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ABSTRACT

This paper sets out features of traditional Energy Key Performance
Indicators (KPIs) employed in energy management programs;
then, new indicators are proposed based on Advanced Metering
Infrastructure (AMI) usage. These indicators make it possible
to directly relate the amount of energy, type of end use and
user consumption patterns. Analysis of AMI system information
enables planning for differentiated Demand-Side Management
(DSM) strategies. A case study developed at Universidad Nacional
de Colombia - Bogotd campus is presented, which proposes
new Energy Key Performance Indicators in Real Time. These
indicators enable information analysis and DSM strategies that
are appropriate for new technologies and that are aimed at
increasing energy efficiency. Additionally, this paper presents the
factors that have to be taken into account when implementing
KPIs (Key Performance Indicators) and the decision-making
process. This results in variable overall energy savings between
5 and 40%, according to the DSM strategy implemented.
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RESUMEN

Eneste articulo se presentan las caracteristicas de los indicadores
energéticos utilizados tradicionalmente en programas de gestion
de energia; luego, a partir del uso de infraestructura de medicidn
inteligente (Advanced Metering Infrastructure — AMI) se proponen
nuevos indicadores que permiten relacionar directamente la
cantidad de energia, el tipo de uso final y los patrones de consumo
de los usuarios. EL andlisis de la informacion proveniente del
sistema AMI permite plantear estrategias diferenciadas de gestion
de la demanda. Se presenta un caso de Estudio en el campus
universitario de la Universidad Nacional de Colombia — Sede
Bogotd, donde se proponen nuevos indicadores de desempefio
energético en tiempo real que habilitan el andlisis de la informacidn
y la implementacion de estrategias de gestién de la demanda
adecuados a las nuevas tecnologias y orientados al aumento de
la eficiencia energética. Este trabajo presenta los factores a tener
en cuenta para la implementacién de KPIs (Key Performance
Indicators) y la toma de decisiones que permiten obtener ahorros
globales de energia variables entre el 5y el 40 %, de acuerdo a la
estrategia de gestion de demanda implementada. Esta metodologia
es aplicable a edificios con diferentes usos finales de energia.
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INTRODUCTION

Electric energy end-use applications are being updated due to the
advent of new technologies such as Smart Grids (SG), that provide
added value to services and make it possible to face challenges
such as online DSM [1],[2]. A critical feature of new electric power
systems is the handling of two-way customer information that
enables active participation by customers [3],[4]. This makes it
possible to create new scenarios for functionalities such as DSM,
which comprises several strategies aimed at modifying consumption
patterns from end-user customers connected to SGs. One of the
tactical objectives of DSM is efficient energy management [5].

The potential role that Information and Communication Technology
(ICT) can play in improving the energy performance of buildings
has been recognized worldwide [B6]. Several studies support the
view that the use of Smart Metering Systems can increase energy
efficiency [7]. However, adequate metering is required in order to
understand the base performance level to ascertain the current
efficiency of the process [8].

Energy efficiency improvement is a common target of ISO NTC
50001 energy management systems [9],[10] and to determine

THEORICAL FRAMEWORK

Due to global warming and the energy shortage, energy consumption
and efficiency has become a popular research topic. The energy
management and savings achieved from KPI use in study cases is
still being researched and are different for each building, industry
or equipment. The availability of monitoring and control systems
are essential to increasing efficiency; for example, building energy
management systems (BEMS) are fundamental to achieving
this goal. Cases with the following energy savings have been
documented: 50% in industrial process including motors, heaters and
other power facilities, 21% in Companies that have HVAC systems,
artificial lighting systems and office automation equipment [11].

KPIs have always been necessary to measure, verify and optimize
energy consumption, even if there are no automatic control systems
[12]. In buildings that comprise different uses, the energy indicators
make it possible to know and detail the consumption in order to
increase efficiency [13]. Currently, the implementation of energy
KPIs is very common within energy-intensive industries and different
buildings. In any case, deciding on which energy KPIs to use can be
a difficult and time-consuming process. However. benchmarking
energy consumption could be a solution to standardize energy
management in terms of quantity and quality [14].

