustrate the concepts being discussed. Upon completion ofthis 
course the student will be able to analyze basicAC and DC circuits. 

PVT120...,. Meter Principies and Operation: 

This course will give the student a working understanding ofhow toread and use meters in AC 
and DC electrical circuits. The use ofboth analog and digital meters and how they respond to 
various waveforms will also be covered. Many examples are given to illustrate the concepts 
being discussed. Upon completion ofthis course, the student will be able to use analog and 
digital meters for metering basic electrical characteristics in both AC and DC circuits. 

PVT130- Principies of Electrical Devices: 

This cours{discusses the electrical cSaracteristics of standard electrical equipment that is
commonly used with PV systems. Tapies include DC motors and generators, single and 3 phase 
AC motors, universal motors, lighting, DC and AC circuit breakers and fuses. Many examples 
are given to illustrate the concepts being discussed. Upon completion ofthis course, the student 
will understand how the electrical properties of standard devices can impact the selection and use 
of electrical components in a PV system .. 

:_ 
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Level JI- Fundamentals o(Photovoltaic Systems 

PVT200- Solar Theory: 

The purpose ofthis course is to acquaint the student with the PV solar module and its electrícal 
characteristics. The purpose and use of insolation data in predicting energy collection will be 
intror.hi"G~d. The. Goncept ofmod~-le shading, orientation anp tilt and hovl it effect~ m9dule 
perfon::ii.ance will also be discussed.. Combining modules in·:Series and parallel and thi use of 
blocking and bypass diodes are also addressed. Many examples are given to illustrate the 
concepts being discussed. 

PVT210- Batteries and Charge Controllers: 

The purpose ofthis course is to introduce the key characteristics and different types oflead-acid 
and nickel cadmium batteries. Tapies inchide battery chemistry, charging and discharging 
characteristics, maintenance and safety. The use of PV charge controllers including types and 
selection is also covered. Many exarnples are given to illustrate the concepts being discussed. 

PVT220- Balance of Svstems Components: 

This course covers systems components that are typically used in a PV system that have not been 
addressed in PV200 or PV21 O. Tapies include stand-alone and utility interactive inverters 
including different output waveforms, control centres, array integrators/combiner boxes, circuit 
breakers and fusing ap.d back-up power generators. Many examples are given to illustrate the 
concepts being discussed. · 

LevelJJI- System Design and Installations 

(Note: Leve!III is not available through distance learnin.g- in class study only). 

PVT300- System Integration: 

The pUI]JOSe ofthis course is to teach the student how the system components discussed in the 
·-200 level courses are integrated together to forn:l"aworking-system. "'fopicsl.nclude AC- ancfbc
tQad analysis, de:fining per~-ormance requirements, sjstem losses, safety factors: and sizing 
c:omponents. Hybrid and utility -interactive system&:are briefly discussed. A system design will 
be worked tlrrough and previous system designs will be reviewed and critiqued. Upon 
completion of this course, the student will understand how to select the components needed for a 
basic stand-alone PV system. 



--. 
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PVT310- Installation; 

This course cover fue installation of the electrical equipment typically used in PV systems 
including battery banks, solar modules, inverters, control centres and other standard electrical 
wiring equipment. Other topicsto be reviewed include site preparation, grounding, testing, 
commissioning and troubleshooting. Safety issues as they apply to th.e installation, maintenance 
and operation ofPV systems will be addressed as well as Worker's Compensation Board (WCB) 
ruleE. Upon comp)etion ofthis course, the gfU,dent ,;.vill h&ve :an undersf:anding ofho1;l/ to safely :
install small and n:ki.d-sized PV systems. ·: :; -

PVT320- Electrical Codes; (description TBA) 

- --. -. 
-. -. -. -· 

E: \Photovoltaic lnstaller.doc/02. 
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Chapter 6- Energy Monitoring, Targeting & Reporting 

Chapter 6: 
Energy Monitoring, Targeting & Reporting 

6.1 lntroduction 

Monitoring and Targeting is a management technique in which al! building utilities such as fue!, 

electricity, purchased steam or hot water (as in a district heating system), and water; are 

managed as controllable resources. lt may invo!ve a systematic, disciplined division of the 

building into Energy Account Centres (EAC's). The utilities used in each centre are closely 
monitored, and the energy used is compared with an appropriate measure of activity or load

occupancy in a commercial building, for example, or weather as indicated by heating or coo!ing 

degree days. Once this information is available on a regular basis, targets are set. Subsequent 

reports high!ight variances that can be readi!y spotted, and then interpreted to allow remedia! 

action to be implemented. 

This well established management technique has been used in many sectors in the UK since the 

early 1980's. The programs have been so effective that results published show typical reductions 

in annual energy costs in various sectors between 4 and 18%. Organizations surveyed generally 

credited Monitoring and Targeting with more than half of their energy efficiency measures. 

lncreasingly there is interest ih M&T in Ganada. 

We have chosen to add an "R" to M&T to indicate the importance ofthe information reporting that 

arises from the monitoring analysis and target setting. While a function of the management 

information systems in place in the organization, reporting is nevertheless an important aspect of 

the energy information management process. 

6.1.1 The benefits of MT&R 

Experience worldwide has demonstrated that monitoring and 
targeting is a proven strategy for energy management. In 
addition to ener.gy cost savings, the key benefits for public and 
prívate sector o"jganizations a!ike include: " 

• lmproved control of the indoor eiwironment; 
• lmproved costing of producís and services; 
• lmproved budgeting; 
• Enhanced preventative maintenance; 
• General waste avoidance. 
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Since MT&R is a management technique--one that is intended to be fully integrated with 

other management systems-its adoption by an organization demonstrates ·top 

management commitment to energy efficiency as a corporate priority rather than a 

temporary, or "one-off'', strategy. lt is through this commitment that savings are 

maximized and sustained in the long term. 

6.1.2 Workíng Defínítíons 

The three compone~t activities of MT&R are distl_!1ct yet inter-related: 

• Monitoring is the regular collection of information on energy use. lts purpose is to 

establish a basis of management control, to determine when and why energy 

consumption is deviating from an established pattern, and as a basis for taking 

management action where necessary. Monitoring is essentially aimed at preserving 

an established pattern. 

• Target setting is the identifrcation of levels of energy consumption, which it is 

desirable as a management objective to work towar~. 

The two activities have elements in common and they share much of the same 

information. As a general rule, however, monitoring comes befare target setting because 

without monitoring you cannot know precisely where you are starting from or decide if a 

target has been achieved. 

