LBL-36119
UC-1600

THE USE OF ENERGY MANAGEMENT AND CONTROL SYSTEMS TO

MONITOR THE ENERGY PERFORMANCE OF COMMERCIAL BUILDINGS

Kristin Elizabeth Heinemeiet
Ph.D. Thesis

Department of Architecture

University of California, Berkeley

and

Energy & Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

December, 1994

This work was supported by the Assistant Secretary for Conservation and Renewable Energy, Office of
Building Technologies, Building Systems and Materials Division of the U.S. Department of Energy under
Contract No. DE-AC03-76SF00098, and by the California Institute for Energy Efficiency.






ABSTRACT

Monitored data play a very important part in the implementation and evaluation of energy conser-
vation technologies and programs. However, these data can be expensive to collect, so there is a
need for lower-cost alternatives. In many situations, using the computerized Energy Management
and Control Systems (EMCSs)—already installed in many buildings—to collect these commer-
cial building performance data has advantages over more conventional methods. This method
provides data without installing incremental hardware, and the large amounts of available opera-
tional data can be a very rich resource for understanding building performance.

EMCSs are not typically considered in selecting tools for monitoring. They are considered
untried, and have never been adequately evaluated as an alternative. EMCS monitoring does not
fit into the conventional monitoring paradigm: the methods, limitations, resulting data, and
analysis possibilities will all be different. Thus, assessing its appropriateness for an application
will also require different methods, which have never been spelled out.

This dissertation addresses several of these issues. One specific objective is to describe a
monitoring-project planning process that includes definition of objectives, constraints, resources
and approaches for the monitoring. The choice of tools is an important part of this process. The
dissertation goes on to demonstrate, through eight case studies, that EMCS monitoring is possi-
ble, and to identify and categorize the problems and issues that can be encountered. These issues
lead to the creation, use, and testing of a set of methods for evaluation of EMCS monitoring, in
the form of guidelines. Finally, EMCS monitoring is demonstrated and compared with conven-
tional monitoring more methodically in a detailed case study.

The guidelines were found to be a useful tool in assessing EMCSs for monitoring. Fundamental
differences were found between EMCS and dedicated monitoring: with dedicated monitoring, for
example, quality control is ultimately under the control of the monitoring professional, while that
is not the case when a building’s EMCS is used. In many cases, however, EMCS monitoring is
an adequate substitute for dedicated monitoring.
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I. INTRODUCTION

1. Background

Reduction of energy consumption is essential to maintaining global environmental quality and
national economic stability. Buildings are one of the largest consumers of energy (about 36% of
all US energy consumption, EIA 1992), and have a large potential for savings. Performance
monitoring allows energy conservation to compete fairly with expanding energy supply, by
ensuring that these conservation resources can be measured just as energy supply resources are.
Combined with analysis, monitoring helps ensure that energy savings that are paid for material-
izes, and provides feedback on technology performance to improve that performance. Thus, col-
lecting and analyzing building data can lead to improvement in the performance of conservation
technologies and give greater confidence in them, leading to greater penetration and increased
energy savings. :

Other examples of the important roles monitoring can play in conservation programs and techno-

logies include:

e  Satisfying the verification requirements in third-party financing, shared savings, and
demand-side resource auction contracts.

e  Providing short-term diagnostic feedback to building operations staff during commissioning
of buildings or conservation measures.

e  Providing longer-term operational feedback to building operations staff over the lifetime of
a building or conservation measure, in order to improve operational control.

e  Optimizing the use of energy in response to changing financial, climatic, and operational
environments.

e  Identifying potential conservation measures.

e  Providing a "reality check" in almost any type of energy conservation measure technology
assessment.

e  Demonstrating the performance and potential of energy conservation measures.
s  Providing a detailed baseline for use in energy forecasting and program planning.

s  Tracking the energy consumption of a building or portfolio of buildings to identify build-
ings performing poorly.
e  Metering the consumption of buildings for utility revenue purposes.

Depending on the application, however, effective monitoring can be quite expensive, costing
from three to ten thousand dollars for each site, for equipment (sensors, wiring, dataloggers),
installation, and testing of the data acquisition system (EPRI 1989b). In some applications, the
cost may be even higher. Much of this same type of equipment is likely to be present at a large
commercial or industrial site in the form of an Energy Management and Control System (EMCS).
An EMCS is a computerized control system used to control a building, or some subset of the
energy-using equipment in a building, such as Heating, Ventilation, and Air Conditioning
(HVAC) equipment. If the equipment required for monitoring already resides in a building, in
the form of an EMCS, it would be advantageous to make use of it for any monitoring projects. In
many situations, using in-place EMCSs to collect commercial building performance data may
have advantages over installation of dedicated monitoring systems. Often, an EMCS can collect
the same information that would be collected by a dedicated data acquisition system, but without
having to install additional hardware. In addition to providing the monitoring capabilities of
dedicated data acquisition systems, EMCS-based monitoring can offer different data and



computing capabilities. Hundreds or thousands of data points are typically accessible in an
EMCS. The EMCS also accesses a different type of data—operational data—since it is control-
ling the building. These data may be a rich resource for understanding building performance.
Since an EMCS often contains a microcomputer, it could be used not only as a source of raw
data, but as a data analysis tool,

The attractiveness of using the existing EMCS equipment to carry out tasks that would otherwise

have to be paid for seems intuitive. However, there are many complications that one might anti-

cipate:

¢ One of the most significant concerns is that the monitoring team will not have control over
what is being monitored or the integrity of the data: the system will not necessarily measure
the points that are desired; the sensors that are already installed will not necessarily be well
maintained, well calibrated, or well placed; their reliability and accuracy are likely to be
unknown and possibly unacceptably low; and sensors may have to be added (possibly
through the EMCS supplier).

e  Since collection of energy-use data is a secondary function, the appropriateness of an
EMCS is not guaranteed. Capabilities vary widely, and special consideration will have to
be made for each model, making it difficult to assess these capabilities. This is also prob-
lematic because many conservation programs may require the use of standardized monitor-
ing equipment.

¢  Another concern is that, for certain methods, there will be a need to decipher proprietary
data communications protocols, and proprietary software may have to be used, causing the
potential appearance of bias or of promoting a single supplier. Using many different EMCS
models in a program would also require more training effort.

e  Access to the system is also a concemn. Permission will have to be given to connect to the
system, and there is a potential to interfere with EMCS control functions.

¢  Finally, there is a conceptual problem when the EMCS monitors energy savings from the
installation of the EMCS: can a device monitor itself?

Is the EMCS an appropriate tool for building monitoring? This is not a simple matter to assess.
Although it has been used informally in several different applications, there is little standardiza-
tion of methods used or documentation of this use, and it is not yet considered to be a "tried and
tested" alternative to standard energy-use monitoring systems. Little work has been done method-
ically to distinguish monitoring applications in which EMCSs might be a good choice from those
in which in which it might not. Assessing the use for monitoring in an application requires
addressing two distinct issues: the needs for monitoring tools in that application, and the charac-
teristics of the EMCS in question.

In designing appropriate new tools or assessing the appropriateness of old tools for a new applica-
tion, one needs to assess the objectives of the effort, the basic qualities that a monitoring tool
must possess, the full range of resources available to the effort, and the alternative approaches to
achieving the objectives. For monitoring projects in general, this means understanding the ques-
tion the monitoring is attempting to answer and exactly how it will be answered, the concrete and
abstract characteristics monitoring tools will have to have to be successful in achieving the objec-
tives, the financial and other resources can be brought to bear on the project, and the potential
monitoring and data analysis approaches.



This all assumes that one knows how to assess the available resources. In the case of EMCS
monitoring, however, the tool does not achieve project objectives in the same way as more con-
ventional monitoring methods. It requires using different techniques for initiating and carrying
out data collection; the limitations may lie more in logistical or people-related issues than in
technical ones; and it may provide new types of data—such as operational data—requiring
unique forms of analysis. So, assessing its appropriateness is not a simple matter of comparing
specifications on a "spec sheet"—it requires new methods. These methods have never been
spelled out. Therefore, there is a need for methods for determining if EMCS monitoring is
appropriate for an application, a demonstration of its effectiveness, identification of its shortcom-
ings, and suggestion of ways to maximize its effectiveness.

2. Objectives

This dissertation addresses the gaps identified above by posing the following hypothesis: that an
in-place EMCS can serve as an adequate alternative for long-term, remote, third-party monitoring
for evaluation of energy savings from HVAC retrofits in commercial buildings. This hypothesis is
tested by meeting several objectives. The first objective is to provide a framework for assessing
needs for monitoring tools. While this framework is particularly necessary in assessing the use of
EMCSs as monitoring tools, it can be used by anyone planning monitoring projects or designing
potential monitoring tools. This framework systematically describes the process of planning
monitoring projects. EMCS-based monitoring uses different methods and can provide different
data, so assessing whether or not it makes sense in a given application requires critically review-
ing the basic goals and objectives of the monitoring project, its constraints, the resources that are
available to it, and possible approaches. By clearly describing this overall process, it is easier to
understand where the assessment of EMCS monitoring fits in, and it becomes clear that methods
for formally evaluating tools such as EMCS monitoring are needed.

The second objective is to provide methods for assessing particular EMCSs for monitoring.
These methods will aid individuals who consider using an EMCS for monitoring, or EMCS
designers who would like their systems to be more monitoring-friendly.

The third objective is to demonstrate the use of EMCSs for long-term, remote, third-party moni-
toring for the evaluation of energy savings. Some of these demonstrations provide evidence to
define the methods, and others confirm and demonstrate the usefulness of the methods. They also
identify aspects of EMCS monitoring that are problematic—suggesting areas that require further
devetlopment, as well as aspects that work well—suggesting that this technology warrants further
development.

3. Approach

This dissertation achieves these objectives in five separate steps:

e reviewing EMCS technology and available monitoring tools;

e  analyzing different types of monitoring projects, and determining how their needs can be
assessed;

e  carrying out a progressive series of exploratory case studies of EMCS-based monitoring;

e  defining methods for evaluating the capabilities of EMCSs for monitoring; and

e testing those methods in a detailed comparison of EMCS and conventional monitoring at
one case study site.



These steps form the bases of five chapters in the dissertation. They are described below, provid-
ing an outline of the dissertation:

EMCS and Monitoring Technology

Chapter II of this dissertation looks in detail at the technologies for EMCSs and monitoring tools,
as they are applied today. It defines categories of both types of systems, and discusses the techni-
cal and logistical characteristics of systems. It defines a "generic” EMCS and a "generic" moni-
toring system, describing the fundamental characteristics of such systems, the technologies in
use, and the options available. It then goes on to compare the two and identify differences. This
work is carried out through literature review and discussions with individuals involved in moni-
toring buildings, EMCS manufacturers, commercial building operators, individuals active in pro-
fessional societies, and utility staff. Previous work addressing the use of EMCSs in different
monitoring efforts is also reviewed in this chapter, along with the different methods that can be
used for accomplishing EMCS monitoring.

Monitoring Projects

Chapter Il develops a general framework for planning monitoring projects. It starts by analyzing
the planning frameworks already in use, and judging their applicability to evaluation of EMCS
monitoring. It then defines a sequence of procedures that should be undertaken early in the plan-
ning process. These procedures are: clearly defining overall project objectives, assessing the
more abstract procedural requirements for monitoring tools, identifying all the resources that are
potentially available to the project, and selecting potential approaches to the monitoring activity.
Finally, an evaluation step must be undertaken to compare the needs and resources, and select
appropriate approaches that will fulfill the project objectives effectively. This chapter is based
upon experience with monitoring projects, review of monitoring literature, and discussions with
professionals involved in building monitoring.

Exploratory Case Studies

To develop a set of methods for assessing EMCS monitoring, this chapter narrows the focus of
the dissertation to the remote, long-term monitoring of buildings by a third party to evaluate
energy savings from installation of HVAC energy-efficiency measures in commercial buildings.
Three series of case studies are undertaken, and summarized in Chapter IV. The studies are taken
from research projects with slightly differing objectives, although the overall research objective
in each case includes the evaluation of EMCS monitoring capabilities. Eight sites with a range of
EMCS capabilities are chosen, and the data collection capabilities are evaluated. In most cases,
data are collected, and in some cases the data are analyzed to characterize energy consumption.
As these case studies are evaluated, certain crucial issues become apparent. These issues are then
categorized, and EMCS monitoring is evaluated according to these categories of issues. The case
studies also serve as a demonstration of EMCS-based monitoring.

Guidelines

The case study results contribute to the establishment of methods for evaluating EMCS-
monitoring, and construction of guidelines. These guidelines, defined and presented in Chapter V,
include a detailed description of the technical or logistical requirements for using EMCSs for
monitoring in a well bounded application, methods for assessing whether or not an EMCS meets
these requirements, methods to improve or supplement capabilities, and alternatives or tradeoffs
that can be made if requirements are not met. They range from what data are collected, to how
the information is transmitted to a remote site.



Controlled Study

In Chapter VI, an additional field trial is conducted, using the methods developed in Chapter V.
In this case, both EMCS and dedicated monitoring are assessed at one site, and compared accord-
ing to each of the criteria established in the guidelines. The EMCS is used to collect energy-
consumption and building-operation data, and these data are used to evaluate savings from
several retrofits, and to confirm system operation. This serves as a demonstration of the use of
the methods, a test of their use at one site, and a more quantitative trial of EMCS monitoring at
one site.

Discussion

Finally, Chapter VII discusses the findings from the previous chapters. Further comment is made
on a new understanding of the potential benefits and limitations of EMCS-based monitoring for
savings evaluation programs. Its potential benefits for other types of programs are also discussed,
based on the needs identified in Chapter III and the strengths and weeknesses found in the case
studies. Recommendations are made both for making use of the current generation of systems as-
is, and for changes that could be incorporated in future to enhance their capabilities. Finally,
areas for future development are identified.



II. REVIEW OF EMCS TECHNOLOGY AND MONITORING TOOLS

One of the promising tools for monitoring building energy performance may be the EMCS. This
promise must be evaluated both in general, and for specific situations. The first steps in a general
evaluation are to investigate EMCS technology, to understand the EMCS characteristics that
impact the ability to use it for monitoring, and to define the current state of the art in these
characteristics.

This chapter begins by outlining the development and current state of EMCS and monitoring
technology. This involves defining categories of EMCSs in terms of their goals, objectives, and
strategies, and the characteristics of available EMCSs. The chapter also discusses the objectives
and characteristics of dedicated monitoring systems, since the two will be compared. It goes on
to generically discuss the fundamental elements that are common to the data-acquisition elements
of both an EMCS and a dedicated monitoring system, and how the two technologies differ.
Finally, it discusses what work has been done previously by others in using or investigating
EMCS monitoring, and outlines methods for using EMCSs for monitoring. This review is based
upon experience with EMCS and data acquisition technology, experience with monitoring pro-
jects, review of EMCS and monitoring literature, and discussions with professionals involved in
building monitoring.

1. Characteristics of EMCSs

EMCSs are special-purpose computerized control systems, programumed to operate building
equipment such as chillers, fans, boilers, pumps, dampers, valves, motors, and lighting systems.
Lighting is often performed by more specialized lighting control systems, however, and this
research focusses primarily on EMCSs that specialize in HYAC control. EMCSs are designed to
control buildings more efficiently and effectively than human operators, and to assist in troub-
leshooting and maintaining buildings, and in managing energy consumption.

With advances in their technology, EMCSs have a growing presence in all building sectors.
Industrial buildings use EMCSs to contro! building services, while the energy used by industrial
processes is usually controlled by very specialized and process-specific control systems. In
residential buildings, the technology for controlling building systems is typically referred to as
"home automation,” and is a promising technology. However, by far the most common applica-
tion of EMCSs is in commercial buildings, and they are the subject of this review. Note that an
EMCS is sometimes referred to as a "Building Automation System" (BAS) or "Energy Manage-
ment System," (EMS), although the latter sometimes also refers to systems that carry out energy
accounting and other more "managerial” energy management tasks, rather than feedback control

of building systems.

Development of EMCSs

Because the technology for EMCSs has been developing quite rapidly (as have most technologies
related to micro-electronics), it is important to discuss how EMCS technology has developed
over time, and to define the state of development of the technology at the time of this writing.
The research presented in this dissertation took place over several years, from 1986 to 1994,
Thus the EMCSs that were investigated represent a range of the technologies available during

that period.



Building controls have existed for quite a long time. Historically, the thermostat was the first ele-
ment in the control of a building system. The first whole-building control systems operated with
pneumnatics: where compressed air is used to transmit control signals from the controller to
another location within the building.

Centralized computerized controllers then evolved, at first acting in only a supervisory capacity
and communicating with electric to pneumatic (E/P) transducers to translate electronic control
signals to pneumatic signals that the rest of the building was equipped to respond to. Electronic
actuators that responded to analog electrical control signals replaced pneumatic actuators in many
cases (although pneumatic actuators can still be found in many installations).

Direct Digital Control (DDC) refers to the next step in the evolution, where supervisory digital
control signals were sent to local controllers throughout the building. These local controllers col-
lected analog information from sensors, and provided local control of the equipment, with only
supervisory control from the main control unit. Fully decentralized control, such as this, is now
the standard. Often, the local controllers and the main controller can be manufactured by dif-
ferent companies, and can communicate with one another in a rudimentary way, to exchange
basic information.

With the current development of protocols for EMCS communication, more complex information
will be shared by devices throughout the building, and more sophisticated control and optimiza-
tion may be possible. The American Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE) is nearing completion of a national consensus standard for communication
in building automation systems—Building Automation and Control Networks (BACnet). Some
manufacturers have already begun to incorporate the protocol into their product lines, and are
committed to making products that are BACnet compatible when the standard is finalized. At the
time of this writing, the standard has just finished a second public review, and could be accepted
soon. A consortium is also being formed to test the interoperability of BACnet products (EUN
1993). The future trends for EMCSs include a more standardized window-based interface, more
powerful processors capable of handling larger amounts of data more quickly, a greater degree of
decentralization, and vastly increased capabilities for communication.