Worldwide, the implementation of KPIs is crucial to the application
of energy audits [15],[16] and obtaining ISO 50001 certification.
Measuring the energy consumption of a process makes it possible
to assess the optimization potential and helps visualize verifiable
benefits from improvement measures. The development and
application of energy efficiency indicators depends on the purpose
for which they will be applied. Usually, the indicators are ratios
describing the relationship between an activity and the required
energy [17]. In Europe, there are specific directives for improving
building energy performance, taking into account local conditions
and cost-effectiveness [18].

the dynamics of user consumption according to the type of load
at any time.

In this paper new KPIs, which are suitable for new available
technologies, are proposed, aimed at DSM implementation
strategies. These indicators seek to quantify energy consumption,
portraying them under different aspects according to the time of
day. Based on the analysis thereof, we determine which strategy
should be used for each case in order to bring about change in
consumption patterns. A case applied at the Universidad Nacional
de Colombia -Bogota campus facilities is studied.

Firstly, a theoretical framework is presented that enables DSM to be
related to KPl uses. Also, it justifies the use of indicators in real time.
Then, the values obtained from traditional indicators are presented,
for the case study, specifically for one of the campus buildings.
New KPIs based on AMI are presented and the results obtained are
analyzed. Based on this, the results in percentage energy savings
are quantified for each DSM strategy.

ADVANCED METERING INFRASTRUCTURE

An AMI system integrates hardware and software elements to
form a smart metering-based communication infrastructure,
which allows two-way communication exchanges and Real-time
recordings [19],[20]. Elements of the system interact with each
other in a trustful, flexible and efficient way to enable end-users
to interact with the utility (SmartGrid.Gov) [21]. AMI systems are
formed by four core elements: 1) a smart meter, 2) data controller,
3) communication network and 4) data management system.
The meter has features that make it possible to collect and
transfer consumption data to relevant agents. The communication
infrastructure also makes it possible to transmit information so that
amanagement system can analyze it and make decisions about the
data observed; also, it is used for processing, storing and distributing
the information among agents. Figure 1 shows this general system.

Smart meters: At the bottom of the infrastructure, there are
smart meters. They can be installed directly into the user's
home or in place outside through a meter in a centralized unit.
In this latter case, the information measured is supplied to the
user through a display that is located at her/his home.

+ Communication infrastructure: The transmission of information
from the meter to the management system can be performed
through two distinct pathways: 1) directly from the meter to a
management center and 2) through a data controller receiving
information from a set of meters and then transmitting it
to a management center. In both cases, communication
technologies through both wired and wireless are used. Also,
communication infrastructure includes the tools, resources
and working methods necessary to ensure the cybersecurity
of the information in the system.

Management of data from the metering: It is composed of two
main parts: 1) Meter - management of the measure, which
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influence on end-use consumption
patterns.

Awareness of good practices: Good
practices related to energy end-use
can be taught through educational
campaigns and disclosure mechanisms.

ENERGY PERFORMANCE INDICATORS

To assess the energy performance of
organizations, processes and buildings,
specific KPIs are employed to indicate the
intensity of energy consumption per unit of
reference. These indicators relate electricity
consumption with factors such as amount of
manufactured product, amount of delivery
service or built area [26]. For every applied
case, an indicator is prepared in accordance
with specific demands of the process [27]-
29]. Energy efficiency improvement has
been reported worldwide, supported by the

Cybersecurity

| Communications infraestructure

use of specific indicators for each production
sector [30]-[33].
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Figure 1. General overview of an AMI system (Adapted from Téllez Gutiérrez,

Rosero Garcia, & Céspedes [22]).

deals with the reception and transmission of data into and out
of the device and 2) Meter Data Management (MDM) that carries
out the information storage and processing functions. The loop
inside the MDM represents the operation-related data that
permanently travel around the communication infrastructure.

DEMAND-SIDE MANAGEMENT: VOLUNTARY RESPONSE

Some strategies that are mainly based on client’s voluntary response
may lead to consumption patterns madification, taking as a basis
the availability of consumption information to carry out educational
campaigns and public disclosures of historical consumption values
and projections [23]-[25]:

Consumption information display: AMI systems allows user
on-line access to consumption information and comparatives.
Information sharing: periodic disclosures of consumption
information and comparative savings for each building or end
user cluster fosters client's involvement.