• Reporting "clases the loop" by putting the management information generated from 

the monitoring process in a form that enables ongoing control of energy use, the 

achievement of reduction targets, and the verification of savings. 

The reporting phase not only supports management control, but also provides for 

accountability in the relationship between performance and targets. 

6.1.3 The maín e/ements of monítoring and targetíng 

From a practica! perspective the essential elements of an M&T system are described 

below. These would apply toa building, plant, cost centre, process or other logical. 

division of the organization: 
Measuring energy consumption over time; 
Relating energy consumption to a measure of production; 

Setting targets for reduced consumption; 
Frequent comparison of consumption to targets; 

Reporting variances; 
Taking action to correct variances. 

6.2 Data and information 
- - -

Within the activity of M&T, data and information-_are distinct entities. The act~yity of monitoring a 

system or process .encompasses both measurement and analysis. Data are.:raw numbers su eh 

as would be the result of a measurement. lnformation is the result of some type of analysis u pon 

data. Figure 6.1 shows the r€llationship between data, information, measurement and analysis. 

lt also shows the action, which in an energy M&T system is intended to reduce consumption, the 

result. In fact al! of the elements of monitoring and targeting listed in section 6.1.3 are 

encompassed by this simple model, since further measurement and analysis are subsequently 
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used to determine whether the target has been met. And, further analysis will lead to action on 
the variances. Figure 6.2 illustrates this approach in the context of building operations. 

Measure 
Result 

-
' 

Data 

Take Action 

Analyze 

Information 

Figure 6.1: Measure-Analyze-Action 

Data ~ KWh consumed & degree-days 

Analysis -+ Regression & CUSUM 

Inforrnation -+ KWh increased Iast week. Why? 

Action ~ Corrections to HVAC Control System Set Points 

-
e 

Figure 6.2: One Cycle in Building Operations lmprovement 
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6.2.1 Data and information needs for monitoring and target setting 

Energy monitoring can be used to find out how much energy is costing you and for 
obtaining information to use as a basis for controlling consumption. 

In a building, human comfort is such a sensitive indicator of change that if the basic 
energy needs of the building vary by more than just a few per cent, the occupants will 
knów about it anyway-they represent a form of qualitative monitoring. Monitoring 
en.ergy use by means of meter$ and gauges provides inforrr:Tation in terms of measured ; 
quantities , and is called quantitative monitoring. -

Look at the energy consumption data in Table 6.1 and presented in Figure 6.3. This 
shows the energy consumed in two consecutive years, in terms of m3 of gas during the 
heating season for a government office building and the heating degree-days recorded 
for each month. The number of days per month is based on the gas utility billing period . 
The data appear in time series order and the graph uses the energy consumption per 
HDD to focus on the impact of the weather; other factors that might impact on the energy 
consumption would be level of occupancy or hours of operation, but in this case, these 
are determined to be insignificant. 

Now consider sorne simple questions, answers to which are contained in this data. 
• How many energy saving measures have been introduced? 
• When did each take effect? 
• How much energy has each measure saved? 
• Are all the energy saving measures still working? 
• Have any breakdowns been restored? 
• How much energy will be required for a projected number of heating degree-days 

next January? · 
What further savings can be achieved? 

Although all this information is available from the data set, it can only be accessed if the 
right kinds of analyses are applied . To find out what has been going on in this heating 
system we have to deal separately with two key questions: 

• How does energy use vary with HDD? 

• How does the relation between energy use and HDD change with time? 

The methods of discovering answers to these questions are addressed in the following 
sections . 

--. -. -. 
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Table 6.1: Energy Consumption for an Office Building 

>-
(lj 

o --"' ~ 

Month·:·<; M~·c:--Days·. M3/day_'.· .. HDD.{°C} _::M3/~DD 

1999/2000 Heating Season 

Sep 1402 . 30 47 76 19 

Oct 7235 29 249 287 25 

Nov 11256 29 388 45.6 25 

Dec 1772~ 33 537 824 21 

Jan. 15475 32 484 663 23 

Feb 11675 31 377 639 18 

Mar 11185 30 373 499 22 

Apr 8368 31 270 316 26 

M ay 3268 27 121 152 21 

2000/2001 Heating Season 
.. 

Sep 1242 30 41 127 10 

Oct 5281 . 31 170. 304 17 

Nov 7331 29 253 670 11 

Oec 12376 31 399 752 16 

Jan 18118 34 533 902 20 

Feb 12484 28 446 628 20 

Mar 1 1824· 29 408 525 23 

Apr 5538 31 179 267 21 

M ay 1982 30 66 109 18 

Baseline Energy/Day and Energy/HDD 

600 
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~----~-----.-----.-----.------r 30 
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I~M3/day -t~-M3/HDD 1 ~ 
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Figure 6.3: Energy and Specific Energy Compared 
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6.3 Monitoring 

When you monitor energy consumption you need a way of analyzing the mass of data to te!! you 

how energy consumption is changing in response to changes in use and building performance. 

In this section we shall outline the process of monitoring including a key method of analyzing data 

known as the CUSUM technique. 

6.3.1 En~rgy Accountabílity Ci[Jtre Definítion 

Energy Accountability Centres (EACs) are selected, with the agreement of the various 

departments, based on a knowledge of the main areas of energy consumption, the utility 

distribution systems and existing sub-metering. EAC selection should be based, if 

possible, on the following criteria: 

• The potential cOst savings must justify the costs of data measurement, sometimes 

called sub-metering .. 

Energy consumption can be measured. 

"Ownership" of EAC cost can be established. 

• EAC cost ownership fits the organization's existing structures. M&T is more effective 

if it is integrated fully into an organization's reporting structures, rather than being 

seen as outside the main areas of management concern. 

6.3.2 Data Col/ection 

There are two basic issues that must be addressed when considering data collection: 

• frequency- how often is data measured; 

• mechanism - how is data col!ected. 

The selection ofthe correct data collection frequency is crucial to the success of M&T. lf 

too much data is collected, then the data processing effort could start to cost more than 

the potential savings. On the other hand, if data is not collected frequently enough, the 

reasons for cost variances may not be clear and, even if they are known, the variations 

will continue for longer. The savings potential is thus reduced. 

A range of mechanisms may be employed for data collection ranging from a manual to 

fully automatic system. The method employed will depend upon your resources and 

budget Each has distinct advantages and disadvantages: 

• Monthly utility invoices. 
Manual data forms periodically. 
Portable data loggers. 
Fully automated measurement. 

' - .. 
... ... -. 
-· -. 
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6.4 Analysis 

In the following example we will loo k at the analysis of the energy consumption of the building 

considered previously. 