EMCS Saturation

EMCSs for commercial buildings are readily available. There are over 150 EMCS manufacturers
(EPRI 1986), and many manufacturer’s representatives, vendors, and contractors in the market.
According to a statistically significant national survey of the energy-using characteristics of com-
mercial buildings, EMCSs exist in only a small fraction of commercial buildings: about five per-
cent (EIA 1993). However, when this statistic is disaggregated, it can be seen that EMCSs have a
much latger impact in large buildings, and in recently built buildings. 20% of the commercial
floor area in the US is in buildings with EMCSs. About 50% of all buildings with a floor area
over 500,000 square feet have an EMCS. For buildings built since 1992, almost 50% of the floor
area is in buildings with EMCSs. ASHRAE/IES Standard 90.1-1989 suggests that all new build-
ings with a floor area of over 40,000 square feet should consider installing an EMCS (ASHRAE
19892). This standard recommends that the EMCS should have several specific energy-
management capabilities, and the ability to monitor energy consumption on a daily basis with
weekly summaries.



EMCS Architecture

There are a variety of different types of EMCSs. Figure II-1 shows the architecture of a "generic"
EMCS. Good summaries of EMCSs include EPRI (1986), and Akbari et al. (1989). EMCSs
comprise a range of technologies for controlling building systems, and vary in complexity. The
simplest EMCS might consist of a single function controller, used to perform one task, and con-
trolling one or more building systems. A more complex EMCS utilizes a centralized computer to
control systems throughout the building, implementing several different functions. The most
commonly installed EMCSs today utilize a distributed architecture, in which controllers
throughout the building—referred to as Remote Control Units (RCUs)—operate local control
loops (for example, controlling a VAV box in a zone, based on input from the local thermostat).
Often, these RCUs are application specific: for example, Johnson Controls has specific controllers
for variable-air-volume boxes, central plant equipment, air-handling units, and lighting (Johnson
Controls 1991). Landis & Gyr Powers also has a fume-hood controller (Landis & Gyr Powers
1992). The local controllers communicate with one another over a dedicated local area network.
These controllers can then be supervised by a central, or "host" computer (for example, the host
computer would determine an appropriate temperature setpoint, send this setpoint to the local-
loop controller, which would implement control). The host computer can be used for many other
tasks, such as graphic communication with the operators, data collection and analysis, and pro-
viding a more convenient environment for programming the local controllers. These high-end
systems are sometimes Integrated with security and fire-safety functions. An important figure
used to describe the complexity of a system is the number of “points." These can be actual sensor
inputs, (either analog, digital, or pulse counting), or actuator outputs (either analog or digital).
However, it can also refer to virtual points (i.e., intermediary calculated points such as setpoints),
or attributes (e.g., runtimes for a point, or calibration constants for an analog input).

EMCS Objectives

The capability of an EMCS to monitor energy performance is the primary focus of this disserta-
tion. It is important to keep in mind, however, that EMCSs are not usually installed principally

for this purpose. Rather, the objectives are:

e allow control over equipment operation from a central location,

e  alert building operators to possible equipment malfunction or the need for maintenance,
¢  maintain comfortable conditions,

e  permit simple software modification of control specifications

®  monitor tenants’ energy use for billing purposes, and

e  save energy.

The primary energy-saving aspects of the EMCS are embodied in its particular energy manage-
ment strategies. These strategies are described below.

Programmed Start and Stop: An on/off schedule is defined for the operation of each controlled
device, and implemented by the EMCS. The schedule can vary by day of week, and can include
contingencies, i.e., different ways to respond depending on conditions in the building such as
operation of other end uses or past operation of this end use. Occupant and operator override,
invoked from central or remote locations, (for example, by telephone or a local timer switch),
ensure flexibility. ‘ :
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Programmed start and stop is often responsible for most of the energy savings from an EMCS.
To evaluate the savings, however, it must be compared with the alternative method of turning
equipment on and off. For example, if a building has a dedicated operations staff who turn equip-
ment on and off at the correct times, there will be no savings from this technique. One study
estimated that the HVAC savings over and above those made possible by a seven-day time clock
will be on the order of 5-20% (Guntermann, 1982). With most time clocks, it is possible to turn
equipment on and off several times a day, and to have a separate schedule for each day of the
week. However, an EMCS has the advantage that it can automatically adjust for daylight-savings
time, and reduce operation during holiday periods. Time clocks are notorious for becoming out
of synchronization with real time, (see, for example, Greely et al. 1990, where a timeclock was
operating for many months set approximately twelve hours out of synchronization with the true
time). Another advantage to a more comprehensive EMCS is that each end use can be controlled
individually, and individual pieces of equipment can be started at different times. With a time
clock, entire systems may begin operation at the same time, often creating a power spike. This
has been found to be a problem for buildings on a demand charge, as that power spike can be the
largest demand an building experiences (NCAEC 1987).

Optimal Start and Stop: Historical performance and outdoor temperature determine the latest pos-
sible time to begin conditioning each day, and the earliest time it can be turned off, so that the
building will always be comfortable while occupied. Historical performance determines the
response time of the building, which is used with indoor and outdoor temperatures to calculate
the optimum times.

This may result in large savings, depending on the alternative means of control. One alternative
is often to guess on an appropriate time to begin conditioning, and to set a time clock for that
time. Often, complaints come in that the building is uncomfortable in the morning, the time will
be moved earlier and earlier, until complaints stop coming in. That setting will then be used
throughout the season, resulting in inefficient, "worst-case," scheduling.

Duty Cycling: Equipment is periodically switched on and off in order to reduce its average out-
put. The fraction of the time that it is switched on is referred to as its "duty cycle." This is usu-
ally used for single speed equipment that has been oversized or sized for worst-case conditions.
The duty cycle can be a fixed value, or proportional to zone temperature. To prevent equipment
from turning on and off too rapidly, minimum on and off times are usually specified. For a single
piece of equipment, this technique does not reduce building peak demand. However, when
implemented in a coordinated way with several pieces of equipment, it can be configured so that
there is always at least one piece of equipment off at any time, and demand can be reduced. This
illustrates an advantage of integrated building operation, made possible by a whole-building
EMCS.

One should note that such systems are usually only specified as a retrofit, since there are prefer-
able ways to reduce equipment output in new buildings or when installing new equipment, More
appropriate sizing or staging of the equipment would take advantage of higher efficiencies found
when operating a piece of equipment closer to its full load. Also, adjustable speed equipment has
a reduction in demand that is nominally proportional to the cube of the reduction in output. In
fact, adjustable speed drives can be installed as a retrofit, and work very well in conjunction with
EMCS control.
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Economizer Control: Cooling energy can be minimized by monitoring the temperature (and pos-
sibly humidity) of return and outdoor air, and selecting a supply airstream with minimum tem-
perature. This will vary anywhere from 100% fresh outdoor air on mild days, to a specified
minimum amount of outdoor air on hotter days. Although this technique is common even in
buildings without EMCSs, the EMCS can more closely control the system to optimize its perfor-
mance. For example, while a standard economizer controller will typically be set to change over
from outdoor air to mechanical cooling at a certain temperature, an EMCS that is controlling
multiple zones with different conditioning requirements can more effectively modulate the
amount of outdoor air to provide the optimum supply air temperature.

Another advantage of using an EMCS to implement economizer operation is that the EMCS can
monitor the performance of the economizer, and can alert the operations personnel when it is fail-
ing to perform. Since economizers are prone to problems throughout their life cycle, this is an
important benefit.

HVAC Optimization: The operation of the fans, chillers and boilers can be optimized in several
ways. A few examples are resetting supply air and heating and cooling coil temperatures,
efficiently combining several small chillers, adjusting the rate at which setpoints are approached,
and monitoring the composition of furnace exhaust gasses to increase fuel-buming efficiency.

Demand Limiting: For buildings that are charged for peak demand as well as energy consump-
tion, limiting building demand is an important means of controlling costs. An EMCS can limit
demand by cutting back use of non-critical equipment when the building demand approaches a
preset target. Equipment is turned off or reduced sequentially, according to a prioritized list.
When demand is reduced to a sufficiently low level, end uses are restored, either in the same
order they were shed (rotating load shed) or in the inverse order (priority load shed). An algo-
rithm that predicts upcoming demand (by extrapolating past trends) allows the EMCS to prevent
rather than respond to demand excesses. Demand limiting may reduce energy consumption, but
it is primarily a load management strategy.

Diagnostics: EMCSs are capable of fairly sophisticated diagnostics algorithms, although this is
usually not well developed. Most EMCSs implement simple diagnostics by issuing an alarm
when the value of a point is beyond preset bounds. It is possible to do more complex range check-
ing, such as time-sensitive checks (where the limits that would trigger an alarm depend on the
time of day or year) or comparisons with the values of other variables (such as simultaneous calls
for cooling and heating). One other diagnostic that is fairly common is monitoring the pressure
drop across a filter to generate an alarm whenever the filter is clogged and in need of changing.
Another is to require proof of operation of one piece of equipment {such as ensuring that a pump
is operating by checking that the flowrate is above a certain level) before another piece of equip-
ment is turned on. If the equipment is not proved to be on when it should be, an alarm can be

generated.

Maintenance: Another category of EMCS algorithms is maintenance. Many systems monitor the
amount of time major pieces of equipment have run since their last tune-up. In addition, this
software can also generate work orders and purchase orders, and keep an equipment inventory
including nameplate information and maintenance history.
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Cost Effectiveness

EMCSs are almost always installed in order to save the building money. It is difficult to assess
cost effectiveness in a generic way. There is a wide range in EMCS savings potential, because
there are so many different energy management functions, and the basecase control strategies
vary so much. There is also a wide range in system cost due to the range in complexity of the
systems. For example, a simple and inexpensive controller can often be much more effective
than a complex system that has not been implemented correctly, or is not operating correctly. In
one survey of EMCSs carried out for the Electric Power Research Institute (EPRI), the minimum
cost for single function controllers was from $300 to $8,000, depending on the complexity and
number of controlled devices (EPRI 1986). The minimum cost for centralized systems was
$10,000, and the minimum for distributed architecture systems was $18,000. In their survey, the
average energy savings was about 15%. Although that study was carried out some time ago, and
the costs are probably dated, they are still useful for comparison. One should also remember that
EMCSs may reduce building operation and maintenance costs, and provide fire and security func-
tions as well. Installation costs are highly dependent on the degree of complexity of the system,
and the number of input and output channels. Installation of communications paths throughout
the building is often a large part of the cost.

Several utilities offer incentives for installation of an EMCS (see EPRI 1989%a, and PG&E 1993).
In these programs, certain EMCS functions must be implemented, or an EMCS contractor must
calculate estimated savings. Many of these programs are oriented much more towards load
management than efficiency.

Installation and Maintenance

Systems are typically configured, installed, and commissioned by the vendor or a manufacturer’s
representative. Two essential and often overlooked steps in EMCS installation are making sure
the system is doing what it was designed to do (commissioning), and making sure the operators
understand and trust the system (training). A survey of EMCS users found that one EMCS in five
had been disconnected by building personnel (Schwed 1988). With appropriate attention to com-
missioning and training, such problems can be avoided.

The computer portion of the EMCS should require little physical maintenance, as it consists pri-
marily of solid-state electronics. However, it will still require significant "soft" maintenance such
as periodic backups, and upgrades. Sensors and actuators will require periodic attention. Some
energy-management functions, such as duty cycling of motor-driven devices, will cause addi-
tional wear on belts, motors, and electric starters, requiring more frequent maintenance.

2. Types of Monitoring Tools

Before going into technical details on EMCS technology, and then discussing how it can be
applied for monitoring, the characteristics of the tools conventionally used for monitoring will be
introduced. This section outlines the different types of systems used for monitoring energy use in
buildings, and then the next section talks in more detail about the technology that is common to
both EMCSs and dataloggers. The emphasis of this discussion is on tools used for longer-term
monitoring, thus it does not stress hand-held tools or indicating but non-recording devices. There
are several good references on data acquisition systems. ASHRAE (1989b) has a good glossary
of important terms. EPRI (1992) has a very good summary of commercially available
dataloggers and sensors. It summarizes the characteristics of some of the most common general-
purpose data acquisition systems. Haberl et al. (1992b) have also developed a good primer on
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building monitoring and datalogger operation.

The equipment used for monitoring applications has also been a rapidly developing technology,
and a wide variety of equipment is used in monitoring applications. Three general categories
describe the overall architecture for this application: general-purpose dataloggers, micro-
dataloggers, and—for the specific application of building epergy performance monitoring—
energy monitoring systems. While their characteristics vary, Figure II-2 illustrates the elements
that are present in most monitoring equipment to some extent.

General purpose: General-purpose dataloggers are typically capable of monitoring the output of
any kind of sensor that produces a voltage, cumrent, pulse, or contact-switch closure. Some
general-purpose dataloggers are stand-alone microprocessor-based systems that can collect data
without connection to a computer; these often must use a computer for programming or data
storage. Others are separate boxes that plug into a serial port on a computer, or have cards that
are installed in the computer. Thus, the computer is an essential part of their operation. Some are
geared towards permanent installation, while most are more portable. Some are designed
specifically for very remote applications, and their capabilities focus on remote access of data,
reliable operation, battery power, and a small power drain. Some can be used for all these appli-
cations. Weight and size vary, ranging from 1 to 66 pounds, and the dimensions range from 6 to
26 inches (EPRI 1992).

Micro-dataloggers: These systems are often referred to as "stick-on sensors" because of the fact
that all of the equipment in the monitoring application—from the sensor to the communications
port—is included in one small package. This datalogger can be smaller than a pack of cigarettes,
and can often be magnetically attached to the device being monitored. Many of these monitor
only one channel each, and have relatively low resolution (8-bit A/D, described later). Stick-on
loggers are available to measure temperature, light intensity, relative humidity, current, voltage,
and pressure, and there are general-purpose loggers to monitor analog inputs.

Energy monitoring: Since building performance monitoring is such an important application,
there is a whole category of loggers dedicated to this type of monitoring. Their architecture is
similar to that of the general purpose dataloggers, with the exception of the presence of an
integral multi-channel watt-hour transducer (discussed later) and a common voltage transducer.
For some models, the current transformers are built into the watt transducers. In this way, moni-
toring power simply requires installation of current transformers. Some of these systems also
have control outputs, specifically for demand management.

3. Data Acquisition Fundamentals

With an overall idea of the types of EMCSs and monitoring tools available, the fundamentals of
data-acquisition technology will now be discussed. The technology for acquiring data is essen-
tially the same both for EMCSs and for dedicated monitoring systems. While there are slight
differences between data-acquisition as implemented in an EMCS and that as implemented in a
datalogger, the technology will first be discussed generically, and then the differences will be dis-

cussed.

The organization of the discussion of data-acquisition fundamentals parallels Figures II-1 and II-
2: sensors and transducers, wiring from sensors to device, wiring between devices, signal and
data processing, storage, operator interface, and communications. In many places, the discussion
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refers to a "device." This will refer to both the datalogger and to the EMCS host computer.

Sensors and Transducers

Sensors: One of the most important elements of a monitoring system is the sensor. Sensors are
the primary elements used for taking measurements. Some sensors, due to the electrical nature of
their mechanism of operation, output a very small current. Other sensors are designed to produce
an output suitable for input to a data acquisition system. Some of these sensors require an "exci-
tation voltage” in order to operate. The term sensor is often used interchangeably with the term
transducer.

Transducers: A transducer is a device that converts something measurable into another form,
often an electrical signal. There is a subtle distinction between transducers and sensors. For
example, one might refer to a thermocouple junction as a sensor, but a device that includes a ther-
mocouple as well as the circuitry to produce a more readily measurable output might be called &
transducer. A transmitter is a device that translates the output of a sensor into a signal suitable
for transmission to a site where it can be further processed. Transmitters must often be provided
an excitation voltage (Omega 1990).

Sensors and transducers can have many different kinds of outputs. An analog output may be a
voltage, typically varying from O to 10, or 0 to 5 volts DC. Or the output may be a current, for
example, varying from 0 to 1 microamps, or 4-20 milliamps. A digital! output may be a switch
or relay closure, or a TTL (Transistor-to-Transistor Logic value, where roughly 5 volts
corresponds to a logical "yes"). The switch closure or TTL value may be repeated to comprise a
pulse train, the pulse frequency of which carries the information. One important issue in measur-
ing pulses is to differentiate between pulses and counts: for many transducers, each transition will
constitute a count, so the rising and falling transitions associated with one pulse are registered as
two counts. Another important consideration is that a pulse-generating relay should be
debounced, so that spurious transitions are not registered as pulses or counts.

Energy measurement: There are three ways of measuring electrical power or energy.

e  The first is with use of current transformers and watt transducers. This is the most com-
monly used technique in commercial building monitoring applications, and thus it deserves
detailed description here. When an alternating current flows through a wire, a magnetic
field is produced. If the iron core of a current transformer (CT) surrounds the wire, a
current will be induced in the transformer secondary, and this (usually smaller) current can
be measured. Thus, the transformer steps down the cument and allows it to be sensed
without physically being connected to the wire. CTs can either have a solid core—in which
case the wire must be temporarily disconnected to be run through the hole in the CT—or a
split core—in which case the CT can be slipped over the wire without interrupting it. Split
core CTs are available as devices that must be bolted on, or devices that can be simply
clamped in place. The latter are easier to maneuver in cramped and dangerous spots, but
they are more expensive. Both types of split core CTs are more expensive than solid core
CTs. Current measured in this way can be used as a proxy for power, for equipment with a
fairly constant power factor. If the voltage is also measured, either directly or with use of a
step-down voltage transformer, the instantaneous true power can be calculated. Watt

! Note that the term digital here refers to the fact that the value is either "yes" or "no," in contrast to other
sorts of digital signals in which an analog valve is encoded into a binary numerical representation.
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transducers take input from line voltage and the CTs, and produce an output voltage or
current that is proportional to instantaneous power.