Impact of quantification and disclosure: Energetic, economic
and environmental impact quantification associated with
programmed-and-made energy savings exert a positive

consumption system is consistent with
planned targets is determined by KPIs. Also,
it must be possible to monitor KPIs at time
intervals that are congruent with energy
regulations [34]. KPIs must have some
essential features [35]:

Smart
Meters

Relevance: they must be able to
describe the achievement of goals
correctly

Availability: they must be calculated
based on the available information

+ Simplicity: they are reachable for whoever interprets them

+  Validity: they are formed by parameters that correlate
substantially

+ Specificity: they actually reflect what needs to be measured

+  Reliability: they come from reliable data

+ Awareness: they identify several situations through changes
to them

+  Suitability: to a sufficient extent to be assessed

+  Explicitness: Ability to fully express what they estimate.

TRADITIONAL INDICATORS

Traditional energy indicators cannot be correctly applied to all
type of energy end-use; nor do they satisfy all listed features as
set out above [36]. An example of this is monitoring the energy
consumption and efficiency of a building used for educational
purposes. Traditionally, monthly energy consumption information is
used to calculate KPIs that relate such energy per built area (kW.h/
m? a month). The results register changes in monthly energy value
per each area studied. Nevertheless, these indicators do not take
account of determining factors in consumption patterns such as time
of day, end usage of the area or the number of people who occupy it.

CT&F Vol. 10 Num. 1 June 2020 7



Vol. 10 Num. 1 June 2020

An Energy vs. Production curve that makes it possible to assess an
industrial consumption baseline, does not have a straight application
to a university campus building, due to the fact that there is no
product directly correlated with energy consumption in educational
processes. A monthly period analysis is a very wide time window
compared to consumption changes. In conclusion, traditional KPIs
are not adequate for the purpose of estimating energy savings nor
supporting consumption decision-making processes due to that
they do not comprise interdaily follow up in terms of load changes

PROPOSED INDICATORS

Correct energy monitoring for a building, which is supported by
smart metering, makes it possible to establish new Energy Key
Performance Indicators in Real Time (eKPI ;). They include factors
such as actual occupancy of the area under study and the energy
end-use.

An indicator may involve the number of people present in the
allocation where consumption has been measured to ascertain
the consumed power (P) per each user on an interdaily basis, as
presented in Equation 1.

Consumed Power [kW]

eKPI (P)gr = Number of people

(1)

Equation 2 shows a new indicator that relates energy (E) consumed
by each energy end-user (hall lighting, offices, rooms, ancillary
services) with the total energy for the building. This value can be
found for each hour of the day to reveal consumption patterns.

[%] (2)

Energy end—use [KW.h]
eKPI (%E =
( )RT Energy total [kW.h]

Once a consumption dynamic is assessed for each energy end-use,
itis possible to develop DSM strategies and different savings targets
(A) for each one of them, as presented in Equation 3:

eKPI(A) pr=Savingeng—yse[%]* Eena—uselkWh] (3)

EXPERIMENTAL
DEVELOPMENT

CASE STUDY: UNIVERSIDAD NACIONAL DE COLOMBIA
BOGOTA CAMPUS

The Universidad Nacional de Colombia—-Bogota campus comprises
an area of 1,213,500 m2 and 125 buildings. The electricity network
consists of an area of 8.5 km that interconnects 35 substations
through 37 lines [37]. There are several electric energy end-uses;
there are several types of end-user: students, teachers, managers
and support staff. The dynamics of daily energy consumption are
different in each case. It is important to mention that the university
community does not pay directly for consumption; generally, they
do not have an awareness of energy payments. A culture of saving
is catching on thanks to the implementation of DSM programs.

Laboratorio Nacional de Redes Inteligentes (LAB+i—National Smart
Grid Laboratory) has been rolled out into Universidad Nacional de
Colombia, Bogotd campus. The SG platform system, in accordance

with Figure 2, enables energy management in real time. It acquires
and shares on-line information so that a user can become aware of
her/his energy behaviour [38].
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Figure 2. Smart Grid Reference model (Adapted from [39]).

METHODOLOGY

In order to perform analysis of information as well as to set up
indicators, a methodology had been defined on the basis of data
available from LAB+i, as shown in Figure 3. It is appropriate to
clarify that data filtering should be carried out to remove incorrect
data in each case.