Table 6.2 gives energy consumption and HDD data for a municipal government building for a 

period of about 2 ~ years. 
. . 

Titble 6.2: Energy Consump}ion Data for Municipal Bui]ding 

1' .· . 

1,142 
282 1,278 
238 1,198 

15 95 1,785 

16 59 .2,640 

23 Feb-01 429 396,079 923 

24 Mar-01 408 380,197 932 

25 Apr-01 264 309,685 1 '173 
26 May-01 197 241,795 1,227 

27 Jun-01 137 169,631 1,238 

28 Jul-01 59 147,037 2,492 

29 Aug-01 90 155,188 1,724 

30 Sep-01 94 154,056 1,639 

' 31 Oct-01 - 195 195,491 1,po3 
.,_ 

32 ': -. 
-. 

33 
-. -. 

34 
35 
36 
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Table 6.2 includes a calculated column, the specific energy, or m3/HDD. This value can 
be plotted, as in Figure 6.4; however, it doesn't really provide much in the way of new 
information. 

Monthly Weather and Energy 

-Gas {m3) ¡¡;¡;j¡j Weather {DD) ---+--- SEC (m3/DD) 

600,000 r-----~----------~-----------~--, 9000 

8000 

o 500,000 

e. 
~ 

"' .e ro 4oa,ooa - m 
-- fi-

7000 ~ 
o 
o 

5ooo ;:;; 

~ ¡ 
.§.. 

«! 
e;;- 30o,ooo 

5000 ~ .! ¡ m 
.í M" -

.§.. "' 4000 Ji 
" "' "C1 o 

Q; 200,000 
e -~o··-·-----

3000 ~ 
"' c. w zooo en 

-- --m-:- - -L 
' 3 1 - '.1/ \_ V' 

100,000 . ~---'· -. - .. , ;=:. --. '\.,," 

T. ll ¡ ' ! 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Month 

Figure 6.4: Data Plot 

1000 

What we need is a functional relationship between energy consumption and HDD, oran 
"energy performance model". 

6.4.1 Relatíng energy use to weather 

As a basis for our analysis we must establish a simple but physical relationship between 
energy use and weather in a building. In simple terms, the energy required to heat the 
building during the heating season is equal to the heat Jost from the building into the 
surrounding environment, through building walls, windows, and venís. 

The rate at which heat loss occurs is determined mainly by two key factors: the 
temperature difference driving force, being the difference between the indoor and outdoor 
temperature; and the thermal performance of the building_ 

A convenient way of quantifying this driving force is the heating degree day (HDD), which 
is defined specifically as the su m of the departures of the daily mean temperature from a 
reference temperature, such as 18°C ( or whatever temperature represents the thermal 
neutral point--at which neither heating nor cooling is required to maintain the desired 
indoor temperature----for the building in question), for each day on which the temperature 
falls below that value in a specified period. So, in Table 6.1 in December 1999, we see 
the total degree-days indicated as-824 for the 33 days in this billing period. This means 
that trie average temperature over:that period was 25 degrees -Delow the reference 
temperature of 18°C, oran average temperature of -7°C ( cold,-1sn't it?). -. 

Although oversimplifying a complex physical situation, we might think of the overall 
building having a coefficient of heat loss-Jet's call it U-which relates the rate of heat 
Joss to the temperature difference driving force. The total heat lost in a period is then the 
integral of the instantaneous heat Joss rate. We can then say that the heat lost is directly 
proportional to the driving force, or the HDD measure: 

Page 6-8 Energy Management in Commercial and lnstitutional Buildings 



Chapter 6- Energy Monitoring, Targeting & Reporting 

Q} HDD 

with the constant of pro portian being the heat transfer coefficient of the building. 

This provides a theoretical basis for the empírica! expectation that energy plotted against 

HDD is a straight line. 

6.4.2 Establish~ng the pattern of energy use compared with~HDD 

What we have established so far is that it is reasonable to plot energy against HDD and 

to expect a straight line. lndeed, that is what is commonly found. Plotting the energy use 

agaínst HDD often produces a straight line of the form 

y= mx+ e 

where e, the íntercept, and m, the s!ope, are empírica! coefficíents. 

Figure 6.5 is a scatter plot of energy consumption vs. HDD. 

------------------···--·~-------¡ 

+ 
+ 

+ + 
~---------------~-----~--·----------------• 

+ 

o +----~-------.------.-------.----,------~ 
o 100 200 300 

HDD 

400 

Figure 6.5: Energy Consumption vs. HDD 

500 600 

Clearly energy consumption rises with HDD as we would expect. But the wide scatter of 

consumption values for the same HDD values indicates that something e!se is going on. 

In Excel, we c~n apply a trendlíne to the sc"ktter of points using linear re~ression, as 

shown in Figure 6.6. -. ·· 
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600,000 ~-----------------------------------------------, 
y=745.8x+ 109863 
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Figure 6.6: Linear Regression of the Data Set 

500 

This analysis gives an energy performance model for the entire data set: 

Energy (m3
) = 745.8 x HDD + 109,863 (Equation 6.1) 

600 

lt is important to note that there are two components to the energy load: one component, 

represented by 745.8 m3/HDD, is related to building efficiency and is the incremental load 

that is related specifically to heating. The other component, here 109,863 m3
, is 

unrelated to weather and might be thought of as a "base load". Recognizing these two 

components can lead the energy manager in different directions in the search for savings 

opportunities. 

Nevertheless, this plot is of limited usefulness since there may have been significant 

performance changes during the 30 months of operation; indeed, the wide variation of 

consumption val u es for the same HDD values suggests that this may be so. 

What we need is an energy performance model based on a period of consistent 

performance, or a baseline. 

6.4.3 The Baseline 

Finding a baseline is part art, part science. In principie, any períod of consistent 

performance can serve as a baseline. Usually an iterative approach is needed to find a 

suitable baseline, although sometimes knowledge about the facility will indicate what 

period is suitable.:. , 

In the case of this-:example, let's suppose that "0e know that the building performed 

consistently for the first 11 months of the period, and that this is a reasonable basis for 

analysis. Figure 6. 7 is a linear regression on just these 11 points. 
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600,000 
y= 834.02x + 134597 

500,000 ___ _B:_::_Q,9Ej_Q2 ___________ -···- ·----· ---------*------
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100,000 ------------------------------1 
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Figure 6.7: The Baseline 

Now we have a different performance model, which defines baseline performance: 

Energy (m3
) = 834.02 x HDD + 134,597 (Equation 6.2) 

Comparing the models of equation 6.1 and 6.2 confirms what we expected: 

Table 6.3: · Comparison of Energy Performance Parameters 

Since the overall efficiency (slope) and the overall base load (intercept) are both lo\fv'er 
than those in the baseline period, it seems apparent that a performance improvement 
occurred during the 30 month period. 