Many watt-transducers are also capable of producing a pulse output to allow measurement
of energy (as opposed to power), and each pulse corresponds to a given amount of energy.
Such a transducer would be referred to as a watt-hour transducer. One can then either meas-
ure the number of pulses that are generated in a given time, or the amount of time between
consecutive pulses—depending on the rate at which pulses are generated—to determine the
average power or total energy consumed during the period.

Energy meters are often used to monitor whole-building or end-use energy consumption.
End-use monitoring is greatly facilitated if all like Joads—for example, all lighting
circuits—are combined in a single electrical panel. (This is recommended by ASHRAE's
Standard 90.1. This standard requires that separate circuits be made available for lighting
and receptacles; heating, ventilating, and air conditioning (HV AC) equipment, and special
uses. It also specifies that access provisions be made for eventual monitoring-——particularly
by an EMCS.) In such cases, it is possible to wire the CTs in series to monitor the combined
load. It should be noted that one CT must be used for each wire of a 2- or 3-wire load, and
their outputs or data summed. If the load is fairly balanced, it may be possible to estimate
total consumption by measuring only one wire, and applying a multiplication factor to
account for the other unmeasured wires. More than one wire should never be inserted into a
single CT unless they are on the same phase. It should also be noted that the CT must not
be installed backwards: if its polarity is reversed, the current flow will then be negative and
it will be subtracted from the other CTs.

The specified size of the CTs, and the pulse rate of the watt-hour transducer are important
determinants of the accuracy of a kWh measurement. The kWh consumption represented
by each pulse depends on the product of the pulse factor and the CT ratio, where the pulse
factor of the watt-hour transducer is selected when specifying the transducer, and the CT
ratio is the ratio of primary and secondary amp ratings, which will depend on the applica-
tion, and is specified when specifying the CTs. To measure anything with a pulse generator
output to within 5% accuracy for a given period, one needs to collect at least 20 pulses in
that period (201 is 5% accuracy). The lowest expected values of the variable then should
be used when considering accuracy. On the other hand, one needs to ensure that the pulse
rate will not be too high at hours of high demand. What constitutes "too high" is deter-
mined by the maximum pulse rate that can be read by the data acquisition system. Thus, a
balance must be sought between accuracy and avoidance of overloading of the pulse
counter.

The second method of measuring electrical power is using a utility-type rotating disk watt-
hour meter. With these meters, each revolution of the disk corresponds to a given number
of watt hours (energy). The meter can be altered to generate electrical pulses for each
revolution—again, a pulse corresponds to a given amount of energy and the time between
pulses can be used to calculate average power. '

The final type of electrical meter uses a "Hall Effect Sensor.” This sensor requires external
power, and it senses the magnetic field due to the flow of current. It produces an output that
is proportional to the product of the current and external voltage, and is thus a good way of
measuring true power.
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Other types of energy meters are gas consumnption flow meters—although a correction must be
made to account for changing gas pressure—and Btu meters which combine a differential tem-
perature measurement with a flow measurement to determine the heat added to or subtracted from
a fluid stream. Both types of meters output pulses.

Temperature measurement: There are four types of temperature measuring sensors: thermocou-
ples, RTDs, thermistors, and IC sensors. A thermocouple is a temperature measuring device in
which two junctions of dissimilar metals output a voltage proportional to the difference between
the hot and the cold junction. The advantages of thermocouples are that they are self-powered,
simple, rugged, inexpensive, and cover a wide range of temperatures (Omega 1990). However,
they are non-linear, produce a low voltage, require a reference temperature, and are the least
stable and sensitive of the four types. Resistance-temperature detectors (RTDs) rely on the fact
that the resistance of many materials depend on their temperature. RTDs are stable and accurate,
although they are expensive, require a current source, produce a small change in resistance and a
low absolute resistance, and are self-heating (Omega 1990). Thermistors are also RTDs,
although they are composed of a semiconductor material rather than a metal. Thermistors have
an advantage in that they have a high output, produce a fast response, and require only a two-wire
circuit; however, they are non-linear, operate over only a limited temperature range, are fragile,
require a current source, and are self-heating (Omega 1990). Integrated-Circuit (IC) temperature
sensors produce a voltage or current proportional to the temperawre. Examples of these sensors
are National Semiconductor LM34 and 35, Analog Devices AD390 and AD592 (National Sem-
iconductor 1990, and Analog Devices 1992). These have advantages in that they are linear, pro-
duce a large output, and are inexpensive; however, they operate only for temperatures below
about 400°F, require a power supply, have a slow response, are self-heating, and can be used only
in limited configurations (Omega 1990).

Temperature sensors are used for a number of applications in building performance monitoring.
They measure the temperatures of various air and liquid streams, and surfaces. There are special-
ized sensors for measuring temperature of air in ducts, the temperature of water in pipes, space
temperatures, and outdoor air temperatures. These include special fittings such as “Pete’s plugs"
for inserting temperature sensors into pipes, thermocouple wells, coils for measuring average
temperatures in ducts, attractive enclosures for room air temperatures, and solar radiation shields
for measuring the temperature of outdoor air. There are also special sensors for measuring dif-
ferential temperatures.

Flow measurement: Flow measurement is one of the most difficult areas of building monitoring.
It is also often one of the most important: water flow is often measured as part of a load measure-
ment to determine the load on a chiller or the amount of chilled or heated water supplied to a
building. Flow measurement often requires devices that have complex moving parts, and meas-
urement of fluids that may be corrosive or abrasive and may exert strong forces on the equipment.

Obstruction flow meters take advantage of the fact that an obstruction to the flow of a fluid causes
a drop in pressure, and that drop is dependent on the fluid velocity. Obstruction flow meters
include orifice plates, Venturi flow meters, and flow nozzles. In these devices, the flow down-
streamn of the meter is affected by the meter. The distortion is the most for the orifice plate and
the least for the Venturi. The orifice plate is also subject to wear and corrosion. These meters
have the advantage of relative simplicity and the lack of moving parts. Another category of flow
meters is rotating flow meters. This includes turbines and paddle wheels. For some rotating
meters, rotation is sensed magneticaily or ujtrasonically. Insertion type meters can be installed
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without draining the pipe.

Another category of flow measurement devices actually determines velocity, and uses the cross
sectional area of the pipe or duct to calculate flow rate. A pitot tube is a pressure tap with an
opening facing into the fluid flow. By using a pitot-tube to sense total pressure, and subtracting
the static pressure—sensed with a pressure tap perpendicular to the fluid flow—one can deter-
mine the velocity pressure, which is proportional to the square of the fluid velocity. Another
velocity measuring device is a hot-wire anemometer, which measures the amount of energy
needed to maintain a small probe at a constant temperature, and relates that energy to an air velo-
city. Since the velocity in a pipe or duct may vary across the cross-sectional area, particularly at
the entrance to pipes or ducts or immediately downstream of any joints or devices, it is usually
necessary to traverse the cross-sectional area, taking several measurements and averaging them,

Other measurements: Some of the other points that can be monitored are pressure (e.g., duct
static pressure, building static pressure, refrigerant, differential pressure), dew point, relative
humidity, equipment status or runtime (using current switches or possibly proxies such as tem-
perature sensors for lighting status), light level, carbon dioxide levels, frequency, wind speed,
wind direction, electrical current, water level, and barometric pressure.

Wiring
Wiring within a monitoring system or EMCS includes two types: wiring between the sensors and
the data collection device, and wiring between data collection devices.

Wiring between sensors and device: Sensors are connected to the device by means of some form
of wiring. This wiring is typically either a twisted pair of wires or coaxial cable. When using
twisted pairs, any environmental electrical noise that might affect the signal will most likely
affect both wires, so the difference in voltage between the two wires should be not be affected.
Coaxial cable is also protected from noise, since the outer shielding intercepts most noise. What-
ever types of wiring are used, the wire must be run from the sensor to the logging device. This is
sometimes done by running conduit. Issues that must be considered are the interference that is
caused by installing the wiring, permanent changes that must be made to the building fabric, the
appearance of the wiring or conduit in occupied spaces, electrical isolation, and lightning and fire
protection requirements affecting electrical wiring. The material of the wiring is also important,
as it is important to minimize the impedance of the sensor/wiring combination, since the wiring is
essentially in series with the sensor. Some alternative methods of getting information from the
sensors are infra-red signals, and power-line carriers.

Communication between devices: Several different methods are possible for linking units, and the
relative advantages are discussed in Harrje et al. (1984). Some standardized methods of connect-
ing devices include serial or RS-232 cables (most often used to communicate between computers
and peripherals; see Auslander and Sagues 1981}, IEEE-488 Bus (or GPIB, or HI-IB, standards
for interfacing between programmable instruments and computers; see Omega 1990); twisted
pairs, or a computer bus, ethernet, or other kinds of sophisticated network protocols. The rate at
which data are transmitted is referred to as the “baud rate," and one baud equals one bit per
second.
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Signal and Data Processing

Once an analog (voltage or current) or digital (pulse or relay closure) signal reaches the device,
often some additional processing must be done to translate the signal to a useful value. This pro-
cessing can include signal conditioning; analog-to-digital conversion; pulse counting; calibration;
sampling; calculating averages, totals, minimums and maximums; and more advanced processing
routines—all of which are discussed below.

Signal conditioning: The last section referred to translation of sensor output to a useful and
measurable voltage. There are several situations in which this would be done, and this is referred
to in general as “signal conditioning.” Signal conditioning can include amplifying small signals,
(for example using a Wheatstone resistance bridge circuit), providing a reference temperature
junction for thermocouples, demodulating signals from frequency- or amplitude-modulated car-
rier signals (for example 60 Hz sine waves, or pulse-width modulated signals), filtering noise
from the signal, or linearizing output from non-linear sensors (Beckwith et al. 1982). This can be
done within the transducer or transmitter, with an external circuit or device, within the data
acquisition hardware, or within software of the datalogging or analysis computer.

Analog to digital converters and pulse counters: Analog signals must be converted to digital sig-
nals for a microprocessor to handle them. This is done using an analog-to-digital converter, or
A/D converter (Auslander and Sagues 1981). Incoming pulses must be counted at this point.
With both A/D conversion and pulse counting, the number of bits in the conversion is important,
as it determines the resolution of the resulting measurement. For-example, an 8 bit A/D conver-
sion can have only one of 256 distinct values (2 raised to the 8th power). Thus, a temperature
sensor that can read from 0 to 100 degrees would have a resolution of only 100/256 = 0.4
degrees. With a 12 bit A/D conversion, it could have a resolution of 100/4096 or 0.02 degrees.
The pulse rate of the transducer determines the device resolution, but the number of bits on the
pulse counter will be important, as the pulse counter is reset after it fills up (it overflows). For
example, a 12 bit counter can only count up to 4096 before it overflows. If pulses are received at
a rate of one per second, the counter will overflow after a little longer than an hour. Ifitis a 16
bit counter, which can count up to 65,563, overflowing after 18 hours. A device can usually be
configured to increment a second counter when the first counter fills up, however, resolving this

problem.

Another important attribute of an A/D converter or pulse counter is its input impedance: since a
voltage measurement device is essentially wired in parallel with a sensor, its impedance should
be as high as possible (in the megaohm range) to minimize error.

Calibration: Calibration refers to the translation of a signal such as voltage, current, or pulses
into correct engineering units. Sometimes this is a simple matter of applying a scaling factor, (for
example each pulse might correspond to 1 kWh, so 10 pulses represents 10 kWh). For other
types of sensors, both offset (zero) and scale (span) factors must be applied (for example, if 0-10
volts corresponds to -32 to +212°F, then 3 volts represents 86°F). For nonlinear sensors, such as
thermocouples, either a more complex equation must be applied, or a lookup-table can be used.

Sampling: Analog data can vary continuously with time. To be translated into a digital value,
they are momentarily frozen in time, and discrete values are produced. The frequency with which
these "snapshots" are taken is referred to as the scan rate. This is determined by the response
time of the A/D converter and the number of sensors that must be scanned. Some sensors are
referred to as "integrating," such as flow meters and watt-hour meters. With these, even though
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the values are sampled, no data are lost.

Calculating Average, Total, Minimum, or Maximum: To collect all the data on each scan would
be cumbersome. For some data, a periodic snapshot is sufficient. For others, averages or totals
must be calculated. Averages and totals can usually be provided over user-selectable intervals,
ranging from minutes to days. In addition, it is sometimes useful to know minimum and max-
imum values for certain intervals. For all such data, it is important that the value have a time
associated with it. A special purpose averaging algorithm that is sometimes used is a 15-minute
sliding demand window. With this type of reporting, the average whole-building electrical
demand for the previous 15-minutes is recorded. As time progresses, it always looks at the previ-
ous 15 minutes. This is done to optimize the operation of buildings that are on a utility demand
charge, and it is designed to provide the same information the utility uses to determine the
demand charge. Another special purpose averaging algorithm is conditional averaging, wherein
values only go into an average when a particular device is operating.

Advanced processing: There are many other algorithms that can be applied to monitored data.

These are standard on many different devices, or can be easily programmed. Examples include:

®  Missing data: Special coding is provided for data that are missing, to differentiate them
from valid "zero" data.

o Limit checking: An error flag is issued when the value of a point is larger or smaller than the
expected range of values.

®  Sum checking: The sum of all end-use energy consumption is compared to total building
consumption to identify potential errors.

®  Repeated value checking: If a value does not change at all when it should be changing, an
error flag is issued.

¢ Level-based binning: Data are provided in a summary "binned" format that is used in many
types of analysis.

o Interchannel math: Intermediate values are calculated based on values of measured
points—for example cooling load can be calculated from a supply temperature, return tem-
perature, and flow rate—and these resulting values are logged.

e  Computed status: For multimode equipment (for example, a refrigerator with a defrost
cycle), the operating mode can be inferred from the demand level, and the mode itself can
be logged.

Data Storage

Once analog values have been converted to digital values and then to engineering units, they are
stored, typically in random-access memory (RAM), or on a computer disk or tape. Usually, the
data will be stored in a circular buffer, meaning that when the allocated storage space is filled up,
the oldest data will begin to be overwritten. The data must be retrieved before this happens to
ensure no toss of data.

The data can be stored on the device in either a binary format to be read by the device’s native
software, or in an ASCII format that can be read by other applications. Some store data in a
binary format, and are capable of producing the data in any of a number of formats, including
columnar ASCII data separated by spaces, comma-separated ASCII (which is easily read into
spreadsheet programs), other sorts of easily read formats, or binary formats that can be read by
specific spreadsheet programs.
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Operator Interface

The operator interacts with the device to supply programming and configuration information, to
determine the status of the equipment, and to retrieve data. Many devices use menu-driven setup
procedures. Some also provide software for analyzing, reporting, and graphing the data. Either
real-time or after-the-fact graphing of the data is an important way of reviewing for data quality.
Some systems have more sophisticated abilities for data visualization. Other systems only
display digital readings of point values. Some systems use a key pad on the body of the device,
or allow connection of a lap-top computer, or both. The operator may also connect remotely,
using communicattons hardware and software.

Communications

For permanent storage, the data are typically moved to some larger volume of storage, either a
magnetic tape or computer disk. This can be done with a direct local connection, or remotely.
This usually requires addition of a phone line, and either a modem (internal or external) or a
direct RS-232 connection. The speed of this communication is also reported as “baudrate.” The
device will either answer the phone when a polling computer calls it, or can be programmed to
place the call itself automatically when the data storage area is full or on a schedule. Some dev-
ices use public domain communication and transfer protocols, and others use proprietary software
for achieving the communication and transfer. Most transfer mechanisms are capable of detect-
ing errors in transmission. Some communication software provides logs of all transactions,
errors, and other results of connections. Another role for remote communications is allowing
remote programming of the device.

4. Comparison of EMCS and Monitoring Technologies

The technology used for dedicated monitoring and EMCSs are very similar—in some cases,
identical. As an example of the similarity between the two, Table II-1 compares some of the pre-
viously mentioned technical characteristics for a specific EMCS model and a specific energy-
monitoring datalogger; the Barrington Systems StarVIEW 4000 EMCS (Barrington 1989), and
the Synergistic Control Systems Model C180 Survey Meter/Recorder (Synergistic Control Sys-
tems, Inc. 1989). These two pieces of equipment are the models used in the final case study of
this research project, and more information on the architecture and technical details can be found
in Chapter VI. The two are very similar in their technical characteristics. They are fairly
representative of the types of systems that are commonly installed at the time of this writing.
They illustrate that essentially the same types of equipment are included in both. The similarities
and differences between EMCSs and dedicated dataloggers are discussed in more detail below,
and specific information on these and other dataloggers and EMCS models are cited. This section
uses the same organization as the previous section.