Energy comsuption
historical study

Establish traditional
indicators

Decrease analysis time window,
include another variables

]e

v

Propose DSM
Strategies

Figure 3. Methodology for establishing valid indicators
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The aim of experimental development is to control the variability
of random processes in energy consumption [40]. There are
non-controllable variables at the root of this variability, thus the
responses from consumption patterns should be studied in clusters
(such as months, days of the week, type of end-use consumption).
The relevance of the variables in each indicator shall be validated
by a correlation analysis () x,y).

RESULTS

TRADITIONAL INDICATORS

Educational facility analysis in relation to monthly consumed energy
is associated to indicators that study global patterns, but that
leave out the possibility of monitoring relevant factors as part of
energy management. Figure 4 presents energy and power values
associated with university campus total consumption.

The monthly consumed energy value reflects a relatively high
standard deviation, 28%. This variation is present due to several
causes. For example, Easter (in April) was included, as were June's
two week-long vacation for everyone resulting in a significant
reduction in consumption (Easter is not celebrated by Colombians
even though they celebrate “Semana Santa” that is indeed an entire
week of religious celebrations and very often teachers, students,
managers and support staff are given the entire week off from
work). A monthly energy indicator does not enable these type of
direct inferences because the observation time window is too wide
in contrast with changes in consumption patterns.

Also, Figure 4 shows a value for instantaneous power consumed per
each month. It can be observed that this value has a high correlation
with monthly consumed energy (Annual correlation =0.48). For
example, February reflects the highest monthly energy consumed

Ecopetrol

per year (25814.29 kWh); instead, maximum power consumed
was 1780 kW, the lowest of the year. In contrast, June reflects
lower consumed energy monthly (8137.15 kWh and the greatest
instantaneous power value (2427 kW).

INTERMEDIATE INDICATORS

Savings targets can be established with historical daily energy
consumption, then fulfilment can be evaluated with smart metering
systems. This is the case with the #AhorraUN proposed program
by the Oficina de Gestion Ambiental. Universidad Nacional de
Colombia - Sede Bogotéa in 2017 [41], which set a total savings
target of 10% for the campus during 2017 (according to 2015). To
follow up on target fulfilment, historical consumption data was
filtered for each day of the week (Monday, Tuesday, etc.); also graphs
with a target line have been prepared. Figure 5 shows daily graphs
including the target line, actual consumption and the perceptual
difference between them. This is a graphical intermediate indicator
that enables verification and documentation of target fulfilment, but
does not make it possible to identify specific savings opportunities.

Campus buildings provide various services, and load has a particular
composition: a building may have class rooms, offices, laboratories,
libraries, among other spaces. With AMI system availability for
each building, through KPIs it is possible to assess each building's
contribution to total consumption at the campus, as Figure 5 and
Equation 4 show.

P building [kW]
P campus total [kW]

%100 (4)

% Pbuilding =

Each building's contribution to total power consumed relative to the
campus total is variable, and also it does not depend on the size of
the area nor the nominal installed power. In Figure 6, you can see
that in each case consumption patterns are different: the Economics
building's (blue line) primary usage relates to classrooms,

University campus total consumption

I Total Energy per Month

30000

25814,29
25000
20000

15000

10000

Consumed Energy (KWh)

5000

= Maximum Instantaneous Power

Maximum Power (KW)

March

January

February May

June July August  September  Ocotber

Months of the Year 2017

Figure 4. University campus total consumption - energy and power values
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the Engineering building (green line) has
classrooms and administrative offices, in
contrast to the Chemistry laboratory (red
line) which has a pilot facility with laboratory
equipment for the purpose of teaching and
research. It is evident that consumption
patterns vary according to day of the week
and the usage that each building has;
nonetheless, itis possible to identify the time
at which more energy is consumed, though
there is not enough information to impact
on consumption patterns.

PROPOSED INDICATORS

Based on the availability of information
concerning building on-line consumption
and building on LAB+i database interaction,
there are new Energy Indicators that make it
possible to analyze interdaily time windows,
also which include information directly
associated with consumption patterns.