Understanding this further requires the use of a new too!, CUSUM. 

6.4.3 CUSUM 

-
' 

CUSUM is a powerful technique for monitoring the performance of facility. Suppose that 
over time you had collected data on the energy. consumption of the building, and yo u 
began to make changes to improve efficiency. Or perhaps, you noticed that consumption 

:- was up and you wonderedyvhether this was within the (ange of chance variability. --
_: CUSUM helps you to ans"'{_er these questions. _: __ 

CUSUM stands for 'CUmulative SUM of differences', where 'difference' refers to 
differences between the actual consumption and the consumption you expect on the 
basis of some established pattern. Any measurements on a system have associated with 
them some natural scatter. CUSUM is a technique with the ability to see through random 
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scatter and to detect changes in the underlying pattern. 

lf consumption continues to follow the established pattern, the differences between the 

actual consumption and the established pattern will be small and randomly either positive 

or negative. The cumulative su m of these differences over time, CUSUM, will stay near 

zero. 

Once a change ·fn pattern occurs due to the presence of a fault orto so me improvement 

in the process b-!3ing monitored, the distributi(;m of the differences about Z(?ro becomes 

less symmetricaf and their cumulative sum, CUSUM, increases or decreases with time. 

The CUSUM graph therefore consists of straight sections separated by kinks; each kink 

is associated with a change in pattern, each straight section is associated with a time 

when the pattern is stable. 

CUSUM is a general technique; the nature of the established pattern can be as simple as 

a single number average ora complex relation involving many variables. 

In this case, the basis for thé CUSUM analysis is the baseline energy performance 

model. Equation 6.2 is used to calculate "predicted" or theoretical values of energy 

consumption for the actual HDD values tabulated. The difference between the actual 

consumption and this predicted consumption is then accumulated algebraically to give · 

CUSUM values as shown in Table 6.4. 

lt is customary to compute CUSUM in a way such that the initial period runs horizontally, 

as in our example. That is, as a first attempt the initial period may be a reasonable 

baseline. CUSUM then displays in a very simple way the changes in consumption since 

the period of this initial, or baseline pattern. 

- ·• 
-: -: 

-· -. -. 
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Table 6.4: CUSUM Calculations 

Month 
··· 1' . - Apr-'99 

, ·· . .2 :. !Vla)'-.99 
· .· ·· .. :· .:3 · ·. Jt.m~9S) 

:· · :: '·' :"4 .J•uF-99 

·: '· :.' . . 
.. --~·<.: 

.·, ::n.,~i · 
. . · .. ;t~·j 

12 
13 
14 
15 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

Aug~99 

,'Sé¡rg$ 
Dqt-99 · 
Nqv..:s¡.9 

. D!?ci.,.99, ., 
:._.,Jari-,;00' ' 

Feb:.,OO : 

Mar-01 
Apr-01 
May-01 
Jun-01 
Jul-01 

Aug-01 
Sep-01 
Oct-01 

396,079 
380,197 
309,685 
241,795 
169,631 

59 147,037 
90 155,1 
94 154, 

195 195,491 

Slope 
lntercept 

Energy 
m3/HDD 

1.,301 
. 1;627 

·.·2,223 
7,882 
2,91_2 

1' .. 
'1 ,186 

. ,1,015 
1,142 
1,278 
1,198 
1,785 

640 

923 
932 

1,173 
1,227 
1,238 
2,492. 
1,724 
1,639 
1,003 

A plot of CUSUM vs. time yields Figure 6.8. 

~ 

--
-. -. 
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834_02 
134,597 

364, 
464,035 
584,1 
492,392 
474,877 
354,778 
298,899 
248,858 
183, 
209,659 
212,995 
297,231 

Target slope 
Target intercept 

DiffE?fence 
m3 
15,245 
37,543 
-9,546 
20,467 

-39,0 
-11,470 
21,610 

-525 

CUSUM 
15,245 
52,787 
43,241 
63,708 
24,704 
13,234 
34,843 
34,318 
44,223 
59,709 

13 
-12,759 
-22,135 
-69,992 

-114,273 
-142,340 
-188,826 
-299,497 
-358,914 
-459,770 
-593,097 
-766,884 
-863,197 

-94,680 -957,877 
-45,093 -1,002,970 
-57,104 -1,060,074 
-79,227 -1,139,301 
-36,767 -1,176,068 
-54,471 -1,230,539 
-58,939 -1,289,478 

-101,740 -1,391,218 
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Figure 6 .. 8: Energy Savings CUSUM 

The critica! features of the CUSUM graph are the following: 

• Periods of consistent performance are indicated by more or less constant slope Jine 
segments, as indicated on Figure 6 .. 8; 

Therefore, changes in performance are indicated by changes in slope; 

A downward sloping line represents energy savings compared to baseline 
performance, and the cumulative savings can be read from the graph .. 

This CUSUM graph indicates: 

• There have been two measures to reduce consumption, one that was implemented 
around month 14, and a second around month 18 .. 

The first measure had saved a total of about 200,000 m3 befare the second measure 
was implemented, and together they saved a total of about 850,000 m3 up to month 
25 when it appears that something went wrong_ 

• lt appears that one ofthe measures stopped functioning at month 25 and that 
situation continued to the end of the data set 

Nevertheless, the total savings in the 30 months of operation were about 1 ,400,000 m3 

compared to the "business as usual" performance of the baseline period_ 

-. 
-- --

-

--

z¡¡t:,-;s 
----------------------------------------~ 
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6.5 Target Setting 

Having established the present leve! of energy consumption we should now try'to seta target for 
reducing it. Target setting is a vital part of energy management as it encourages us to determine 
how low a leve! of energy consumption is achievable. In this section we are concerned with how 
to decide on an appropriate target. 

farget setting is quite distincffrom monitoring. In monitor(ñg you are trying to maintain~an 
~xisting leve! of efficiency. lrúarget setting you decide to what leve! energy consumpti~n can be 
reduced. 

All targets need two eiements: 

• meas u re of the leve! to which consumption can be reduced; 

the time by which the reduction will be achieved. 

To be worthwhile, these must be realistic. Targets related to those achievable by better, or more 
skilled operators and management need to be distinguished from those which involve capital 
investment. 