Sensors and Transducers

Much of the same information is of interest to monitoring projects and to building operations, so
some of the same types of data are collected. The variables that one typically finds in an EMCS
and in a typical monitoring project are shown in Table II-2. The principal differences are that
EMCSs are much more likely to monitor building operational data, such as damper positions, set-
points, state variables of the working fluids, and equipment status. Monitoring projects, on the
other hand, are much more likely to monitor end-use electrical demand.
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Table II-1. Technical Characteristics of an EMCS and an Energy Monitoring

Datalogger.
Barrington Systems Synergistics C180

Attribute StarVIEW 4000 EMCS Survey Meter/Recorder
/O Device Name MicroSTAR C180 Survey Recorder
Max Number of Devices 32 MicroSTARs/LanSTAR 100 C180s

Analog Inputs per Device 4 15

Digital/Pulse Counter/Runtime 4 16

Inputs per Device

Power Inputs per Device 4 Pulse Counters 16 CTs

Input Impedance 100 kOhm 10 MOhm

Analog A/D Accuracy +0.25% 10.2%

Pulse Counter Max Frequency 20 Pulses/sec 10 Pulses/sec

Wiring from Sensors to Device Twisted pair Twisted pair

Wiring between Devices 6-wire, or 4-wire trunk RS232, or DC Loop

Daisy Chain

Communication between Devices || 52 kBaud 1200 Baud

Max. Distance between Devices 4000 Feet 5000 Feet

Minimum Integrating Interval One Minute One Minute -
Processor Zilog Z280 Motorola 6800
Number of Processor Bits 16 8

Processor Memory 1 MByte 32 kByte

Battery Backup Lithium, 2 years Lithium, 2.5 years
LAN Communications Dedicated Zilog Z280 Communications Interface

Communications Processor Board

Operator Interface Types Host, Touchpad Host, Touchpad

PC Polling Software StarView Synernet
Communication to PC Serial, Modem, Leased-Line Modem | Serial, Modem
Communication Speed 9600 Baud 1200 Baud

PC Type IBM PC or Compatible IBM PC or Compatible
PC Memory Needed 1.5MB 640 kB

PC Disk Space Needed 40 MB Hard Disk Hard or Floppy Disk
Automatic Polling? Yes Yes

Remote Access Software Norton pcANYWHERE Synernct

Error Detection Selectable CRC

Offline Data Storage PC Hard Disk PC Hard Disk

PC Operating System DOS/DESQview DOS

Report Format Spreadsheet Compatible Spreadsheet Compatible,

Spreadsheet, Binary




Table II-2. Data Potentially Measured in an EMCS.
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Attribute

Temperature

Energy

Flow/
Pressure

Equipment
Status

Valve/
Damper
Position

Setpoint

Control
Output

Each Zone:
Zone
Lighting

o

O

O

Each AHU:
Cold Deck
Hot Deck
Precool
Preheat
Supply Air
Return Air
Mixed Air
Supply Fan
Return Fan
HV Units

OO0

ORe]

(OROR®

Q000000000

C0OO0

Electrical
Chiller

CW Supply
CW Return
CW Delta T
CW Pump
Cond Supply
Cond Return
Cond Delta T
Cond Pump
Cond Fan
Boiler

HW Supply
HW Return
HW Delta T
HW Pump
Reheat Supply
Reheat Retarn
Reheat Pump
DHW Supply
DHW Return
Condensate
Exhaust Fan
Outdoor Air

Whole Building:

oNeRe]

000 OO0 OO0 © OOC OO0 O

o Q0O

0000

@ s a variable typically measured by both EMCSs and dedicated monitoring.
QO  is a variable typically measured only by EMCSs.
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In most cases, exactly the same sensors are available for use in EMCSs as in dedicated monitor-
ing. For example, the Barrington Systerns EMCS in the case study used a Kele watt-hour trans-
ducer. This has an accuracy of £0.75% of the full-scale reading (Kele, no date). The C180 watt-
hour measurements have an accuracy of +0.5% of the full-scale reading. Ohio Semitronics makes
a watt-hour transducer that is used both in EMCSs and in dedicated monitoring applications, and
it has an accuracy of H).5% of full-scale reading (OSI 1991). Johnson Controls uses a solid state
space temperature sensor that has an accuracy of +1°F (Johnson Controls 1991), and Barrington
uses a LM34 temperature sensor that has an accuracy of £0.4°F. The CI180 literature also
specifies that a LM34 temperature sensor can be used, and the Lambert Engineering Data-Trap
datalogger, specifies that AD590 temperature sensors can be used, which have an accuracy of
10.25°F (Lambert 1989). Paddlewheel flow meters are used by both the LoanSTAR monitoring
program {Robinson et al. 1992) and by the EMCS in the case study in Chapter VI. For both
EMCS and monitoring applications, very accurate sensors are available, but something less accu-
rate is usually chosen because of financial considerations.

Some attention is being paid to sensor accuracy in the EMCS industry. In their Standard 114-
1986, ASHRAE wrote guidelines for specifying measurement requirements and recommended
methods of verifying accuracy of EMCS instrumentation (ASHRAE 1987a). Standard 114-1986
provides typical values for accuracy required for different applications. The suggested accuracies
for energy calculation applications are shown in Table II-3. For some applications, more accurate
sensors may be required. For example, if the range of water flow is 1-30 feet per second, the
error at full scale would translate to a significantly higher percentage error at low flow rates. A
study was done to identify the implications of sensor inaccuracy (Kao and Pierce 1983). It was
found that energy consumption could be up to 50% higher if inaccurate sensors are used.

Wiring

Sensors are wired to either a datalogger or the RCU of the EMCS. Wiring in both cases is identi-
cal. The two systems are somewhat similar in the number of input channels available, as well.
Monitoring equipment in the EPRI survey ranged from 8 to 600 channels, although 8 to 16 is typ-
ical (EPRI 1992). EMCSs have similar numbers of channels. The Johnson Controls Metasys
EMCS (Johnson Controls 1991) has ten points available on each Digital Control Module (their
name for an RCU). The Barrington Systems EMCS has eight points on each MicroSTAR (their
name for an RCU).

The number of input channels for each device may not be the truest measure of the ability to
monitor data, however, as it is common to link together several devices at a site or complex,
either for EMCSs or dedicated monitoring systems. In this linked configuration, all devices can
be polled using only one communications link to the outside world. This is commonly referred to
as "daisy-chaining." There is commonly a limit on the number of units that can be daisy-chained
together. The incremental cost of adding another device is the significant parameter. For both
the C180 and the Data-Trap dedicated loggers, up to 100 loggers can be linked together. - The
Barrington Systems EMCS can have 32 MicroSTARS for each LanSTAR (primary controller).
The Landis & Gyr Powers System 600 can have an unlimited number of units connected (Landis
& Gyr Powers 1992). With an EMCS, the connection between devices is often done via a sophis-
ticated local area network (LAN). The Landis & Gyr Powers System 600 has a 19.2 kBaud net-
work (Landis & Gyr Powers 1992). The Johnson Controls Metasys uses a 2.5 MBaud network
that can be implemented using twisted pairs, coax cable, and fiber-optic cable (Johnson Controls

1991).



Table I1-3. Data Accuracies Typically Required for Energy Calculation.

Space DBT

Hot Air Supply - DBT
Cold Air Supply - DBT
Outside Air DBT
Dewpoint

Hot Water - S&R
Chilled Water - S&R
Condenser Water - S&R
Temp. Difference - Water
Temp. Difference - Air
Flow - Water

Flow - Air

Pressure - Air Duct
Pressure - Air Building
Pressure - Refrig. Water

Electric Meters

+0.5°F

+1°F

+1°F

+1°F

+3°F

+2°F

+1°F

+2°F

+0.5°F

+0.5°F

+2.5 % of full scale
+2.5 % of full scale
+1.0 % of full scale
*1.0 % of full scale
2.0 % of full scale
10.25 % of reading

Source: ASHRAE Standard 114-1986.
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Signal and Data Processing

Many of the data processing elements of monitoring and EMCSs are identical. For the most part,
they use the same techniques for signal conditioning, A/D conversion, calibration, sampling, and
averaging. The Data-Trap has an input accuracy of +1%. The C180 has an input accuracy of
#0).25%. Both the Landis & Gyr Powers and Barrington Systems EMCSs have 12 bit data
acquisition, which corresponds to a resolution of $0.025%. While both have similar scan rates, it
is possible that the data will be stored on the host rather than the RCU, so the data will have to be
traveling greater distances, through more complex networks, and there will be accuracy and
throughput considerations.

In terms of averaging, both typically have several different ways of summarizing the data: instan-
taneous values, averages over different intervals, totals, 15-minute demand windows, and peak
values. One unique method of summarizing data available as an option in some EMCSs is
"COV" monitoring. COV stands for change-of-value. In this method, data are only collected
when the value has changed by at least a minimum threshold level, which can be set by the
EMCS operator. Thus the precision of the measurement will depend on how the COV level is
set. Figure II-3 shows a test of the errors introduced by this approach, (using synthetic data), for
different relative COV levels. When the COV is set too high, the data are distorted. When it is
set too low, data are collected too frequently. Figure II-4 shows this relationship. The setting of
this value will determine how appropriate the data are.

In terms of other advanced processing procedures, the flexible programming capabilities of most
EMCSs allow them to perform any kind of calculation that is needed. However, it is rare to find
some of the algorithms mentioned earlier, especially sum checking, repeated value checking,
level-based binning, and computed status.

Data Storage

Data are stored on an EMCS either on the RCU, the host, or a long term storage medium. This
data collection facility is often referred to as "trending." Some EMCSs automatically collect
hourly data on all points at all times, and store these data for 24 hours. In both EMCSs and
dataloggers, data are first stored in memory, usually in non-volatile memory—meaning that the
data will not be lost if power is intermupted—and the system has a battery backup in case power is
lost. Usually, some of the memory is reserved for programming and configuration information.
Sometirmes the amount of memory reported for a logger includes this reserved area, but often the
amount of memory available for data storage is reported explicitly. The EPRI survey found that
system memory varied from 20 kbytes to 2 megabytes (EPRI 1992). The C180 has 32 kBytes of
memory for data, and the Data-Trap has 512 kBytes. The Barrington and Landis & Gyr Powers
EMCSs each have I MByte of memory.

Operator Interface

The most sophisticated operator interface in an EMCS is located on the host computer. It is often
a graphical-user interface, using dynamic graphics to intuitively communicate the state of the sys-
tem. The Johnson Controls Metasys EMCS operates under the Windows operating system
(Microsoft 1991). Programming of an EMCS can be done using the host, with techniques that
range from a graphical interface (Johnson Controls 1991), to C-language programming (Teletrol
1991). Interface can also take place at the RCU, through a keypad or a lap-top connection.
Smaller hand-held interface devices are also cominonly used (for example, in the Johnson Con-
trols Metasys), and these can even connect directly into a zone thermostat and communicate with
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Figure II-3. The Effect of COV Level on Demand Profile. COV data were generated from syn-
thetic sinusoidal data, at different COV levels. When the COV level is high relative to mean
demand, the profile is distorted. For a low COV level, however, the data are very similar.
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during times of relatively low demand, which may be of lesser interest. When COV level was low
(squares), effective sampling rate rises, possibly causing communications problems. A moderate
COV level (crosses) resulted in a compromise between the two.
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the entire EMCS network (as is done in the Landis & Gyr Powers System 600). The Barrington
Systems EMCS has a telephone interface that uses voice simulation to allow the EMCS to "talk"
to the operator, and the operator to respond using the telephone keypad.

Communications

Both EMCSs and dataloggers usually have a mechanism for connecting remotely. Both typically
have capabilities for connecting to the system by a direct RS-232 connection or with a telephone.
Dedicated monitoring systems often require a proprietary software on the remote end, as do many
EMCSs.

Comparison of Capabilities

EMCSs and dedicated monitoring systems can contain almost identical equipment for monitor-
ing. Very similar sensors are available, but what is installed in an EMCS will depend on the
needs for control, and will vary from site to site. They also use very similar wiring and storage
technology. Some of the data processing algorithms for dedicated monitoring systems are more
geared to the application of energy monitoring, but most EMCSs could be programmed to pro-
cess the data using similar algorithms. User interface in an EMCS is often quite sophisticated.
Communications capabilities are similar between the two.

However, this kind of comparison is insufficient to evaluate whether or not EMCS monitoring is
possible. It will be necessary to assess what is installed at a site. These technical characteristics
also may not address the more logistical issues that can dominate in a monitoring application.

5. EMCSs for Monitoring

The previous section compared the technical characteristics of EMCSs and dedicated monitoring
systems, They were found to be functionally very similar. Does this mean that EMCSs can be
used in any situation where a dedicated monitoring system would be used? Although their techn-
ical characteristics are very similar, the process of collecting data will be very different. Before
beginning to investigate this, it is important to outline what work has been done by others to
investigate it, and to discuss the methods that might be used to carry out the monitoring.

Previous Work on EMCS Monitoring

Most EMCSs have a monitoring function as a standard feature, suggesting that it is a common
application. However, there is little literature explicitly addressing the usefulness of EMCS mon-
itoring, or for the applications of interest to building energy researchers. This section reviews the
work that has been done, and identifies the few documented cases where it has been used. Most
use of EMCSs for monitoring is informal in nature, and thus not well documented. This section
also presents some of the critique of EMCS-based monitoring that has been presented in the
literature.

o  Using an EMCS for monitoring has been suggested for commercial (Akbari et al. 1987b),
and for industrial buildings (Akbari et al. 1987a and 1988b). In these works, the authors
outlined the basic characteristics of EMCSs, and discussed how they might be used for
monitoring and load-management applications. As a follow on to this, Flora (1986) and
LeConiac et al. (1986) carried out a proof of concept in one building, collecting data and
assessing the potential for this application.

e  Brambley and Lin (1987) demonstrated the use of EMCS monitoring and communications
" capabilities to test and monitor HVAC equipment under proportional-integral-derivative
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(PID) control. To do this, the EMCS overrode its automatic control functions and manipu-
lated actuators, and monitored the response of the system. Problems were encountered with
EMCS data resolution, and occupants overriding the system during tests.

Norford et al. (1987 and 1990) proposed methods of diagnosing building performance,
using the kind of data that is collected by an EMCS. In the first study, they built a proto-
type as an example of how this type of diagnostic could be implemented, but did not use an
actual EMCS in the study. In the second study, they defined the characteristics of a
knowledge-based system for building operations that is designed to work with EMCS data,
but they did not actually build such a system.,

Hartman (1990) suggested that EMCSs can be used for providing more timely energy-
performance feedback to building operators, for use in evaluating control algorithms—for
both short- and long-term strategies. A large hotel was used as a case study, and methods
were presented to calculate degree-day data from EMCS temperature data, to present base-
line energy-consumption data, to calculate expected performance, and to compare expected
to actual performance,

Pape et al. (1991) introduced methods for optimization and fault detection. They stated that
this type of operation could be implemented using data that could come from an EMCSs.

In the Advanced Customer Technology Test (AC’I‘Z), carried out by Pacific Gas & Electric
Company (PG&E), EMCS monitoring was considered (SBW Consulting, Inc. 1991). In an
appendix to their project plan, they discussed the reasons for not selecting it. One of the
reasons cited was the perception that EMCS data were only available for limited time
periods. They also stated that EMCSs often measure only control, status, and operational
variables, and only occasionally end-use energy consumption. Concerns were also stated
about interruption of EMCS functions; liability; data reliability, resolution, and accuracy;
and the requirement to modify hardware and software. The need for standardization espe-
cially between different sectors (e.g., residential and commercial), was also cited.

Daryanian et al. (1992) discussed the optimal operation of a building under real-time prices,
using active thermal storage. They suggested that EMCSs could carry out this type of
optimization, but their prototype was carried out using a remote and dedicated control sys-
tem.

Solberg and Teeters (1992) identified the usefulness of EMCS-monitored data for HVAC
commissioning and operation and maintenance. They suggested a list of points that should
be monitored, for the example of air-handling unit monitoring, and suggested that trends of
these variables should be included in specifications for EMCS systems. They included
some output control data in their list of data to monitor, and acknowledged that these data
are not as reliable as monitoring actual system response.

Champaign (1993) also discussed the use of EMCSs in building commissioning, and
identified trend logs as a useful tool. He discussed the usefulness of "command traces," or
the tracking of not just how a piece of equipment is operating, but why. For example, when
a fan is tmmed off, it may be because of an operator command, fire alarm overrides,
optimum start/stop, demand limiting, or simple time-of-day scheduling. It is useful in diag-
nosis to know why it turned off.

Gustafson (1993) used an EMCS in re-commissioning HVAC equipment at PG&E’s Pacific
Energy Center. Although the EMCS provided data that were quite useful in diagnosing
building operation, the process of collecting the data was burdensome (Gustafson personal
communication).

The Newsletter of the Center for Electric End-Use Data discussed the potential use of
EMCSs for monitoring (CEED 1994). They identified many advantages to using EMCSs
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for monitoring, including the explanatory power of its operational data, and its cost-
effectiveness for collecting end-use data. The article also acknowledged that there are
several potential disadvantages, as well. First, because EMCSs have different design objec-
tives, they will not necessarily be appropriate for collecting load-research data. The fact
that EMCSs typically use their own proprietary communication protocol is cited as another
problem with using EMCSs (although accessing the data by intercepting proprietary com-
munications is only one method of collecting data—see discussion of other methods
below). The advent of open communications protocols will solve this problem. Finally,
utilities are cautioned that they should not necessarily assume that EMCSs will provide
good-quality data, since some systems are not well maintained and do not use well cali-
brated and correctly placed sensors.

e  EMCSs were used in a limited way the Energy Edge evaluation (Piette et al. 1994). At one
site, the EMCS sensors were used as inputs to the Energy Edge monitoring. Additionally, a
translator box was built to convert proprietary EMCS communications into data that the
datalogger could understand. This was quite a difficult process. This method is discussed
in the "Hybrid Logger" discussion later in this chapter.

e In their commissioning efforts, Portland Energy Conservation, Inc. uses in-place EMCSs
when possible. In one study (PECI 1994), they used the EMCS to collect 96 channels of
data. They had minor problems because the data collected were not coincident in time.
They state that they had assumed that the values provided by the EMCS were accurate
without formal testing. In some cases, they explicitly monitored control outputs instead of
observing system response. This was because they were interested in diagnosing control
algorithms and not necessarily quantifying building performance.

e  Quadrel and Lash (1994) discussed different methods of carrying out building diagnosis.
They defined four discrete aspects of the automated diagnosis process: observation of actual
performance, knowledge of expected performance, comparison of actual and expected per-
formance, and explanation of any differences. They discussed available systems that carry
out these different levels of diagnosis, and identified many EMCS models that carry out
partially automated diagnosis using data acquisition, graphical display, and multiple-level
alarming.

e  Tseng et al. (1994) used EMCSs in building commissioning. They included a list of the
types of points to monitor, and made an argument that access to more data would usually
aid commissioning efforts. They claimed that the cost of incremental sensors is small, rela-
tive to the total cost of the EMCS, and that the diagnostic power made available by installa-
tion of these sensors usually offsets this increased first cost. In particular, they suggested
that VAV box air-flow data are often not included in an EMCS, but that they are quite valu-
able in diagnosis. They identified the advantage of monitoring actual hardware points,
rather than relying on output control signals, or other software-derived points. They
identified the need to review data carefully. In one building, they set up 90 points to be
monitored for one year, and 70 additional points to be used for short-term diagnostics.