The eKPI; presented before in Equation 1
could be calculated for different conditions.
The number of users has been obtained
from system-reported information from
the number of user internet connections. In
relation to the campus in Figure 7, campus'
overall consumption eKPI_ is shown for a
typical week. It is evident that consumption
characteristics are associated to bad
practices that represent improvement
opportunities: both the quantity of users and
consumed power between 9 pm and 6 am
(interval during which no academic activities
are carried out at the University) reflect a
higher indicator value than expected. Also,
it is observed that the eKPI_; value does
not stay constant, showing that campus
users present different energy consumption
according to the hours and day of the week.

A detailed study of the dynamics of
consumption at the university campus
has been conducted as a base case in
the Engineering Building (453) due to
this building presenting different end
uses, such as for administrative offices,
classrooms, auditoriums, ancillary services,
among others. Controlled experiments
(relating to switching on-and-off) have
been carried out in order to assess the
perceptual participation of each type of
load relative to total building consumption,
taking into account the electric system's
actual use. For example, lighting and loads
such as computers and printers are used
simultaneously in offices.

Historical building consumption has been
analyzed for three typical months. Similar
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Figure 9. eKPI(E),, contribution to total energy for each end-use
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Figure 10. eKPI(E),, contribution to total energy for each end use (Friday)

consumption behavior had been found
from Monday to Thursday, with a variation
in average daily energy consumption of
2.54%. Friday shows a different dynamic of
consumption due to the fact that, on that
day, there are no scheduled classes after 2
pm and administrative offices close at 4 pm.
On Saturday, there are academic activities
until 2 pm. Sunday is a day of rest. Daily
consumption profiles are shown in Figure
8: a significant drop is observed during the
middle day from Monday to Thursday. This
is caused by workers who turn off lights
and turn computer equipment to low-power
modes while they have lunch. This action has
been accomplished thanks to energy-related
educational campaigns.

The eKPI_, proposed in Equation 2 shows the
dynamic of daily consumption associated to
each end use. Figures 9 to 11 show each end
use's interdaily contribution for the week.

InFigure 9, it is shown that energy consumption
is related to the particular activities for each
hour. For example, ancillary services start
activities at 6 am; near midday, additional loads
such as microwaves and copy machines are
used. From 6 to 8 pm auditorium and classroom
loads are used while office loads decrease.
In terms of the overall average per day, the
auditoriums' energy consumption is 3.5%, office
consumption is 18%, lighting consumption is
25.1%, classroom consumption is 23.8% and
ancillary service consumption is 29.6%.

Figure 10 shows Friday's demand. Consumed
energy in office hours is 64%; the remaining
36% is consumed during non-office hours.
Analysis of different final uses shows changes
every hour of the day. Some cases stand
out, such as ancillary service consumption
reaching 14.6% (75.65 kWh.) from 5 pm to
6 am.

CT&F Vol. 10 Num. 1 June 2020 I 11
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Figure 11. eKPI(E),, contribution to total energy for each end-use (Saturday)

Figure 11 corresponds to Saturday consumption. It is evident that
some loads increase, such as ancillary services.

A comparative analysis of these daily consumption patterns makes
it possible to infer information related to consumption:

Each end customer's contribution is not directly proportional
to building total consumption during every hour of the day.
Different loads are used according to the specific necessities.
Primary consumption of energy is not only associated to
teaching activities. On the whole, classroom (orange strip)
and auditorium (red strip) associated consumption is less than
ancillary services (green strip) consumption.

+  Energy consumption in office hours versus non-office hours

does not align with prospective expectations. This indicates
that high energy consumption is present in early hours in offices
and for hall lighting.
Dynamics for auditoriums and classroom consumption vary
simultaneously with class hours. Office consumption depends
basically on the office schedule. Energy waste associated with
ancillary services does not follow predictable patterns and
varies during the day.

RESULTS ANALYSIS
ENERGY KEY PERFORMANCE INDICATORS IN REAL TIME

The case study presented for the Universidad Nacional de Colombia—
Bogota campus, can be taken as specific documentation that serves
as areference for the preparation of new energy indicators, such as
eKPl... In order to develop new indicators, we propose:

Understanding the parameters that influence the dynamics of
consumption: end usage of the place under the study, day of
the week, hour of the day, among others.