The simplest form of target is an across-the-board reduction in consumption, e.g. 5% in two 
years. Apart from the fact that it is obviousiy arbitrary and not derived on the basis of what is 
possible, such a target has enormous practica! difficulties. lt asks the sarrie of all sites, 
irrespective of how efficient or inefficient they are already. In any organization where there has 
not been any attempt at all to reduce consumption in the past, there will be a disparity between 
parts of the organization in what has been achieved already. 

Furthermore, and importantly, the arbitrary target ignores the fact that there are two components 
to the energy load as discussed previousiy. Different tactics are likely required to attack the base 
load and the incremental (i.e. heating-related) load. 

6.5.1 Prefiminary Targets 

When setting up M&T, it is often appropriate to use current consumption rates as the 
target, at Jeast for the first few weeks. 

In the case of the building exampie, this would involve maintaining the performance of the 
last severa! months of the data set period. The energy performance model for this period 
can be obtained just as for the baseline by doing regression on those last severa! points 
alone. 

6.5.2 Revision of Targets 

After M&T has been in operation for a while, the preliminary target based on current 
performance will be easily attainable and shouid be reset. This can be done in a number 
of ways, including_: -;, 

• Using the perfod of best performance as a--target. This yields a modest but generaily 
attainable target. 

Selecting the best historical months-whether or not they occurred in sequence-as 
the target; this will produce the most demanding, but with effort still an attainable 
target. 
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Basing a target u pon an agreed upon set of actions designed to yield specific and quantifiable savings. 

Setting a target for an arbitrary percentage improvement u pon current performance. Although arbitrary, if chosen properly this target will be attainable. lf this target exceeds the best historical performance it wíll likely not be attainable and therefore avoided. This method is not recommended. 

Which:ever method is used, it is essential that operational persoi:lnel are involved in the process of setting the targets and iñ fact have input to what is or-is not realistic. Otherwise, key personnel may not "buy-in" to the M&T approach and targets will not be achieved. 

To iilustrate, a target can be developed based on the period in our example when both measures were functioning. This involves doing a regression on this period, as shown in Figure 6.9. 

Cf) 
ro 

(.9 
(") 

E 

450,000 

400,000 

350,000 

300,000 

250,000 

200,000 
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o 

_--.::; = 607.45x + 89905 

~~ R2 = 0.9606 -

---------

---~- ·---

~-

~ • 

10 11 o 210 310 

HDD 

-

410 510 

Figure 6.9: Target Based on Period of Best Performance 

Once aga.in, there is a new performance model: 

Energy (m 3
) = 607.45 x HDD + 89,905 (Equation 6.3) 

--

610 

Revisiting Table 6.3, with the addition of the parameters from Equation 6.3 gives us Table 6.5: 

Table 6.5: Comparison of Energy Performance Parameters 
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Now it is obvious why the entíre data set showed lower efficiency and base load numbers 

than the baseline; it is beca use of the periods of superior performance in which the 

lowest efficiency and base load numbers were produced. 

6.5.3 MariagÍng performance wÍth the control chart 

Con_±rol charts ate commC?._nly us~d in manufacturing to_manage product quality am~ngst _ 

_ . oth:er th1ngs. :The same approa~h can be :used to manage enerQY performance in · 

buif.cHngs. Thts involves t.ffiing tf-til target performance inodel::3s a basisfor not onli ., 

moñitoring and CUSUM analysis, but also for the creation of control charts that can give -

better "real time" information to building operators and managers. 

When the target model is used as a basis for predicting new theoretical energy 

consumption values, Table 6.6 results. 

Table 6.6: Data Set with Control Chart Calculatíons 

Slope 834.02 Target slope 

lntercept 134,597 Target intercept 
604.45 
89,905 

Measured Data Base fine Control Chart 

Specific 

Weather Natural Energy Predicted Difference Predicted Difference 

Month HDD Gasm3 m3/HDD m3 m3 CUSUM m3 m3 

"1· · P.;pr-'99 321' 417.;'562 '1 ,301' 402,317 15,245 15,245 283,933 133,629 

·.Ji ·'Wlay-99, ·,. 1' 217 353,1.22 :1;.627 315,579 37,543 52,787 221,071 132,051 

.:::r ' J~n~99' '90 '208,'1"13 . .2,:223 209,659 -9,546 43,241 144,306 55,808 

'4 .. _j(j¡"gg 22 :173,412: 7,88'2 152,945 20,467 63,708 103,203 70,209 

5: Mg~gg' 46 ;1:33¡958, 2;912 172,962 -39,004 24,704 117,710 16,248 

'6 sep"99 '101 . 2~2,367: 1;985 223,837 "11 ,470 13,234 154,581 57,786 

7 Oc1:"99 <·225 343,'861' :¡ ,528. 322,252 21,610 34,843 225,906 117,955 

8 Nov":99 ~.'304 . ;387,'614' 388,139 -525 34,318 273,658 113,956 

9 ·ber:r":99 .,689 .. '468.;93'5 459,031 9,904 44,223 325,036 143,899 

1Ci Jan"oo" &427, :5oo,z1.o 490,724 15,486 59,709 348,005 158,205 

11 .Feb-oo • .:irt.'S . 421,.0'=19, 480,715 -59,696 13 340,752 80,267 

12 Mar-00 396 452,097 464,869 -12,772 -12,759 329,267 122,830 

13 Apr-OO 282 360,415 369,791 -9,376 -22,135 260,360 100,055 

14 May-00 238 285,237 333,094 -47,857 -69;992 233,764 51,473 

15 Jun-00 95 169,547 213,829 -44,282 -114,273 147,328 22,219 

16 Jul-O O 59 155,738 183,804 -28,066 -142,340 125,568 30,170 

168,792 -46,487 ·-188,826 11-4,687 7,618 

237,181 -110,670 -299,497 164,252 -37,741 

300,567 -59,417 -358,914 210,191 30,959 

364,787 -100,857 -459,770 256,733 7,197 

464,035 -133,327 -593,097 328,663 2,045 

584,134 -173,787 -766,884 415,704 -5,357 

23 429 396,079 492,392 -96,313 -863,197 349,214 46,865 

24 Mar-01 408 380,197 932 474,877 -94;680 -957,8Tt 336,521 43,676 

25 Apr-0'1 264 309,685 1,173 354,778 -45,093 -1,002,970 249,480 60,205 

26 May-O'! 197 241,795 1,227 298,899 -57,104 -1,060,074 208,982' 32,813 

27 Jun-01 137 169,631 1,238 248,858 -79,227 -1 '139,301 172,715 -3,084 

28' Jul::Ot. 5~· 1'47;03'7. 2,4~2' .. '183,EiJ4 "36;767• ·~1 ;t7"6~él6"8 - 1'25,588 21 ,489' 

29 Aug-01 90 155,188 1,724 209,659 -54,471 -1,230,539 144,306 10,883 

30 Sep-01 94 154,056 1;639 212,995 -58,939 -1,289,478 146,723 7,333 

31 Oct-01 195 195,491 1,003 297,231 -101,740 -1,391,218 207,773 -12,282 

32 
33 
34 
35 
36 
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The differences between the áctual and target consumption values are calculated as in 
CUSUM analysis, but for control chart purposes the variances alone (rather than the 
cumulative su m of differences) are plotted against time to produce the control chart, 
Figure 6.1 O. 