The work just discussed suggests that there is interest in using EMCS to collect data in building
applications. EMCSs have been used in the context of a range of monitoring applicattons, from
commissioning to energy savings analysis. None of the literature, however, addresses the use of
the EMCS explicitly: it is simply the tool that was used to address other research questions.
Many of these studies simply state that monitoring and analysis can be performed with an EMCS,
but stop short of actually carrying out that monitoring and analysis with a real EMCS. In some
cases, EMCS data collection is carried out, and problems with using the data are cited, although
in no cases has explicit verification of the data been presented. These works stop short of
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performing a detailed comparison of EMCS monitoring with other methods, and do not analyze
the detailed capabilities of EMCSs in general, or the needs for monitoring. It is apparent that
research is needed to confirm its use.

Methods for Monitoring Using an EMCS

Earlier studies that touched on EMCS-based monitoring also did not present detailed documenta-
tion of methods that are used for obtaining data from the EMCSs. There are many different ways
that one could transfer data from an EMCS to a remote polling computer, and each would have
advantages and disadvantages. These methods are summarized here and in Figures II-5 through
II-9. The relative advantages and disadvantages of each are discussed, and summarized in Table
II-4. In general, it seems that upcoming methods of collecting information from an EMCS hold
the most promise for application to building performance monitoring.

Generic terminal method: The procedure used in the case studies that appear later in this disserta-
tion was to use a "remote” IBM PC-compatible computer (i.e., the computer is remote from the
building being monitored) with a modem to dial up and connect to the EMCS’s modem (see Fig-
ure II-5). This method can use any commercially available communications program. One then
uses the remote computer to act as a terminal and log onto the EMCS system just as any other
user, and run the trend utility, requesting that the data report be presented on the screen. The
entire session is recorded in a log file on the remote computer, so that while the report is
displayed on the screen, it is simultaneously recorded on the remote computer’s disk. This pro-
cedure could be automnated using a script file to watch for certain prompts coming from the
EMCS, and to output the proper responses.

Proprietary method: Although the Generic Terminal method was used in the case studies, there
are several alternate ways to retrieve data from the EMCS. In the Proprietary Method, the con-
nection between the remote polling computer and the EMCS can be made via a LAN, an RS-232
connection, or a modem and phone line (see Figure II-6). In this scenario, proprietary software on
the polling computer interacts directly with the EMCS software to request transfer of the data.
Since direct-wired RS-232 communication can only be carried out over a limited distance (up to
about fifty feet, Omega 1992}, this requires the polling computer to be on-site—so that it is not
truly remote. With a LAN connection, similarly, the computer may have to be on-site. For
remote monitoring, a modem connection would be used. This method of collecting data could
require installation of a different proprietary program for each building monitored.

Remote control method: The Remote Control method, (see Figure II-7), makes use of remote-
control software. This software essentially allows remote control of a computer. The EMCS
computer initiates a TSR (terminate/stay resident) program, and then invokes the EMCS pro-
gram. The resident software runs in the background, constantly watching for a modem connec-
tion from the remote computer running its counterpart program. Once the EMCS software
detects the presence of another computer running the remote software, it allows the person using
the remote computer to issue commands to the EMCS computer. It is possible to password pro-
tect this connection. Any remote computer, then, can run the software on the EMCS computer.
The result of this is that the remote polling computer can run a common and cormmmerciaily avail-
able program to make a connection to the EMCS and run the proprietary EMCS software, while
seeing the resuits on the remote screen. Several EMCSs use the same remote-control software for
remote communication, so it could be used fairly generally. When using the Proprietary Method,
the retrieved data are stored on the disk of the remote polling computer. In the Remote Control
Method, the same procedure is used to retrieve the data, although they are stored to the EMCS



Table I1I-4. Evaluation of Methods of EMCS Monitoring.

Generic  Remote File Hybnid (Future)
Proprietary Terminal Control  Transfer Logger Windows

Easily

Automated ? ? ? + + +
Short

Time + — ? + ? +
Error

Checking + — — + ? +
No

Interference ? ? — — — +
Easily

Processed + — — + + +
Generic

Access — + + + + +
Software

Generic

Access — — — + + +
Methods

Easily

Implemented — + + + — +

+ indicates that the characteristic is present.
— indicates that the characteristic is not present.
? indicates that the characteristic may or may not be present, depending on the project.



34

JINduIod 910wl oY) uo parnides 9q A[SNOUEINUITS UBD PUE ‘UIIIIS Ay U0 Pake|dsIp 94 [[IM ejep o], EIep [EOLOISIY 35onbal pue aIemajos
SOH 33 03 193UUGD 0F PSR ST AIEMIJOS SUONEDIURUWILOD SHRUAD) ‘SN Ue W0y B8 Supas[[o) JO POYIRIIA [BUIULIDY, JLIDESD G-I 03[y

f HSIQ

{ wagow | [guvonvi]

H31NdWOD 1SOH SOW3 ._ QUVI NV

HITIQHINOD
SOW3

H31NdWO2 3LOWAY




35

31y sjoural e ojut paimyded pue U910 9y) U0 pakedsip Jo pawsJsuRn JOYIIR 3q UBD Iy BIEP 2], ‘JNRdUI0D 150Y J0 I3[[0NU0D SONH 2UI PIm
SIBAUNWIWOD 03 JANAWOD IOWAI 9Y) UO PIsH SI 9Temos SHINH Areroudord “SHNA we wody epe( Supdafo)) Jo poqR LAreppxdoxy “9-Tf aandtg

(XXXX

X
. W30OW
& > @
HALNIWOD FLOWIH

H3ATTOHINOD
SOW3.




36

‘useIds AN uo anydes
103 paARIdSIp pue ‘IS[[ONUOD Y} WOL PIUTRIQO 9q UEd BIRp AL "9NS oY) I8 sondwos SOWH U} U0 SopISaI Jelt aIemos SONH SU) unt o3 rendwos

S10UIRI 3 MO[[E O) PAST ST SILMIFOS [ONUOI-910WAL JQR[IBAR AJ[EISUSD) SO UL Woly jed Supdsfje) Jo POyl jonmoy) Noway -1 andg

Asta
@
&
®
L
‘ AMV ‘ {“wacow | [auvonvi} d
Y3ILNAWOD 3L0WIY Y3LNdNOD LSOK SONE QHVO Y1
: HITIOHINOD

SOn3




37

disk. The data must then be displayed on the remote screen, and simultaneously captured into a
log file on the remote computer disk.

File transfer method: A simpler variation on the Remote Control method is possible (see Figure
II-8). It is possible to program the EMCS to retrieve data from the local controller automatically
and store the data in an EMCS disk file. Once the data are on the disk, the EMCS software can be
exited, and the file can be transferred to the remote computer. If a dedicated computer is added to
the network, this would work well. However, if a connection is established with the existing
EMCS computer, taking over and exiting EMCS software would not be a reasonable option.

Hybrid logger method: Another method is a hybrid EMCS/conventional datalogger approach (see
Figure II-9). In this method, a conventional logger is used to tap into the EMCS at some point.
An advantage to this method is that once the data are collected, they are in a format consistent
with other data collected by the logger. Two such techniques were used by the monitoring con-
tractors and sponsors in the Energy Edge monitoring project (see Piette et al. 1994), where the
dedicated datalogger tapped directly into some of the EMCS sensors, and also tapped mto the
EMCS communication network to collect EMCS data.

The first approach is a possibility only if the input impedance of the monitoring device is high
enough—at least in the megaohm range—which is likely in any monitoring device. One draw-
back of this approach is that wires have to be run out to the zone sensors, adding to the expense
and the intrusiveness of the monitoring project. With the advent of wireless sensors, this problem
would be eliminated.

In the second approach, a translator box can be used as an interface between the EMCS and a
dedicated datalogger. This box taps directly into the communications bus and translates from the
proprietary EMCS communications protocol to the protocol used by the datalogger. The box also
functions to resolve timing issues by serving as a buffer to store the EMCS data until the logger
requests them. This approach requires access to proprietary data protocols. Note that this is the
only monitoring method that requires knowledge of low-level communications protocols.

Upcoming methods: With new generations of EMCSs, having complex network architecture and
multi-tasking capabilities, there will be new methods for accessing the systemns and transferring
data. One of the methods with the most promise is based on multi-tasking software. Many EMCS
manufacturers are starting to offer a version of the EMCS software that runs under Microsoft
Windows or OS2, and takes advantage of data exchange capabilities. In this scenario, data are
automatically written to an EMCS computer disk in a format designed to be read by other
software. Remote access is made via a generic communications program running in one window,
- while the EMCS software is running in another window on the same EMCS computer. It would
then be possible to transfer the data without the proprietary EMCS software being interrupted,
and without an operator even noticing the connection. This method would allow use of generic
communications software, error checking, a totally transparent connection, simple and quick data
transfer, and an easily processed file format. This should enhance the usefulness of EMCSs for
monitoring in future years. Since these Windows-based models were not commonly available at
the time of this writing, they have not been investigated, however they are a very promising
method of collecting EMCS data.

Another advancement in upcoming EMCS generations that will have implications for monitoring
is the advent of open protocols for EMCS communication. Standardization mechanisms, such as
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the BACNet protocol (discussed earlier) would make both EMCS-based and hybrid approaches
much more feasible. One method would be the possibility for 2 more standardized front-end.
One could imagine the development of a “black box" that allowed a standardized window into an
EMCS, and a secure storage area for very reliable storage of consumption data. This storage area
could be made secure from both inadvertent reprogramming and intentional tampering, and thus
could form the basis of utility revenue metering. Another way that standardized communications
protocols would affect EMCS monitoring is by allowing loggers to connect into the EMCS at any
location, and collect data without having to adjust for different manufacturers’ proprietary com-
munications protocols.

6. Conclusions

The intent of this chapter was to describe EMCSs and monitoring tools technically, in such a way
that the two can be compared. This was done by outlining the development and architecture of
both EMCSs and dedicated monitoring equipment. The fundamental characteristics that are com-
mon in both types of equipment were described generically, and then the differences between the
two were identified. Previous work in EMCS monitoring and methods for monitoring with
EMCSs were also presented.

It was found that both technologies are advancing very rapidly. EMCSs and dedicated monitor-
ing systems are very similar in hardware: they usc the same types of sensors, wiring, storage
media, and processing. As a first assessment, this chapter suggests that EMCSs monitoring has a
great deal of promise. It has generated a significant deal of interest in the building science com-
munity. However, there has been no work done to confirm that EMCSs are adequate alternatives
to more conventional monitoring equipment, or to develop methods for assessing that adequacy
in particular situations. The following chapters of this dissertation investigate this application
further, to find out how effectively it wilt really achieve monitoring objectives.
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III. REVIEW OF MONITORING PROJECTS

Selecting tools for monitoring is more complex than simply comparing technical specifications,
as was done in the previous chapter. An important premise of this dissertation is that in any mon-
itoring project, several planning steps must be taken: definition of the project’s objectives, assess-
ment of characteristics required of tools, identification of available resources and potential
approaches, and evaluation of possible approaches. There is a spectrum of methods for evaluat-
ing building performance, ranging from pure monitoring to pure analysis. In many cases, a
hybrid approach is optimum. Tools must be selected to be a good match with the objectives,-
resources, and limitations in the project. This is particularly true since there is pressure to spend
limited monitoring dollars effectively, a strong need for reliability and authority in monitoring
results, and a broad array of available monitoring tools and analytic techniques.

Although EMCS data collection hardware is similar to the hardware in a dedicated monitoring
system, the methods used for monitoring, the different data available from the EMCS, and the
constraints imposed by using someone else’s equipment make it a very different process. Assess-
ing whether or not EMCS monitoring makes sense in a given monitoring project requires going
back to assessment of overall objectives of the application, and its constraints. The primary
objective of this chapter is to create a general framework for this kind of monitoring project plan-
ning. Defining the basic attributes that a successful monitoring tool should have creates a basis
for constructing guidelines for evaluating the potential for EMCS momtonng These guidelines
will be presented in Chapter V.

The scope of this chapter is purposely broad: since the tools suitable for different applications are
likely to be different, it is appropriate to begin by discussing a broad range of applications. Later
chapters of the dissertation, however, will focus on a single application: long-term, third-party,
remote monitoring for evaluation of energy savings. By looking more closely at this application
in later chapters, it will be possible to draw more specific conclusions and recommendations.

1. Existing Frameworks for Monitoring Preject Planning

- Despite advances in the industry, there remains a tendency in building monitoring to monitor first
and ask questions after, and to focus more on monitoring considerations and issues than on the
ultimate objectives of the monitoring. It is quite important to carry out thorough planning of a
monitoring project to ensure that it meets its objectives in as effective and as efficient a manner as
possible. Several different frameworks have been used to describe the process of planning a
monitoring project.

In a workshop sponsored by the International Energy Agency (JEA), several monitoring profes-

sionals outlined the process for planning a monitoring project (see Fracastoro 1990, Gay 1990,

Haberl et al. 1990, Stoops 1990, and Ternes 1990). These papers all discussed monitoring,

presented the need for planning, and broke the planning process down into several steps:

e  Fracastoro (1990) defined the following steps: understanding the task, definition of the aim
of the investigation, evaluation of the problem, description of the system, design of the
experiment and choice of model, planning of measurements, measurement campaign, and
data analysis and presentation.

e  Gay (1990) defined the following steps clear definition of the objectives, inventory of the
existing data, selection of the experimental strategy, measurements, and deduction of the
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expected answers.

¢  Haberl et al. (1990) discussed the need to categorize the beneficiaries of the monitoring pro-
ject, the type of project, the design of the experiment and the extent of the monitoring.
They went on to discuss the types of trade-offs that will have to be made to balance these
four categories.

o  Stoops (1990) cited the following explicit steps for an evaluation monitoring project:
evaluation design, analysis methodology, data needs assessment, monitoring design, data
processing assessment/development, pilot test, full-scale implementation, quality assurance,
operations, results production, and project termination.

®  Temes (1990} identified the following eight parts of the planning step: research questions
and project constraints, analysis results, experimental design, analysis methods, field data,
monitoring instrumentation, iterate on developed plan, and planning details.

In most monitoring efforts, the monitoring planning is formalized into a2 monitoring protocol.
ASHRAE (1991), van Amerongen (1990), Mazzucchi (1987b), Misuriello (1987), Misuriello
(1990}, and Mixon (1989) discussed the needs for such protocols, or standardized project plan-
ning methodologies. In 1987, Misuriello defined protocols as “standardized experimental designs
intended to answer specific building energy systems research questions through the collection and
analysis of field performance data,” and outlined a process by which uniform protocols could be
developed. This process would include: definition of a classification system to group monitoring
projects based on similarities in goals, approach and data requirements; identification of standard
termlnology and definitions; and provision of a guide specification that includes the following
issues:

e  statement of goals, objectives and research questions to be addressed,
¢  specification of data products that meet the objectives of the projects,
¢  specification of an experimental design approach,

specification of data analysis procedures and algorithms,
specification of field-monitoring data points,

specification of verification and quality control procedures,
hardware selection guidelines, and

e  recording and data exchange formats.

In describing the issue of hardware selection guidelines, Misuriello goes on to say:
"The selection of specific data acquisition hardware and associated sensors is recommended
to be one of the final steps in the development of a monitoring protocol, This is because the
hardware is driven by the analytical requirements developed through the structured pro-
cedure described above. As mentioned previously, there are certain trade-off constraints
that need to be integrated into this process. However, the important point to note is that the
design of a monitoring project should not begin with hardware selection." _

In 1992, several papers were published in ASHRAE Transactions discussing the standardization
of reporting of building characteristics data. Three of these papers were Haberl et al. 1992a,
Landsberg 92, and Mazzucchi 1992. In its 1991 Applications Handbook, ASHRAE published
guidelines on planning of monitoring projects (ASHRAE 1991). The steps outlined in this hand-
book were identical to those above, recommended by Misuriello (1987), except that there is no
guidance on hardware selection.



43

The common theme in all these papers was the need to identify objectives at the outset in a very
thorough way, and use these objectives to guide decisions made over the life of the project. This
will ensure that the monitoring will answer the research question, and do so in the most appropri-
ate manner. The choice of monitoring tools is one of the decisions that must be informed by the
clear assessment of objectives, Few of the types of papers discussed above go into any details on
what the most appropriate tools are, or into the process that should be undertaken to select the
tools. They assume that selecting the most appropriate tool for a monitoring application is a
straightforward decision, and that the answer will become immediately apparent throughout the
objectives assessment. However, they do not discuss in detail how this happens, and they do not
provide guidance on determining appropriate tools. These frameworks are quite important contri-
butions in ensuring that project objectives are achieved, although these frameworks were not
designed to compare different monitoring methods, or to assess new methods of monitoring.

2. Proposed Framework for Monitoring Project Planning

Evaluating the usefulness of new tools for monitoring requires a planning process that defines
objectives, assesses both needs and resources, considers alternative approaches to meeting the
project objectives, and evaluates the approaches considered. Such a process is defined in this
chapter, and used in the remainder of this dissertation as a tool in evaluating EMCSs for monitor-
ing.