DEMAND-SIDE MANAGEMENT
STRATEGIES

Given the information provided by eKPI_,
different strategies can be proposed to
modify each end use consumption pattern.
Itisimportant to recall that everyday people
on campus do not pay for their consumption

directly; therefore, DSM strategies must be different to traditional
programs based on time variable rates [42]. Other mechanisms and
actions are proposed:

+ Optimization of energy consumption per user: As shown in
Figure 7, this KPI has high variability for different times of the
day. It is logical that a group of users does not consume the
same amount of energy every hour of the day. For example, in
the evening, lighting can increase consumption levels. Table
1 groups average eKPI_. values by different hourly segments
of similar behavior.

Table 1. Average eKPI_: Power consumed vs.
number of users

5 Hourly Measured  Expected Difference
ay seqment average value .
9 [kWh/user] [kWh/user] (%]
Mondayto 800 - 16:00 0.57 0.54 8
Thursday 16:00 - 19:.00 0.60 057 3
19:.00 - 800 0.66 0.54 12
Friday 800 - 16:00 0.70 0.54 16
16:00 - 19:00 0.66 0.57 9
19:00 - 800 0.60 0.54 6
Saturday 800 - 16:00 0.62 0.54 8
16:00 - 19:00 067 0.57 10
19:.00 - 800 0.74 0.54 20

The detailed analysis of the relationship between power consumed
vs. number of users provides evidence that in working days, towards
the 4 pm, the number of occupants at the campus decreases at a
significantly greater ratio than energy consumption. This might
happen because after people leave their work and study areas, they
leave the lights on and the computers and devices connected to the
grid. This represents a power-saving opportunity. There are arange
of potential savings opportunities (of between 3% and 20%) for the
different hourly segments.

+ Voluntary management: covers all the consumption-related
actions that the user changes voluntarily based on information
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Figure 12.

availability in real time, historical consumption values, public
dissemination and projections, and encouraging an energy
saving culture. Energy educational and awareness campaigns
are needed, which are focused on rational use and good
practices.

In the case study, via educational campaigns, savings of 7.3% were
made at peak times of daily consumption. This represents savings of
4.99% in monthly energy consumption. This was shown previously
in Figure 8. The savings calculations obtained were made by
calculating the area under the curve and are summarized in Table 2.

Table 2. Savings obtained by educational campaigns

Day Daily Savi.t(l,gs obtained
[%]
Monday to Thursday 416
Friday 5.5
Saturday 9.88
Sunday 7.54
Total Monthly Savings obtained 4.99

On-site generation: own energy sources available to meet
local energy needs. This reduces energy requirements from
the electric system. Photovoltaic panels on buildings' roofs
would straighten supply-demand from 10 am to 4 pm, without
associated batteries. Figure 12 shows average consumption
curve for the building under study and a generation curve
that corresponds to the photovoltaic generation which could
be installed in the building. In this way and for the case study,
energy savings of 40.26 % can be obtained, reducing the energy
required from the electric grid.

Energy efficiency: refers to permanent changes regarding
equipment and definitive improvements to a system that imply
immediate and permanent energy savings. Arrangements
made, such as enduse equipment technology replacement
(guaranteeing better efficiency), are included in this category.
Also included are electric infrastructure improvements that

o
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On-site Solar Generation strategy

enable independent and unbundled circuit control. Specific
savings that would arise via replacement of lighting, should
consider not only power consumption but also hours of use.

The results obtained within this case study show that consumption

dynamics vary at different times during the day in both cases, i.e.
the energy value associated with each user and the one associated

Table 3. Effectiveness associated to each DSM strategy

Maximum Monthly
DSM Strategy Effectiveness
[%]
Optimization of energy consumption per user 20
Voluntary management 4.99
On-site generation 40.26

to each end-use. Also, energy consumption profiles are affected
by the day, the week or the season of the year. Table 3 presents
an overview of the percentage effectiveness per month associated
with each DSM strategy.