200,000 

o -

·= 150,000~ 

U) 

100,000 ro 
CD 
('"") 

E 
Cl) 50,000 
u 
e 
ro 

·;:: 
ro o > 

-50,000 

-100,000 

month 

Figure 6.10: Control Chart 

Bahds have been added to the control chart for upper and l.ower control limits. A good 
value for the controllimits is +/-1.4 times the average ofthe differences in the current 
pattern ignoring the signs. 

6.5.4 Monítoring as a basis for actions 

A number of actions can result from monitoring fallingl into a number of categories 
ranging from control to budgeting and comparisons. 

6.5.4.1 Monitoring as a basis for control 

Monitoring starts with information gathered at regular time intervals. By using techniques 
like CUSUM it is possible to isolate the time related variation and by regression or x-y 
graphs to isolate variations such as the weather and occupancy. In this way monitoring 
information is useful as a basis for precise control. 

CUSUM uses readings from the same meter. Provided that there are no inconsistencies 
in the way the meter reads as it accumulates data (exceedingly rare), the precision ofthe 
meier, the consis.ter~cy of weather in:formatkm and the.character{zat~on of the pattern are 
the only limits to the resolution of a trend. 

There are two limits to the resolution of a fault. One is the size of fault that might appear 
in one month and whether this can be detected as an isolated incident. The other is a 
change in pattern and whether this can be detected over time. In a building, an example 
of the first is whether one could detect an occupant leaving a window open over a 
weekend, the second is whether one could detect someone having reset a time clock. 
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In a well managed building the resolution of a fault of +/-3% as an isolated incident ought 
to be posstble and longer-term changes in pattern of better than +/-i% are possible. The 
limit to the detection of isolated faults in many cases is the reliability of the degree-day 
itself .as a measure of the weather. 

6.5.4.2 Monitoríng as a source of budget information 

Having_produced a formula for the target pattem, ff the building is not expeded to 
change~ lt ls ¡¿ossible to use the projection§ of weather into the fll:ture te?, produce a 
budgef· For l5uildiñgs one might use a pro]ectión based on the 20-year-average weather 
expressed as degree--days, which are readily available. 

The example below illustrates an energy budget calculation. 

6:5.4.3 Monitoring as a of source summary information 

As we have seen, monitoring in this way isolates from a long time series of data a small 
number of parameters which summarize the pattern of energy use in the building---:-the 
slope and the intercept in the case of a straight line. 

These parameters provide an extremely valuable means of comparing energy use 
between buildings. ft is a valuable form of management summary information for many 
kinds of decision-costing, operating cost comparisons, etc. 

Examples of summary information obtainable from monitoring are: 
the degree day- related and unrelated consumption for different. buildings; 
energy intensity, i.e. consumption val u es expressed per unit are a of floor for 
buildings; 
the fraction of eiectricity units used at night; 
electricalload factors (kWh/maximum demand). 
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Energy Efficiency Through Energy Management 
1 O October 2006 

Charles R. Price P.Eng. 
Energy Management and Solar Consultant 

What is my energy efficiency role at Zamorano? 
:-My mlF. hF;rf'i-is- ~- ·- ._ 
; 1. t0~in~estigate fue p0tential tSr energy redUCtÍOn and renew~le ene~g)T 80lirCeS f0t 

Zamorano; - -
2. to assist in the development of a strategJT that will move Zamorano toward energJT 

e:fficiency; 
3. and, to identify opportunities wbich ifimplemented -vvill reduce Zamorano's utility 

costs. 

\Vb.at is Energy E:fficiency 
Definition 

Energy e.fficiency encompasses al! changes that result in a r~duction in the energy 
requ"ired by any activity (heating, lighting, manufacturing, or a proce_ss). T7~is 
reduction in energy consumption is not onlv due to technical changes since a 
change in organization. andlor management of activities Jnay result in reduce.d 
e!~ergy use by that entity. 

Severa.I words have been underlined because they are extremely important. Achieving energJT 
efficiency always involves change. And, those changes m·e a combination ofboth technical and 
behavioral changes. 

There are three additional things that I want to ernphasize: 

.. that by definition, energy e:fficiency is not a state of being but an unending and ongoing 
process of achievement; 

.. that energy is everyone' s concem; 
"' and, that energy is a manageable expense, and can be managed like other organizational 

expenses. 

\Vhat is different about an organization that moves toward energy efficíency? 

First of a.Il, it is an organization that successfully fosters an "energy efficiency culture", and 
even more specifically, it is an organization where energy is managed just as every other aspect 

--- -- -Oflne orgamzation· is máñagect "Tákenfogether rt "ineans that energy effic1ency rs fue result O:r 
energy managment and energJr effi.ciency is achieved wben all people in the organization have a 
cotrrr::hitment to it. 

1 _, 

-~;:Y'Jhi~ a::re the Potential Benefits of Energy Efficiency? 

The o]j~t:ious and general benefits are: 
.. reduced utility costs (in Zamorano's case, possibly e]ectrical selfsuffi.ciency); 
e reduced maintenance costs; 

1 



• reduced enviromnental impact; 
• a reduction in a country's energy imports (speci:fically oil). 

And, in Zamorano's case there are many additional benefits: 
• it pro vides community leadership 1; 

• it is consistent with Zamorano' s motto of 'leaming by doing'2 ; 

:- • it will·enhance Zamorano's academic and pracfJcal programs3
; 

-~ • and, i(will in crease Zamorano' s ~bility to attract outside fi.ibding. 

How does Zamorano become Energy Efficient? 

It begins with the Zamorano administration. It !s important that the administration provide the 
leadership and support so that energy efficiency can flourish. Leadership and support will be 
:iinportant for all aspects and at alllevels of the organization. 