Figure III-1 describes the overall-sequence for the project planning process. First, the project
objectives are defined. The constraints faced by the project, and the resources available within
the project and on the site are next assessed. The monitoring and analysis approach one selects is
the mechanism by which the project resources are applied to meet the project objectives and con-
straints. Alternative potential approaches are considered. Finally, the feasibility of the project is
assessed: evaluating whether or not the project objectives and constraints will be met effectively
using the available resources.

The monitoring project planning process thus is a combination of self-assessment and
information-gathering processes. These planning steps will be carried out by the entity with
overall responsibility for the monitoring, in consultation with project sponsors and any monitor-
ing subcontractors. They must be carried out early in the project, and revisited frequently
throughout the life of the project. Although Figure III-1 indicates the sequence in which the dif-
ferent issues are taken up, once all have been considered, the process is iterative: each step
influences and is influenced by the other steps. Table III-1 summarizes the categories of monitor-
ing efforts, and identifies the principal objectives, constraints, resources and approaches typically
associated with that application. The following sections discuss the five steps in the monitoring
project planning process in more detail.

Identify Objectives

It is quite important that a monitoring project be well thought out before monitoring ever begins.
Because there is often more than one way to carry out a monitoring project, and many decisions
must be made in the course of a project, it is important to be explicitly aware of the overall objec-
tives of the project. Objectives can describe why one is doing the monitoring project, the general
direction the monitoring will take, and the quantifiable targets that will be achieved. The objec-
tives will depend on who pays for the monitoring, what their financial interest is in the results of
the monitoring, and who is carrying out the monitoring. If the building owner is sponsoring the
monitoring effort, then s/he will have very different objectives than if an outsider is sponsoring
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Table I1I-1, Attributes of Different Categories of Monitoring Efforts.

Objectives

Constraints

Resources

Approaches

Savings
Evaluation

Data Quality

Little Time

Impact of Building
Impact on Building
Standardization
Control

Budget

Expertise

Related Projects
Equipment Owned

Test-reference
Quantification
Observation
Large Scale
Varying Duration
Few Channels
Hourly Interval
Remote

Utility Bills
Audits, Surveys
Comparison Bldgs.
End-use Disagg.
Simulation Tuning
Temperature Corr.
Proxies

Savings
Verification

Data Quality

Cost

Little Time

Ease of Use
Impact of Building
Impact on Building
Control

Budget

Expertise

Related Projects
Equipment Owned

Equipment on Site

Before-after
Verification
Observation
Large Scale

Long Duration
Few Channels
Short Interval
Onsite/Remote
Utility Bills
Operational Data
Audits, Surveys
Enduse Disagg.
Simulation Tuning
Temperature Corr.
Data Visualization
Proxies

Commissioning

Data Quaitty

Little Time

Impact on Building
Control

Expertise
Connection to Site
Equipment on Site

Simulated baseline
Verification
Intervention

Small Scale

Short Duration
Many Channels
Short Interval
Onsite
Operational Data
Audits, Surveys
Data Visualization
Mo/Day Summaries
Proxies

Operation
and
Maintenance

Data Quality

Cost

Eage of Use
Impact of Building
Impact on Building

Connection to Sitc
Equipment on Site

Nonexp. Ref.
Verification
Intervention

Small Scale

Long Duration
Many Channels
Varied Intervals
Onsite

Utility Bills
Operational Data
Comparison Bldgs.
Enduse Disagg.
Data Visualization
Mo/Day Summaries
Proxies
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Objectives

Constraints

Resources

Approaches

Building
Optimization

Data Quality
Ease of Use
Control

Connection to Site
Equipment on Site

Quantification
Intervention
Small Scale

Long Duration
Few Channels
Short Interval
Onsite
Operational Data
Enduse Disagg.
Simulation Tuning
Temperature Corr.
Data Visvalization
Mo/Day Summartes
Proxies

Identification
of )
Conservation
Potentials

Cost
Ease of Use

Connection to Site
Equipment on Site

Nonexp. Ref.
Verification
Intervention

Small Scale

Short Duration
Many Channels
Varying Interval
Onsite

Utility Bills
Operational Data
Audits, Surveys
Comparison Buildings
Enduse Disagg.
Temperature Corr.
Data Visuvalization
Mo/Day Summaries
Proxies

Technology
Assessment

Data Quality

Cost

Ease of Use
Impact on Building

Related Projects

Equipment on Site

On-oft
Verification
Quantification
Observation
Small Scale
Short Duration
Many Channels
Short Interval
Onsite
Operational Data
Audits, Surveys
Data Visualization

Demonstration

Data Quality
Ease of Use
Impact on Building

Connection to Site

Related Projects

Equipment Owned
Equipment on Site

On-off
Verification
Quantification
Qbservation
Small Scale
Medium Duration
Many Channels
Hourly Interval
Onsite
Operational Data
Data Visualization
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Objectives

Constraints

Resources

Approaches

Baseline
Determination

Data Quality
Impact of Building
Impact on Building
Standardization
Control

Expertise
Related Projects
Equipment Owned

Quantification
Observation

Large Scale
Medium Duration
Few Channels
Hourly Interval
Remote

Audits, Surveys
Comparison Bldgs.
Enduse Disagg.
Data Visunalization
Mo/Day Summaries
Proxies

Energy
Accounting

Cost
Ease of Use

Connection to Site
Equipment on Site

Quantification
Observation

Small Scale

Long Duration
Few Channels
Long Interval
Onsite

Utility Bills
Comparison Bldgs.
Enduse Disagg.
Temperature Corr.
Data Visualization
Mo/Day Summaries
Proxies

Utitity
Revenue
Metering

Data Quality

Cost

Impact of Building
Impact on Building
Standardization
Control

Expertise
Connection to Site
Equipment Owned

Quantification
Observation

Large Scale

Long Duratien

Few Channels
Hourly Interval
Remote

Data Visualization
Mo/Day Summaries
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the effort. And if a third party carries out the monitoring, even if they are representing the build-
ing management they will have different constraints: for example, they will have limited access
to the building. The objectives can be categorized, and these categories are listed in Table ITI-1
and discussed below: '

¢  Savings evaluation: Since utilities in several areas are currently monetarily rewarded for
their success at conserving energy, it is important to be able to measure how much energy is
saved. Monitoring is an important part in this measurement process. The objective in these
measurement studies is to determine the net annual energy and demand savings attributable
to a program. Since it is important that this measurement be done in a standardized way,
protocols for measurement for this particular application have been produced by utilities
(see, for example, CPUC 1992, and SBW Consulting Inc. 1994), and by the energy service
providers (NAESCO 1992). Both of these protocols stressed the importance of "ex post"
measurements: some part of the payments for energy conservation are conditional on com-
pletion and verification of studies that demonstrate that savings have occurred. Monitoring
is an important part of this "ex post" measurement. Three additional sources of information
on measurement in evaluation of savings for DSM programs are EPRI (1991a, 1991b, and
in press).
Savings must also be evaluated in governmental programs. An example of a governmental
program is the Texas LoanSTAR monitoring and analysis program (Claridge et al. 1991b).
In this program, state-owned buildings receive loans to install energy retrofits, and monitor-
ing is used to determine what the savings are. Another example of monitoring in evaluation
programs is the Energy Edge evaluation (Gardner and Lambert 1987, and Piette et al. 1994).

®  Savings verification: Closely related to evaluation of savings is verification of savings. In
these cases, the objective is to satisfy contractual terms in verifying that projected savings
are realized. This differs from true evaluation in a reduced need for statistical significance,
contractual rather than academic standards, ability to change the assumptions by mutual
consent, restricted timelines, need for simplicity or transparency, and the need for closure
(Kushler et al. 1992). Verification is often required in third-party financing, shared savings,
and demand-side resource bidding contracts.

o  Commissioning: Commissioning has been defined as "The act of statically and dynamically
testing the operation of equipment and building systems to ensure that they operate as
designed and can satisfactorily meet the needs of the building throughout the entire range of
operating conditions" (BPA 1992). The objective of monitoring in commissioning is to
observe the behavior of the building and systems, in order to understand its performance.
Commissioning usually takes place immediately after a building is built or after a retrofit is
installed. Commissioning is sometimes funded by a utility that is providing incentive pay-
ments for incorporation of energy conservation measures. One example of a commission-
ing program is that carried out by Pacific Power and Light, in Oregon. A report to Clark
Public Utilities documented one of the monitored sites: SEH America (PECI 1994). At this
site, 92 parameters were measured at 15-minute intervals using an EMCS. The objective of
the project was to find elements of the system that were not operating as intended and to
identify opportunities to improve the efficiency of the building’s systems. Other examples
of the use of monitoring in commissioning can be found in Brohard and Krieg (1994),
Champagne (1993), and Tseng et al. (1994)—the latter two of which use EMCSs in the
commissioning efforts.

o Operation and maintenance: Operation and maintenance (O&M) feedback can be thought
of as ongoing commissioning. The objective of monitoring is to identify problems affecting
efficiency and remedy them. One example of this kind of monitoring was carried out at
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PG&E’s Pacific Energy Center, in San Francisco, CA. The results of this monitoring effort
were shown in a document that described the objectives of “re-commissioning,” and .pro-
vided a performance verification testing plan (Gustafson 1993). Other examples the use of
measured data in operation and maintenance are Athar et al. (1992), Haberl and Vajda
(1988), Haberl et al. (1989), Herzog and LaVine (1992), Pape et al. (1991), Quadrel and
Lash (1994), and Tanaka and Miyasaka (1994).

Building optimization: Under dynamic conditions such as varying weather, occupancy, and
rate structures, it is appropriate to optimize building operation. The objective of monitoring
in this application is to provide feedback on building performance that is needed to minim-
ize building energy use and cost while maximizing building utility. For example, a build-
ing with real-time rates would have to track past performance to be able to predict future
performance and adjust operation to meet cost minimization objectives. Akbari and
Heinemeier (1990), Akbari et al. (1989), and Blumstein et al. (1991) discuss the possibility
of using real-time rates to send optimal economic signals to commercial buildings, and dis-
cuss the need for buildings to optimize their consumption. Braun (1990) and Daryanian et
al. (1992) discussed the strategic use of thermal storage to respond to real time prices, and
Cumali (1988) discussed the optimization of pumps, chiller, and fan power.

Identification of conservation potentials: Monitoring can be an invaluable tool in identify-
ing possible conservation measures. The objective of monitoring here is to identify how the
building energy systems are currently using energy, and carefully observe patterns in con-
sumption, thereby identifying areas of waste. Examples where monitoring was used for this
application are Akbari et al. (1992), Haberl and Komor (1989), and Mazzucchi and Lo
(1989).

Technology assessment: An important application of monitoring is technology assessment.
Often, it is impossible to understand or predict equipment consumption simply from design
calculations or laboratory tests. The objective of monitoring in this application is to give a
true picture of the building or system performance, and to uncover design problems or real-
world operation effects that were not anticipated. Lorenzetti and Norford (1992), for exam-
ple, used monitored data to assess the performance of variable-air volume distribution sys-
tems. Katipamula and Claridge (1992) studied air-handling units with monitored data.
Hughes et al. (1987) used monitoring to carry out technical and market assessment of
HVAC equipment. An extensive study of the Enerplex buildings in New Jersey allowed
study of their conservation features: double glazed curtain walls, earth mass thermal
storage, and natural ice mass cooling (see Harrje et al. 1984, DeCicco et al. 1986 and Nor-
ford et al. 1986.)

Demonstration: Another objective of monitoring is to demonstrate the potential of energy
conservation measures. This is often as important as developing the technologies them-
selves. One example of the use of monitoring for this application is the Advanced Customer
Technology Test (ACTz) for Maximum Energy Efficiency, carried out by PG&E (SBW Con-
sulting, Inc. 1991). In this program, the utility attempted to determine the potential energy
savings that can be obtained using cost-effective and available technologies. Retrofits were
installed in case study sites, and they were carefully monitored before and after, both to
determine energy savings and to ensure that customer acceptability is maintained.

Baseline determination: Monitoring of individual buildings is also done for baseline stu-
dies. The objective in these studies is to understand present conditions thoroughly, to pro-
vide a solid basis for any kind of energy forecasting or program planning activities. For
example, in 1988 Southern California Edison (SCE) carried out an end-use load study, in
which they monitored HVAC, lighting, and other end uses in about 53 sites (ADM 1989).
The objective of this study was to quantify the consumption of a representative sample of
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buildings in SCE’s service territory. Other examples of programs to study the performance
of existing buildings are the End-use Load and Consumer Assessment Program (ELCAP—
see Gillman et al. 1989, Taylor 1992, Taylor and Pratt 1989, Mazzucchi 1987a), PG&E'’s
Commercial End-Use Metering Project (Baker and Guliiasi 1988, and Kasmar 1989), and
Sierra Pacific Power Company’s Energy Information Project (Wright and Richards 1989).

e  Energy accounting: Another objective of monitoring is to keep track of energy use and
energy expenditures, as the first step in an overall energy-management strategy. The
ASHRAE Handbook of HVAC Systems and Applications has a chapter on this kind of energy
management (ASHRAE 1987b). Particularly when there are several buildings within a
complex, or a chain of buildings, it is important to track building consumption over time to
identify buildings that require attention and possibly retrofits, and to identify the savings
from those retrofits. Many EMCSs carry out energy accounting, while it is most conven-
tionally done by simply tracking utility bills. In carrying out energy management stra-
tegies, one should have more detail than can be obtained from utility bills, however. End
use information would allow more relevant comparison of buildings, and clearer tracking
over time.

e Utility revenue metering: One final objective for metering is to provide the basis for billing
for energy supplies. Revenue metering is conventionally done with very robust and time-
tested meters (EEI 1981). These are manually read about once a month, and bills are based
on these readings. With the advent of more complex rate structures, such as time-of-use
rates, peak demand charges, real-time pricing, and interruptible rates, however, it would be
advantageous to have a more complex meter. It would also be advantageous to have meters
that can be read remotely.

Identify Constraints

After defining principal objectives, other related considerations are defined. While objectives
describe what is required from the results of the monitoring, these constraints describe what is
required throughout the process of monitoring. These constraints may be relevant in different
monitoring projects in different proportions, and are described below. The list is based, in part,
on two surveys that were performed in recent years to assess the needs for monitoring in utility
DSM evaluation and load research projects (EPRI 1989b, and Misuriello and Hopkins 1992).

¢ Data quality: One of the most important considerations made in choosing equipment is how
closely the resulting data will represent the factor being measured. Many factors contribute
to this: accuracy, precision, resolution, linearity, and reliability. It may also deal with the
degree to which the data provide the answer to the research question. The ability to review
data as they are collected is another important determinant of data quality. Several early
field researchers commented on the need to review data as they are coming in (DeCicco et
al. 1986 and Harje 1982). However, the usefulness of reviewing data in real-time depends
entirely on the ability to judge the quality of the data. This requires capabilities for data
visualization or 2 way of determining expected values.

e  Cost: Costs incurred by a monitoring project can include design, hardware, installation,
commissioning, data retrieval, maintenance, and removal of equipment. Depending on the
resources and the needs for accuracy, a project may sacrifice accuracy for cost. If use of
low cost—but less accurate—equipment enables monitoring of more buildings, this might
reduce the overall uncertainty of the result.

e  Time: Time required for a project also includes several factors: design, installation, com-

missioning, data retrieval, maintenance, and removal of equipment. Often a monitoring
project will require a quick startup. If installation of retrofits is held up in order to collect
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pre-retrofit data, there will be significant pressure to install the equipment quickly, and
equipment that has to be specially ordered will often not be used. Ease of installation and
time required for startup are also important. Labor costs can be minimized by using easy-
to-install sensors, thereby minimizing both the time required to install them, and the exper-
tise required in the installation personnel.

Ease of use: The ease of use of monitoring equipment is related to both time and money.
Equipment that is simple to install, configure, and maintain will require less time to work
with and also require personnel with fewer specialized qualifications. Equipment that is
simple to use will also be less prone to errors. Some of the related needs for future monitor-
ing equipment identified by Misuriello and Hopkins (1992) are: pre-defined "field-kits" to
monitor common retrofits, proxy measurements that can substitute for harder-to-measure
parameters, self-monitoring appliances, "smart” dataloggers that have on-site data process-
ing capabilities, and expert system applications. Good documentation is also important in
monitoring equipment. These would all contribute greatly to the ease of implementing
monitoring.

Impact of building on monitoring: Sensors and data collection equipment can be modified
or damaged by building occupants and operations personnel. This can be either willful des-
truction or removal of the equipment, or accidental damage to the equipment or data
(O’'Neal et al. 1992).

Impact of monitoring on building: It may be unacceptable to have any disruption of build-
ing occupants, or require any time from the building operations staff. This will depend to a
great extent on who is carrying out the monitoring, what interest the building management
has in the results in the monitoring, and the relationship between building management and
building occupants. The installation of monitoring equipment in a facility may also raise
liability concerns. Whenever connecting electrical equipment to building equipment, issues
of electrical isolation and interference must be considered. However, if the building equip-
ment experiences problems after monitoring is instailed, a monitoring project could face lia-
bility claims, even if the monitoring did not cause the problem.

Standardization: In some cases standardization of equipment and procedures is of primary
concern. This is particularly true in large projects with many different buildings. Another
situation in which this is a primary need is utility and shared-savings programs, where one
party must justify to another that savings have occurred. In this case, using standardized
equipment and procedures aids in the justification. A related concern is compatibility
between equipment and data from other projects.

Control: In all monitoring studies, the person doing the monitoring needs to have control
over the data. However, if the equipment resides in another’s building, that sense of control
could be strained. Tools and methods that maintain the monitoring team’s degree of control
over the data will be preferable.