Table 4 shows a savings case that would be obtained if each of the
end uses decreases perceptually, through different DSM strategies
implementation (without including on-site generation). For example,
during auditorium usage hours there is minimal consumption
flexibility, due to the electric load is associated with lighting, which
is an essential service. There is a 15% reduction proposed for
offices in terms of savings during non-office hours that would be
achieved through voluntary management. By the same token, a 10%
reductionis planned for classroom consumption. In order to reduce
consumption relating to hall lighting during every hour of the day,
infrastructure improvements and technological replacements are
required. Ancillary services need a combination of strategies aimed
at reducing consumption.
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Table 4. Savings vs DSM strategy implementation percent

Auditoriums Offices

Hall llumination

ClassRooms Ancillary Services

Suggested Savings 5% (15 %) (30%) (10%) (20%) Total
Energy savings per month (kW)
Monday to Thursday 17.52 267.80 7470 236.48 588.86 1858.57
Friday 13.84 262.80 378.05 204.53 592.50 1451.71
Saturday 0.00 160.76 21097 61.82 489.84 923.40
Sunday 0.00 87.00 38.62 2569 291.13 442.43
Total 313 778.36 137555 528.52 1962.33 4676.11
Money Saved per month ($ COP)
Monday to Thursday 7,008 107,120 299,162 94,594 235,544 743,427
Friday 5,536 105,120 151,221 81,811 236,998 580,686
Saturday = 64,304 84,389 24,730 195,938 369,360
Sunday = 34,800 15,447 10,274 116,451 176,972
Total 12,544 311,344 550,218 211,408 784,931 1,870,445
[ | The dynamic nature of eKPI_. increases its importance
CONCLUSIONS and validity as performance indicator that enables monitoring of
energy efficiency behavior and related decision making. eKPI_.
implementation enables DSM strategy implementation that makes
[ | On the basis of the case study, an experimental design it possible to modify energy end-users' consumption patterns.

was envisaged that makes it possible to set and validate energy
performance indicators for buildings.

[ | It was discovered, through actual values for energy
consumption, that intra-daily and itemized information on
consumption is needed in order to set KPIs. This underscores the
importance of AMI both to global consumption measurements and
sub-metering processes, in accordance with the end-uses of energy
or particular zones.

[ | The KPIs presented in this paper led to the conclusion
that effective DSM strategies can be deployed with the guarantee
of money savings on energy consumption, notwithstanding that no
intraday differentiated tariffs are charged to the client.

[ | Campus load profile visualization through AMI makes it
possible to create specific KPIs that accomplish aspects that are
needed in order to obtain savings, and also to identify energy savings.

[ | In order to manage demand, it is fundamental to have a KPI
that would make it possible to ascertain, in a dynamic and intra-day
manner, the energy consumption per user; because that is the way to
provide evidence of situations related to poor practices and the need
for technological replacement. In the case study, potential savings
were identified of up to 20% per capita consumption in different
hourly segments.

[ | The implementation of mass campaigns that promote the
culture of energy-saving has a positive impact on users' consumption
patterns. In the case study, the KPlimplemented provides evidence of
daily energy savings up to 5% attributable to this process. Therefore,
energy education can be regarded as a DSM strategy.

[ | The eKPI_, availability makes it possible to properly
estimate potential savings associated with technological
replacement relating to lighting.

The eKPI_.. shows that the dynamics of consumption vary
at different hourly segments of the day in both cases, i.e. energy
value per capita and the one associated with each final-use. This is
why DSM strategies have reached different effectiveness levels and
should be combined to achieve optimum results. In the case study,
energy savings of 5% - and even up to 40% - were made.

[ | Energy savings targets must be proposed in time units
consistent with changes in values for power consumed. When daily
load graph is dynamic, targets must have that interdaily feature.

[ | When a cumulative monthly savings target is defined for
which compliance can only be verified at the end of a period, this
target does not make it possible to assess the factors that influence
savings.

[ | In order to correctly assess the load for a building vs. total
consumption for the campus, it is not sufficient to have information
about its area or installed power; you also need information about
the parameters associated with the dynamics of consumption for
each end use in the building.

[ | Inter-daily and comparative consumption analysis for
buildings makes it possible to find useful information for the electric
system, such as peak demand coincidence. This makes it possible
to predict optimal system operation, addressing the coordination of
protection and the substitution of generated energy.

[ | DSM strategies must consider aspects such as energy
end-use, consumption'’s hourly flexibility and labour dynamics.

[ | Regarding future work in this area, on the basis of the
experimental development envisaged in this paper, it should be
pointed out that it would be appropriate to develop eKPI; to target
industrial processes. It would also be useful to include economic
evaluations in future indicators.
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