Measure 
Monitor 
Justi.fy 

Understand 

Administration 
Leadersbip & 

Support 

Theory 
Method 

Understanding 

Theory 
Method 

Understanding 

Spheres of Influence Impacting Energy Efficiency 
Figure 1 

1 As Zamorano becomes more energy efficient, Zamorano will be knmvn as the 'Center of Excelience' for energy 
efficiency and renewable energy tecbnologies. A logical extension of fuese pructices is the development of an 
outreach program on energy efficiency and renewable energy technologies. 
2 Zamorano' s motto of 'learning by doing' is entirely appropriate. Energy efficiency cannot be imported it ínust 
be implemented by the users! 
3 Sin ce the implementation of energy efficiency and the use of alternative and renewable energy sources will have 
student involvement, each academic program will be expanded to include the study and practica] operation of energy 
efficiency and renewable energy technologies. 
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Figure 1 illustrates sorne spheres of influence at Zamorano as they impact energy efficiency. 
The diagram indicates that there are many spheres of influence within an organization and only 
when they work together (the overlapping portian) will energy efficiency become a reality. 
From an energy management point ofview, all spheres ofinfluence are interlinked. 

What are the oppQrtunities for energy saviiJ.gs and how long will it take? ._ . . -... ..... .... - ..., 

n is risky to make :i5redictions at this time. It O.epends upon the current state ofenergy efficiency, 
the restraints on the organization, the availability of altemate energy sources (both non
renewable and renewable), the funds available for a program, the ep.thusiasm ofthe organization 
for energy efficiency, the ability ofthe organization to make a change and many other factors. 

In spite of all ofthe above, I think that it would be possible to reduce Zamorano's utility costs by 
up to 40% o ver a 1 O year _period. Sorne of fuese reductions would be the result of operational 
changes; sorne would be the result of technical changes and sorne could come as a result of 
introducing renewable energy technologies. 

What might be examples of operational changes that may result in reduced energy use? 
l. the introduction of a checklist for building shutdowns; 
2. rescheduling of non-critical daytime electricalloads so as to reduce electrical demand; 
3. a review of utility bilis to detect possible billing errors; 
4. the introduction of a preventativemaintenance program; 
5. and, regular recording of plant and building utility inputs and the introduction of 

benchmarking. 

Examples oftechnical changes could be: 
·l. installation of utility meters to all plants and buildings (this to be done in conjunction 

with #5 above); 
2. installation of newer more energy efficient equipment; 
3. discontinue the purchase of incandescent bulbs in favor of compact fluorescent bulbs; 
4. installation of T8 fluorescent bulbs in favor of the existing Tl2 bulbs and more 

appropriate placement of fixtures 4; 

5. install solar water heating where appropriate and practical; 
6. install photovoltaics where appropriate and practical; 
7. install biodigesters where appropriate and practical; 
8. install a small hydro system. 

What are the potential challenges of implementing energy efficiency? 
In the arder of difficulty: 

• the human factor of introducing change within an organization; 
• maintaining enthusiasm for the program; 
• maintaining a reduced level of energy usage; 
• locating funds to implement the program. 

4 I note that (as with all other buildings in the world) light fixtures are mounted on the ceiling rather than where the illumination. is required. 
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How does Zamorano get started on an energy efficiency program? 

• 
• 
• 

by fommlating a vision; 
by promoting the vision; 
and by providing the conditions by which the vision can be real.ized . 

:- :-

I haY-e formulated a vision ~d- strategy by which th~ vision can be real.ized. l\.ttached to this 
do-cu.ffient are two flow charts. Chart 1 outline.s a 4-year Zamorano strategy. Chart 2 provides an 
expanded \riew of phases 1 and 2. · 

And, tmally: 

The im.plementation of energy management is an on-going activity, it will never end, but 
eventual.ly it Virill become a 'nonnal.ized' activity, as are al.l other Zamorano activities. It is 
importa.n:t that energy management be appropriate and sustairiable fo; fue organization. Por this 
to happen the plan and applitation must include all people and levels of the organization and 
meet fue needs of the organization. I arn sure that my strategy will have to be modified 
somewhat to suit your situation. Regardless of the adopted strategy, modifications will be 
required from time to time in order to maintain currency and appropriateness. 

U se Zamorano' s motto - "Leam by doing". 
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Energy Efficiency 

Presenta.tion 
Wednesday Sept 262006 

My role here is: / 
l. To investigate the potential fór energy reduction and renewable energy sources 

/ 
for Zamorano. / 

2. :.To assist in t]le develop¡n~nt of a strate_gy that will move Zamorap.o toward . 
:energy efficÍ:ency and; . -- - :_ ~ 

3. To identizy 6-pportunities which if imptemented will-reduce ZamÓrano' S utility 
costs; 

YVhat is Energy Efficiency 

De:fmition 

Energy e.fficiency encompasses all changes that result in a reduction in the 
energy required by any activity (heating, lighting; manufacturing, or a process). 
This reduction in energy consumption is not only dueto technical changes since 
a change in organization andlor management of activities may result in reduced 
energy use by that entity. 

Several words have been underlined because they are extremely important. _Achieving 
energy e:fficiency always involves change. And, those changes are a combination of both 
technical and behavioral changes. 

This leads to the statement that; ((Jt is not possible for an organization to reach a stable 
state of being Energy Efficient". This is because what may be the least amount of energy 
use for an activity today may not be the same tomorrow because of other factors that have 
changed. 

Energy Efficiency therefore by definition is not a state of being but an unending and 
ongoing process of achievement 

Who is Responsible for Energy Efficiency? 

Everyone at Zamorano is responsible because everyone at Zamorano controls the use of 
energy. The principals and management promote energy e:fficiency programs and also 
controls his/her office lighting and length of time the computer ·is on. The maids control 
apartment daytime energy use (lights, fans refrigerator and TV), the students control energy 
use in the laboratories and dormitories, Instructional sta:ff control o:ffice and classroom 
energy. Administration uses energy and also have control over financiar decisions regarding 
ériergy, Plant managers hive tlie ability to analyze energy densit1es he:rice make informed 
decisions regar9-~ñ_g plill)t opera,tion and }he pu,:¡:chase of energy:- effi..9.imt equip_:W..<:1J:lt. 
Maintenance persoiroel have a very large imp.i:tct on energy use as well-inaintained equipment 
is more energy efficient and has a longer life than poorly maintained equipment. An 
organization moving toward energy efficiency involves all sta:ff and the more they co-operate 
the more effective and successful the management of energy will be. The diagram on page 2 
shows this more e:ffectively. Each circle represents a group of people at Zamorano. Each 
individual group has their sphere of influence and goals. The diagram illustrates that only 
when all ofthe groups have the same goal (the intersecting area) will effective change occur. 
The more fue circles overlap the more effective the program. There is a human side to 
energy efficiency and this can be one of the greatest challenges in reducing energy use and 



•. 

maintaining that reduced energy use. An organization moving toward energy efficiency must 
foster a culture of energy efficiency, and it is the task of the energy manager or the energy 
management committee and administrat~on to promote and instill that culture. 