Identify Resources

After assessing the constraints of a monitoring project, a careful assessment of resources avail-
able for the monitoring project should be carried out. In a project where money is no object, this
step could be overlooked, but most projects have a limited budget, and an attempt must be made
to make the best use of these resources. Resources will be needed at the start of the project for
planning and installation, and throughout the course of the monitoring for the collection and pro-
cessing of data, and the maintenance of monitoring equipment.

Budget: Financial resources available to a monitoring project can vary greatly. The moni-
toring budget can sometimes be expressed as dollars per building monitored, dollars per
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point, or a percentage of retrofit or conservation measure cost. Often, there are limitations
on how the monitering budget can be spent, in terms of capital versus labor costs. The
budget for a project should include up-front costs, as well as ongoing costs for data
refrieval, analysis, and maintenance.

Expertise: Individuals at or near the site or within the monitoring project who have particu-
lar expertise, incentive, and willingness to participate in the monitoring can be a resource in
monitoring. An example of this is the monitoring and control system installed at the steam
plant at Texas A&M. Because of the availability of highly educated and inexpensive
engineering students, much of the system could be custom designed (Heinemeier and
Akbari 1993).

Connection to site: An advantageous geographical or organizational connection to site can
be beneficial in a monitoring project. An example of this is monitoring of a large engineer-
ing building on the Texas A&M campus (Katipamula and Claridge 1992). Access to the
building was greatly facilitated by the fact that the monitoring team had their headquarters
next door to the studied building.”

Related projects: If similar or complementary projects are taking place at the same time, it
may be possible to achieve an economy of scale by carrying them out jointly or sequen-
tially. For example, the monitoring carried out for this dissertation was used not only to
assess the use of EMCSs for monitoring, but also to provide savings estimates for a shared-
savings contract.

Equipment owned: Monitoring equipment already owned by the monitoring team (or avail-
able to the team) may be a useful resource in a project. Even if the equipment is not what
would have been otherwise chosen, if it is already available, it may be the best choice.

Equipment on site; Equipment already existing at the site, such as an EMCS, computers,
sensors, or wiring, might be used in a monitoring project. One example of this is the base-
line monitoring that was performed at Lawrence Berkeley Laboratory’s Building 62 (LBL
1989). This equipment was left in place after the study. Several years later, it was decided
to monitor the building after the retrofit, to estimate savings, and the original CTs were used
with a new logger. Another example of this is the Emerald Public Utilities District build-
ing, where existing EMCS sensors were used in a monitoring project (Piette et al. 1994).

Identify Approaches

The monitoring approach is a proposed action plan for achieving the monitoring project’s objec-
tives. Inputs, outputs and methods should be defined early, although it is common to have to
adjust some of these aspects as the project progresses. It is at this point in the process that the
channels to be monitored are defined, accuracy requirements are set, and resources are matched to
requirements to determine what methods will be used. In some cases, the monitoring approach
will be dictated by external forces, for example by protocols for Demand Side Management
(DSM) measurement and evaluation (CPUC 1994). In other cases, there is more latitude in the
selection of an approach.

Experimental Design.. The experimental design is the conceptual plan by which the
research question embodied in the project objectives will be answered. Several different
experimental designs might be used to answer the research question. Some of the general
strategies or experimental designs that could be used are described in detail in ASHRAE
(1991), and summarized below:

—  Before-after: Data on building or system operation are collected before a conservation
measure is installed or energy management strategy is enacted to establish a baseline,
and then after to detect the effects of the measure. Other kinds of changes that affect
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consumption must also be accounted for, such as weather or changes in occupancy.
An example of this approach is the LoanSTAR program, described earlier, and again
in Chapter IV. In that program, whenever possible, buildings were monitored both
before and after installation of a retrofit (Claridge et al. 1991b).

Simulated baseline: In the case of a new building, there is no period of time before a
measure is installed. In cases such as this, the actual performance, or a simulation of a
building with the measure can be compared to a simulation of the building without the
measures. This can provide detailed estimates for different scenarios, but its accuracy
is limited by the accuracy of the simulations. An example of this approach is the .
Energy Edge program, where each building was simulated, and monitored data were
used to calibrate the model. The simulation was then altered to "remove" the retrofits,
and the difference represented the estimated savings from the program. Kaplan et al.
(1990) and Koran et al. {1992) discuss this use.

On-off In some cases, it is possible to install a measure, and then collect data both
with the measure in operation, and with the measure not in operation. In this way, its
effects can be measured directly. The measure must be reversible, and must revert to
previous operation when it is turned off. For example, the NAESCO Standard
requires this approach for monitoring EMCS savings (NAESCO 1992).

Test-reference: Performance of a test building is compared to that of a similar build-
ing that was not affected by the program, used as a control case. This is often used in
conjunction with the before-after approach, so that changes in the affected building
can be compared with changes in unaffected buildings. The draft monitoring proto-
cols recommended for California utilities fall into this category (CPUC 1994).

Nonexperimental reference: Rather than comparing a building with a particular simi-
lar building, here the building is compared with a commonly accepted standard or
reference building. This can be a comparison with a compilation of building perfor-
mance, such as the BECA databases (see, for example, Piette 1986) or the CBECS
database (EIA 1993). Alternatively, it can be compared with simulation results for a
standardized or prototypical building, subjected to the same weather as the actual
building.

Analysis Technigues. Another consideration that must be made in selecting an approach s
the degree to which measured data will be relied upon to provide the answer to the research
question. To some extent, analysis can sometimes substitute for monitored data, or supple-
ment lower quality data, in approaches such as the following:

Non-metered data: Utlity bills, surveys, audits, and reviews of comparison buildings
such as the Commercial Building Energy Consumption Survey (CBECS—see EIA
1993) or the Building Energy use Compilation and Analysis (BECA—see, for exam-
ple, Piette 1986) may supply some of the information that is needed.

End-use disaggregation: Whole building data can be disaggregated using statistical or
engineering models. One method for doing this is Conditional Demand Analysis
(CDA). In CDA, a multiple-regression is performed on the whole-building energy
consumption, using building characteristics and equipment as possible explanatory
variables (Parti et al. 1991). This statistical method allows consumption of different
end uses to be estimated. Another statistical method is Non-Intrusive Load Monitor-
ing (NILM). NILM takes high-frequency readings of whole-building consumption,
and watches for on/off transitions. The magnitude of the transitions, in terms of both
real and reactive power, are matched to 2 list of equipment known to be in the build-
ing. Another similar method is the Enduse-Disaggregation Algorithm (EDA), which
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uses whole-building data and building and equipment characteristics, along with out-
door temperature and humidity data. Regression of whole-building load with tem-
perature suggests the contribution of the thermal conditioning equipment, and the
other information about building characteristics leads to estimates of the other end
uses (Akbari et al. 1988a). This is a combined statistical/fengineering method.

Simulation tuning: While simulations are an important tool for conservation analysis,
they are only as good as the input data, which are often difficult to specify completely.
By using monitored whole-building or end-use data, or operational data, to check the
results of the simulation, the inputs can be adjusted until the output matches the meas-
ured data, and then the calibrated model can be used to carry out other types of
"what-if" analysis. A prime example of this is the Energy Edge evaluation (Piette et
al. 1994).

Temperature correlation: Simple correlations of whole-building or end-use energy
consumption with outdoor climate indicators can be usefu! in estimating savings.
This method is used in PRISM (Fels 1986} and in the LoanSTAR program (Kissock et
al. 1992). These can be simple linear or change point models.

Data visualization: Much information can be obtained about building operation and

- energy performance by simply looking at the data in innovative graphic ways. For

example, three-dimensional load signatures, demand histograms, correlations with
other data, and animation of time-series graphs have all been used to review building
consumption data (for example, Belur et al. 1992)

Monthly or daily summaries: Although hourly or 15-minute data are often the norm,
many research objectives can be met with analysis of monthly or daily data. For
example, PRISM normalization (discussed earlier) requires monthly data, and most
analysis in the LoanSTAR program uses daily data.

Proxies: 1t is sometimes possible to estimate the value of a parameter that is difficult
to monitor by measuring a parameter that is easier to monitor. For example one can
estimate lighting runtime with a temperature sensor mounted in the fixture rather than
monitoring lighting energy consumption; one can estimate fan consumption by moni-
toring the outgoing speed signal to a VFD; or power can be estimated by measuring
current.

General Issues. General issues that must be addressed in selecting an approach are:

Degree of quantification: A project that is designed to quantify energy savings will be
very different from one that is simply designed to verify energy savings. The objec-
tive of performing quantification imposes constraints on the data quality, while
verification may impose constraints on the methods that can be chosen to perform the
verification (see Kushier et al. 1992).

Degree of intervention: Some monitoring projects are designed to identify how a
building is performing, and others are designed to improve building performance.
These are two very different objectives, and may require different methods and dif-
ferent tools.

Scale: When only one or a handful of buildings (usually fewer than about a dozen) are
monitored in order to learn something that is applicable to a larger population, the
project can be considered a case study. It can be either an indepth investigation of a
particular technology or type of building, or a pilot study of a monitoring program that
will be more extensive. The budget for these programs, per site, is usually higher than
would be possible in a larger project. An example of the use of monitoring in a case
study program is the evaluation of the Energy Edge design assistance program in the
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Pacific Northwest (Piette et al. 1994). In this program, 28 buildings were being moni-
tored to determine how much less they used than they would have used if they had
been built without design assistance. This program was a preliminary study that con-
tributed to the design of a larger-scale program.

Large-scale monitoring programs often include a manageable number of buildings:
fewer than about fifty. But, in order to obtain enough information to generalize to a
large population of buildings, detailed monitoring must be done in each building. In
these programs, the budget per building is typically somewhat limited, and the
methods for monitoring must be standardized and streamlined. The Energy Edge
evaluation project discussed above can be considered a “pilot" project for a much
larger program, Energy Smart Design. In the Energy Smart Design program, much
less detailed monitoring will be carried out, but for a larger number of participants.
Baker (1990) discussed the need to carry out large scale programs, and suggested that
the appropriate role for more detailed end-use monitoring is as a supplement to class-
load data, and Giffin (1994) discussed the way that different levels of monitoring
might be applied, and how tradeoffs can be made. EPRI is investigating the use of
wireless network of dataloggers for use in monitoring electrical equipment in very
large numbers of commercial buildings (EPRI 1993). Very low-level monitoring—for
example equipment runtimes—might be used as a stafistical link between small-scale,
detailed monitoring and more extensive surveys or atility bills.

Duration: Monitoring can include spot measurerents (e.g., covering a few seconds or
minutes), short-term measurements (e.g., less than a few weeks), medium-term meas-
urements (e.g., up to a year), or long-term measurements (over the lifetime of the
building or conservation measure). Monitoring over the long term is difficult, due to
the ongoing expense of collecting data and maintaining equipment. However, the per-
sistence of the savings from a measure is an important and often a pootly understood
factor. The measurement protocols drafted for California utilities (discussed earlier)
require a persistence study, although the type and time of such studies was a source of
disagreement (CPUC 1992). The equipment one uses for short-term measurements
may be very different from the equipment used for long-term measurements. For
example, equipment for short-term measurements will not need to be designed to
prevent tampering or fit unobtrusively into a mechanical closet.

Number of channels: Some monitoring projects monitor whole-building energy con-
sumption (electric), and others monitor individual energy end uses in the building.
ELCAP, for example, monitored whole-building consumption, along with interior
lighting, exterior lighting, hot water, heating, cooling, ventilation, food preparation
and refrigeration, and other miscellaneous loads, in 78 buildings in the Pacific
Northwest (Taylor and Pratt 1989, and Taylor 1992). The LoanSTAR monitoring
program monitored buildings at several different levels, from whole-building data and
limited end-use data, to at least 20 channels of data from a building (Claridge et al.
1991b). It is also possible to monitor other channels, such as outdoor air temperature,
other climatic data, and physical parameters that characterize the operation of the
equipment. Advanced and specialized sensors can also be used, such as vibration sen-
sors to detect the wear on motor bearings, or complex power analyzers to determine
not only the amount of power consumed, but also the power factor.

Interval: Data can be collected at extremely short intervals: for example one-second
averages of power to identify equipment transients (Norford and Mabey 1992, and
Norford et al. 1992). For comparison with utility demand charges, electrical demand
is often measured with a 15-minute sliding window. Both 15-minute and hourly-



56

interval data are very common (ELCAP, for example, collected hourly data), and for
some studies, daily or monthly data will be most appropriate (for example, PRISM
analysis requires monthly data, see Fels 1986). Haberl and Komor (1989) discussed
how different intervals of data~—from monthly to two-minute—can be used to identify
conservation opportunities. :

—  Location: Finally, the location from which the site is monitored can vary. Often the
data will be collected at a central monitoring location, over telephone lines, as is done
in the LoanSTAR monitoring program. In other cases, the data are collected manually
from the site..

Evaluate

After objectives, constraints, and resources have been assessed, and different approaches investi-
gated, the next step is to evaluate the project plan. This will involve several different steps.

. Prioritize Objectives, Constraints, and Resources: Often, it is not possible to meet all pro-
ject objectives, within the constraints and resources of a project. In such cases, one must
prioritize. Some will be essential, while others may be simply desirable qualities. For
example, a minimum level of accuracy is often an absolute requirement, while any accuracy
beyond that will be desirable but not necessary. Or one will want to carry out the project at
a minimum cost, but will have no firm requirement for the cost. Tradeoffs must often be
made among the constraints: giving up in one category to gain in another. For example, if
cost is a constraint, one may be able to substitute labor for hardware, especially if the per-
sonnel are available. Or there may be a desire for standardization, but if sufficient person-
nel is available, routines can be developed to provide a consistent front end. Or having a
system that is very easy to use may be more important than having high accuracy, and sim-
ple proxy measurements may be chosen.

e Consider alternatives: Often evaluation will determine that an approach will not satisfy the
project objectives and constraints, or that sufficient resources are not available. In some
cases it is possible that by adapting the approach, the constraints can be met with the avail-
able resources. For example, the scale of the project might be changed to provide a larger
sample, if the accuracy of the measurements at each site will not be sufficient.

¢ FEvaluate approaches: The potential approaches should be evaluated. The most important
determination to make is the likelihood of being able to answer the research question with
the data that will be collected using each approach. If the question remains unanswered, the
project resources were wasted. Among approaches that will answer the research question,
approaches that will successfully and effectively apply the available resources to meeting
the objectives within the constraints should be identified. Any of these approaches can be
selected. If none of the approaches will be appropriate, then new approaches should be
identified.

3. Conclusions

In order to investigate the application of EMCSs to building monitoring, a method must exist to
evaluate the effectiveness of proposed monitoring tools. This chapter ocutlined existing frame-
works that have been used to describe the process of planning a monitoring project. It was found
that these frameworks do not provide sufficient detail on equipment selection to be used as a basis
for evaluating EMCSs. The existing frameworks did strongly argue for the need to assess objec-
tives before initiating monitoring. This chapter contributes to the field of monitoring by provid-
ing an alternative framework for planning monitoring projects. This framework is unique in that
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it allows comparison of alternative approaches to achieve project objectives, given a set of con-
straints and resources.

The framework can be applied in a range of monitoring applications, to evaluate very different
proposed tools. Later in this dissertation, this framework will be used for the particular case of
assessing the EMCS as a potential resource in monitoring for savings evaluation. Assessing its
value as a resource, however, is not always straightforward, particularly since it will be used
somewhat differently than other conventional monitoring tools. For example, data quality was
identified as a constraint for monitoring. But data quality is fairly abstract, and there is a need for
greater specificity in defining constraints. There is also a need for methods of assessing the
EMCS as a potential resource. Is EMCS monitoring likely to provide high quality data? This is
difficult to evaluate simply from the technical discussion in the previous chapter. The evaluation
process would be facilitated by construction of guidelines that outline how to identify what is
needed of an EMCS for monitoring, and provide methods for assessing what is available in the
EMCS. These guidelines will be presented in Chapter V. As a precursor to that, however,
several exploratory case studies of EMCS-based monitoring will be carried out.
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IV. EXPLORATORY CASE STUDIES OF EMCS MONITORING

Previous chapters reviewed the capabilities of conventional monitoring tools and EMCSs, and
provided a framework for assessing the general needs for tools in monitoring projects. This
chapter now proposes the EMCS as one of the possible alternatives to dedicated monitoring.

Like any tool, EMCS monitoring has advantages and disadvantages, limitations and strengths,
and it can be used most effectively in only a subset of applications. Understanding these charac-
teristics ensures that this tool will be used most effectively. For example, EMCSs are designed
primarily for providing information to the on-site building operator, so in some cases remote
access may be awkward or impossible, or may require different methods than access to other sorts
of dataloggers. In an application where remote access is not essential, this will not cause any
problems. In applications where remote access is essential, however, the methods would have to
be assessed to determine whether they are appropriate for the application.

Thus tool assessment is important, although it can also be somewhat difficult. It may be difficult
to tell from reading typical EMCS documentation, for example, how long it would take to down-
load data, or how accurate and reliable the data will be. It is not simply a matter of scanning a
technical specification sheet. Methods used to assess EMCSs for monitoring will be different
than methods used to assess dataloggers. Chapter 11 only presented simple technical details, and
Chapter III presented needs for tools without sufficient technical specificity. There is still a need
for standardized and specific methods of assessing the EMCS as a monitoring tool, and one of the
most important contributions of this dissertation is a set of such methods, presented in the next
chapter.

Understandably, monitoring professionals have been reluctant to use “untried” or "unproven”
methods. Therefore, to show in a systematic way that EMCS monitoring can effectively replace
conventional monitoring in some cases would make this method more available to the building
monitoring community. The next step in evaluating the use of EMCSs for performance monitor-
ing is to demonstrate that they can, in fact, be used. To guide development of the necessary
methods, EMCS-based monitoring was carried out in several case studies to identify crucial
issues that could not be anticipated from simply theorizing about EMCS monitoring, and to
present them with greater specificity.