:. 
-~ ·-

What are the Potential Bene:fits of Energy Effi.ciency at Zamorano 

• Reduced utility costs 
" Reduced maintenance costs 
• Community leadership 1 

• Consistency with Zamorano's motto oflearning by doing 
• Enhancement of el Zamorano academic and practical programs2 

• Assist in reducing the N ations need for importing non-renewable energy 
· • Reduced environmental impact · 
• Ability to attract increased outside funding 

What are the Potential Challenges of Implementing Energy Effi.ciency? 
Inthe order of difficulty 

• 
• 
• 
• 
• 

The human factor of introducing change within an organization 
Maintaining enthusiasm for the program 
Maintaining a reduced level of energy usage 
Locating funds for an energy manager/committee 
Locating funds for technical changes ( equipment) 

• 
• 

Próvidíng fraii:ring t:_or al1 Zainorano staff _ _ 
Im.plementing energy e:fficiency information iii.to the existing currículum 

-. _. 

What is the Opportunity for energy savings and how long will it take? 

As Zamorano becomes more energy e:fficient, Zamorano will be known as the 'Center of Excellence' for 
energy efficiency and renewable energy technologies. A logical extension of this expertise is the presentation 
of seminars on energy efficiency and renewable energy technologies. 
2 Since the implementation of energy efficiency and the use of altemative and renewable energy sources will 
require student involvement, .each academic program will be expanded to include the study and practice 
operation of energy efficiency and renewable energy technologies. 

-
~ 

-. ' 



It is risky to make predictions at tbis time. It depends upon the current energy e:ffic:iency, the 

restraints on the organization, the availabilíty of alternate energy sources (both non 

renewable and renewable), the funds available for a program, the enthusiasiam of the 

organization, the ability of the organization to make a change and many other factors. 

In spite of al1 of the abo ve, I thirik that it would be possible to reduce Zamorano' s utility 

costs by up to 40%. Some ofthese reductions would be the result of operational changes (i.e. 

plant s-ºheduling); sorne would Q.~ fue result of technical c_b.anges (newer and more ._~:fficient 

eqliipllient) and sorne could com'e as a result of introducmg reiiewable energy tec~ologies. 

Sorne of the changes would be hl&;h pro file and sorne would..__be less evident. .._-_ 

The program will be on going. In time energy e:fficiency will not be seen as a program, it 

will become part of the normal operation as are other · functions, such a budgets; and 

equipment maintenance. 

'\Vhat are e:xamples of activities that will result in reduced energy use? 

Examples of Operational Changes might be; (no cost or low cost) 

l. The :introduction of a check:list for plant equipment and lighting shut down. 

2. Rescheduling of non-critical daytime electrical loads so as to reduce electrical 

demand 
3. A change in supplier offuel oil, propane or other fossil fuel 

4. A review ofutility bilis to detect possible billing errors. 

5. 'Where heating equipment has the ability to use an alternate fuel, a switch to a less 

expensive fueL 
6. Introductíon of a preventative maintenance program. 

7. Regular recording of plant and buildmg utility inputs and the introduction of 

benchm.arking 

Examples ofTechri:ical Changes might be 
l. Installation of power factor correction 
2. The testing and repair of all steam and compressed air leaks 

3. The detection and repair of all plant piping water leaks 

4. The detection and repair ofunderground water pipe and supply pipe leaks 

5. Installation ofutility meters to all plants and buildings (this to be done in conjunction 

with #7 above 
6. Discontinue the purchase of incandescent bulbs in favor of compact fluorescent bulbs 

7. Installation of T8 fluorescent bulbs in favor of the existing Tl2 bulbs and more 

appropriate placement of fixtures3 

8: Installation of sky lights where possible 

9. Install.ation of insulated storage tank-s to utilize waste process heJt water for other 

applications. ~ ~- ,· 

1 O. Sourcing of more::energy e:fficient process ei.Juipment when replacemejJ.ts are required 

11. Installation of timers and light sensors on lighting and other equipment 

12. Install solar water heating where appropriate and practical 

13. Install Photovoltaics where appropriate and practical 

14. lnstall Biodígesters where appropriate and practical 

15. Small scale Hydro Installation 

3 I note that (as will al1 other buildings in the world) light fixtures are mounted on tb.e ceiling rather than 

where the illurnination is required. 



Examples ofManagement Activities/directives facilitating Energy Efficiency 

l. The endorsement of an energy efficiency program 
2. The development and endorsement of short and long term energy efficiency goals. 
3. A campus wide advertisement of energy efficiency accomplishments. 
4. Allo~tiop of:funds for energy.~ffic.;i.encyprojects ._ ._ 
5. Acti~e s~urcing of outside· furi~gjor energy efficiency proj~cts 
6. The :trnplementation of internar-incentives for energy efficiency 
7. Prov:tding·nUm.an resources. 

Where do tb.e Funds come from? 

There are a variety of funding sources. The easiest are those :funds that are a result of "no
cost" operational changes. Sorne organizations are able to self-:finance a program. That is -
no-cost opportunities are identi:fied, implemented and the resulting savings are ea.n:D.arked for 
energy efficiency projects that require fund.s. Remember - savings are continuous and 
increasing once a program has been implemented. Zamorano may wish to include an Energy 
Efficiency line ítem in the annual budget. I also understand that extemal aid funds are 
available. And, I think that many countries (Canada included) are positively disposed toward 
the allocation of aid funds for visible energy efficiency projects (solar, wind, hydro, biogas 
etc.) 

What about Training? 

All Zamorano staffwill require training, but it must be appropriate for the job function. Plant 
managers, instructors, and technical maintenance staff will require technical training; 
administration will require opportunity awareness trai.r:iing. Even cleaning staff will require 

. . 4 trammg. 

- ·• . 
-- ..._ 

-. -· -. 

4 It has been shown that awareness training for hotel cleaning staff results in considerable energy savings if 
they consistently shut off alllights, TV's, and refrigerators upon completion of daily room maintenance. 

' 
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