In this chapter, eight case studies are presented—in three series—to confirm that EMCS monitor-
ing is possible, to identify the issues that arise in EMCS monitoring, and to determine how
EMCS monitoring fits into the framework developed in Chapter III. This chapter identifies and
outlines the advantages and disadvantages of EMCS monitoring at each site. It then identifies,
categorizes, and refines the issues that were brought up by each site. Only summaries of each
study are presented, and the reader is directed to several publications that discuss the studies in
much more detail. At the end of this chapter the case studies are evaluated, to determine what
they imply about EMCS monitoring. The results of the case studies lead into the next chapter,
where they form the basis for guidelines for EMCS monitoring.

1. Remote Third-Party Long-Term Monitoring for Evaluation of Savings

Each monitoring project has its own needs. These needs are specific to the individual project, and
it would not be possible to assess EMCSs in detail for all possible projects in this dissertation. It
is impossible to provide even general guidelines for monitoring for the entire range of monitoring
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applications. There is a need for a more bounded focus. The balance of this dissertation will
address the specific application of remote monitoring by a third party to determine savings from
an HVAC retrofit program or measure. Although the detailed results from the dissertation will
focus on this application, the overall results will be more broadly applicable, and the overall
evaluation will be discussed again in the final chapter of the dissertation.

The particular application of third-party monitoring for evaluation of energy savings deserves

specific attention because it is:

e  Important: There are strong market forces that could be brought to bear to encourage con-
servation if it were possible to compare investments in energy efficiency with investments
in energy supply. To have encugh confidence in those investments, however, it is essential
that the benefits be measurable. The ability to measure efficiency benefits is currently a
bottleneck in efficiency efforts.

o  Common: Building performance monitoring is an expanding field, as more utilities are
required to carry out rigorous evaluations of program benefits, and larger financial institu-
tions are becoming involved in conservation investments.

o Inastate of flux: Because of new requirements, and moves towards deregulation in the util-
ity industry, the mechanisms for delivering and evaluating efficiency programs are currently
being formed and reformed. This is a time when monitoring tools are being assessed, and
new tools are being considered.

The objectives, constraints, resources, and approaches for this monitoring application were

touched on briefly in earlier sections, but they are discussed in more detail here.

Objectives:

The primary objective of this application is to collect data that will support analysis in observing
and quantifying long-term energy savings from HVAC retrofits in commercial buildings. The
fact that it is carried out by a remote third party will have implications for project constraints,
resources, and approaches.

Constraints:

o  Data quality: Because money is riding on what is discovered in the monitoring project, very
reliable data will be needed. The typically large scale and the long term of such a monitor-
ing project also imply a need for reliable data.

e  Cost: Since money is riding on the results of the monitoring, more money may be available
for monitoring than in other applications. Often a percentage of retrofit costs, or of realized
savings is earmarked for evaluation.

e  Time: The fact that there is a financial interest implies a need for quick startup, using
readily available hardware. Since the objective is usually to observe rather than intervene,
the need for immediate feedback of information from the monitoring is not crucial.

e  Ease of use: Large scale and long term would require either very easy-to-use equipment or
staff with considerable monitoring experience.

e  Impact of building: Since money is riding on the monitoring results, a third party is affect-
ing someone else’s equipment, and the building owners will not benefit from the results of
the project, there will be a greater concern about the potential to lose data if building opera-
tions interfere with monitoring.
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e  Impact on building: Since a third party is affecting someone else’s equipment, and the
building owners will not benefit from the results of the project, there will be a greater need
to minimize intrusiveness, and a greater concern about reliability, and liability. Tools used
for this application will have to be more robust than in some other applications.

e  Standardization: The large scale and long term of such a monitoring project imply a need
for standardization. Shared-savings contracts often clearly specify the way in which sav-
ings must be demonstrated. This again is a reason to use standardized and well-accepted
monitoring tools.

¢  Control: Since money is riding on the results of the monitoring, it will be crucial that the
monitoring team maintains control over data collection processes.

Resources:

Some part of the energy savings is often allocated to monitoring effort. In addition to monetary
resources, the large scale of the projects may also imply that equipment salvaged from an earlier
monitoring effort will be available for this building. On the other hand, since a third party is pay-
ing for the project, carrying it out, and benefiting from it, their access to the site will be affected,
and it will be more difficult to make use of any equipment already existing at the site, or to inter-
vene in building operation when problems do occur.

Approaches:

The scale of an energy savings evaluation is likely to be large, since the entity carrying out or
sponsoring the evaluation is likely to be in the business of providing energy services. The project
will probably be long term to address concerns about persistence of savings. Depending on how
the monitoring project is structured, it may be impossible to intervene if operational problems are
uncovered. For example, if the building is a patt of a statistical sample intended to represent other
buildings, it would not be appropriate to affect the building performance. However, if the build-
ing does not represent other buildings, the third party will have an interest in fixing any problems
that become evident throughout the monitoring. There may be constraints on available data
analysis methods and monitoring approaches. With the advent of new monitoring techniques and
analysis methodologies, however, it should still be possible to consider other methods such as
statistical end-use disaggregation, simulation tuning, or proxy measurements, as well as new
tools.

2. Methods and Subjects of the Case Studies

With a more focussed application in mind, the next step is to test EMCS monitoring, and to iden-
tify issues that arise. The case study approach was chosen because it is impossible to test every
possible scenario for EMCS monitoring adequately. It is also exploratory in nature, since it was
unknown at the outset what issues are relevant and important for EMCS monitoring for this appli-
cation. While constraints have been discussed, defining constraints is only the first step in deter-
mining the specific characteristics of the hardware and procedures that will be needed for moni-
toring. The monitoring of a building is a complex process, and it would be impossible to control
every variable involved, and to do so in a statistically valid sample of cases. The case study is a
well established method of addressing this challenge while investigating complex issues:

"The need to use case studies arises whenever an empirical inquiry must examine a contem-

porary phenomenon in its real-life context, especially when the boundaries between

phenomenon and context are not clearly evident.” (Yin 1981).
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The eight case study sites included offices, university buildings, and a department store. Most
were campuses, building complexes, or chains. The studies were carried out as three Series, in
1987, 1991, and 1992, respectively. The three series included a range of EMCS models: early
systems with centralized processing (Series 1, 1987), more recent systems with a distributed
architecture (Series 2, 1991), and state-of-the-art systems (Series 3, 1992). The characteristics of
each site are shown in Table IV-1. Some of the sites were chosen because of their participation in
energy conservation programs. These studies were not conducted specifically for this disserta-
tion, although each series had objectives very similar to the dissertation’s objectives. The
research projects and case-study sites are discussed in the following sections.

Series 1

In the first series of case studies, the original objective was to collect and analyze data from build-
ings to begin to develop methods for disaggregating whole-building load data into end uses, as
well as to perform an initial assessment of EMCS monitoring in commercial buildings. In the
two California buildings—Levi Plaza Office Complex and Bullocks Department Store— the
EMCSs were installed in about 1980 and had a centralized architecture. The existing EMCSs
were used to collect whole-building electricity consumption, along with supplementary informa-
tion such as outdoor temperature, and operational data such as equipment status. The supplemen-
tary information was used to perform the disaggregation. For both buildings, data were periodi-
cally retrieved from the EMCSs using a remote personal computer that accessed the EMCS over
telephone lines and emulated the EMCS terminal. The available data included hourly or 15-
minute interval whole-building electrical demand, outdoor air temperature and periodic equip-
ment status or run-time information. In addition, on-site surveys of both buildings were per-
formed. The operational information and on-site surveys were used to create inputs for a simula-
tion model. The buildings were simulated, and the EMCS-monitored consumption and tempera-
ture data were used to adjust the simulation results. This was one of the developmental applica-
tions of the End-use Disaggregation Algorithm (see Akbari et al. 1988a).

In terms of assessing the use of EMCSs for monitoring, the studies in Series 1 were used to make
a preliminary identification of issues. They identified needs for reliability, monitoring of the right
points, communications, and storage. This study was sponsored by the Universitywide Energy
Research Group, and by the Department of Energy. The sites are described in more detail in
Heinemeier et al. (1989), and Heinemeier and Akbari (1987).

Series 2

The second series of case studies involved several buildings in the Texas LoanSTAR Monitoring
and Analysis Program. The overall objective of this EMCS study was to evaluate whether or not
the EMCSs could be used for monitoring in the LoanSTAR program. The LoanSTAR (Loan to
Save Taxes And Resources) Program was a $98.6 million revolving loan fund established by the
Texas Governor’s Energy Office, with money from Texas’ oil overcharge funds (see Claridge et
al. 1991b). In this program, loans were made available to fund energy-conservation retrofits in
state, public school and local government buildings. In the program, the energy consumption of
each loan recipient was measured before and after installation of the retrofit, and savings were
estimated after accounting for the effects of weather and changes in operation. Monitoring
ranged from whole-building utility billing data to detailed sub-metered data. Many of the sites in
the program had EMCSs, and expansion of the EMCS was often one of the retrofit measures
included in the loan.
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In this series of field trials, EMCSs at three sites were evaluated to determine if they might be
used to collect information for the LoanSTAR savings analysis. These sites were one college
campus (Prairie View A&M) and two medical research buildings (Texas Tech--Lubbock and the
University of Texas Southwest Medical Center). The EMCSs at these sites were all installed in
the mid 1980’s, and had a more modemn, distributed architecture. The relevant EMCS-
monitoring characteristics identified in the previous series of case studies—data measurement,
storage, access, and processing—were explored in more detail at each of these sites, and evalua-
tion criteria were developed to provide more detail on what is needed for each characteristic. The
study was sponsored by the Texas Governor’s Energy Management Center through Texas A&M
University, and also by the Department of Energy. More information on these sites can be found
in Heinemeier (1993), Heinemeier and Akbari (1992), Heinemeier et al. (1992), and Claridge et
al. (1991a).

Series 3

The third series of case studies included three sites. Again, the original objective of this EMCS
study was to evaluate whether or not the EMCSs could be used for monitoring in the LoanSTAR
program. Two of the sites were related to the LoanSTAR Monitoring Program: the State of
Texas Capitol Complex and Texas A&M University. The third site was the Compaq Computer
Corporation Headquarters. Although it was not a LoanSTAR retrofit site, it was an interesting
contrast to the two other agencies. The EMCSs at these sites were all advanced models, installed
in the early 1990’s. In this study, the evaluation criteria and issue list developed in the earlier
two series of case studies were used to evaluate three additional case-study sites, and to refine and
expand the considerations with an eye towards creating the guidelines presented in the next
chapter. An additional objective of the series was to investigate the non-technical issues that are
often important in EMCS monitoring. To carry out this investigation, the Energy Managers and
Maintenance Supervisors at all three sites were interviewed, and the EMCS manufacturers were
contacted to obtain as much information as possible about the systems. Discussion of this
analysis can be found in Heinemeier and Akbari (1993). Again, this study was sponsored by the
Texas Govemor’s Energy Management Center through Texas A&M University, and also by the
Department of Energy. More information on these sites can be found in Heinemeier and Akbari
(1993), and in Heinemeier (1993).

Case Study Methods

Similar methods were used at each site in order to obtain information about the building and
EMCS, and to assess the capabilities of the EMCS for monitoring. At each site, the person in
charge of operating the EMCS was called to make a preliminary assessment of the system. The
following questions were asked:

e  What is the EMCS model and manufacturer?

e  Does the system have a trend or history facility?

e Is there some way to log onto the system remotely, as a VT100 terminal? Is there a modem
and telephone line?

e  Will the trend facility display collected samples to the screen of the terminal?

e  Data should be collected at (sampling interval) for (number of points) and will be polled
(downloading frequency). Will this be possible with the system? Will this interfere with
system operation?

If the system looked at all hopeful, a meeting was set up and the following information was
requested:
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e  building or EMCS plans showing the location of sensors of interest;

*  sensor, transducer, and analog-to-digital converter documentation;

¢  documentation on the trend facility, including manual sections on trend point definition,
trend report generation, and file transmission;

e the phone number of the EMCS modem, the communications parameters to use in accessing
the system (these include baud rate, parity, data bits, and stop bits), a login, and a password.

At a site visit, data collection procedures were discussed and demonstrated, and the facility was
toured, including looking at the sensors.

For those buildings where data were collected, the following steps were performed from a remote

site:

e  Started recording a log file;

¢  dialed into the modem and logged onto the EMCS, using the login and password provided;

e  displayed point definitions for the points of interest, making sure the definitions include
engineering units;

e  displayed a list of the points that are already setup for trending; _

e  went through the procedure for defining hourly trend points, trend groups, and trend report
(as applicable);

e  requested an hourly trend report display or transmission, using a shorthand notation, i
available; and :

e  logged off and stopped recording the log file.

The log file was kept for evaluating transmission time, determining data processing procedures,
defining a script for automating access, and as general documentation. Once the procedure for
retrieving data was worked out, data were collected, and in some cases analyzed. Often the
retrieval procedure was automated. Finally, the process of retrieving the data was evaluated, and
the important issues were identified.

3. Case Study Findings

Following are summaries of each. of the case studies, indicating what problems and opportunities
arose, and what the principal contribution of each study was. After presenting these summaries,
the issues brought up in each case study are discussed and evaluated issue by issue.

Levi Plaza Office Building (LEVI)

. A five-building complex with over a million square-feet of offices, restaurants, banks, and
computer facilities, located in San Francisco, CA. The EMCS had about 400 points.
Energy data available in this EMCS included both whole-building demand, and demand
submetered into central-plant and distributed end-uses.

) The computer had access to three disk drives, two of which were used for control, and one
to store data. Data storage capacity was not a limiting factor in this EMCS.

¢  Data were averaged over several different intervals: one could obtain the last 10 minutes of
1-minute averages, hour of 5-minute averages, day of hourly averages, month of daily aver-
ages, or year of monthly averages. Because only the most recent day of hourly data were
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available, hourly data were downloaded once a day. The data access procedure was
automated.

Although reasonable data were successfully collected, the EMCS-monitored data differed
from utility-bill data by a factor of two. The calibration factor on the pulse initiator was
incorrect by a factor of two, and all data were corrected after the fact.

The primary contribution of this work was to suggest that EMCSs may have the capability
to automatically store data at several useful intervals, and that sensor calibration is a very
important issue. '

Bullocks Department Store (BULL)

A department store chain on the West Coast. Focus was on one 226,000 f? store near Los
Angeles, CA. A host computer communicated over phone lines with local computers in
each store. Each building was controlled separately but schedules and set points could be
changed by the host computer. The monitored data included whole-building demand data
and outdoor air temperature.

The local EMCS averaged data at 15-minute intervals. The 15-minute data were logged for
24 hours, then the host computer downloaded the data from each store to a disk once a day
and stored themn for a year. The host computer also stored the monthly electrical consump-
tion and peak demand data for all stores for about three years. Data had to be retrieved one
day at a time, which was slow. A script file was used to automate the data access pro-
cedure.

To look at the most recent data, the host computer was called, and the host computer called
the store to interrogate the local control unit. This process used both of the host computer’s
phone lines, and the host was then unable to communicate with any other stores for control
functions.

The primary contributions of this work were to suggest that chains may be a particularly
hopeful area for EMCS monitoring, although communications are more crucial in this case,
and to illustrate that in many cases a great deal of data may have already been collected and
archived.

Prairie View A&M University (PVAM)

A university campus in Texas, with 46 buildings. The EMCS was connected to over 2000
points. All of the buildings were on a central utility electricity meter, and steam and chilled
water were circulated to each building from a central plant. The EMCS had a whole-
building electric meter and temperature and flow sensors to calculate heating Btu/hour and
cooling tons, for each building.

Host trending had an absolute limit of 200 points, and 3000 samples per point. In RCU
trending, the absolute limit was 400 points, and 64 samples per point. Data could be
uploaded to the host automatically. Communications paths in this system were fairly
loaded, so the real limitation on data storage was due to communications constraints.

It was only possible to obtain samples of power data, not averages of energy data, and the

- precision of the data was very low. One could specify the time for trending to begin, and if

the host lost power and restarted, it resumed trending normally.

Remote access was difficult. Trend data could be stored in a disk file, or printed to a
printer. However, the disk file could not be automatically transferred to the remote com-
puter, and the trend data could not be displayed on the screen. The access problem was
solved by configuring remote computers to act like printers.
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The trend log file was fairly straightforward to process. Ten datapomts per line had to be
time- and date-stamped.

The primary issues identified in this work were communications traffic as a potential data
availability concern, and the problem of inability to collect averaged data. It also was a
good example of "jury-rigging" a system to be more appropriate for monitoring.

Texas Tech University Health Science Center--Lubbock (TT)

A large medical research building in Texas, about 811,000 ft°. The EMCS had 1800-2000
points. The building was split into four mechanical "pods", with one central plant. Each
pod had an electric meter and temperature and flow sensors to calculate heating Btw/hour
and cooling tons, Weather sensors and condensate meter points were added.

Data-logging software was installed to allow trending of 999 points. Most data were instan-
taneous samples, not hourly averages. Data collection began as soon as the trend points
were initialized, which may or may not have fallen at the top of the hour. If the host lost
power and restarted, data collection restarted immediately, not necessarily at the top of the
hour.

Remote access was difficult. Trend data could be stored in a disk file, or printed to a
printer. However, the disk file could not be automatically transferred to the remote com-
puter, and the trend data could not be displayed on the screen. The only solution was to
store the data to disk files, and have the EMCS operators move the data files to another
computer, and send them electronically via a mainframe network. This transfer had a very
high transmission rate, and a very high reliability (error checking and correction). How-
ever, the human step was unavoidable.

The files were stored in a machine-readable "DIF" format. A spreadsheet program was used
to translate to a text format. Once in text format, headers and unnecessary information were
removed. Some points were reported as accumulating values, so processing included sub-
tracting one value from the next to calculate the hourly change.

“The primary contribution of this work was to identify collecting data at the top of the hour

as an important concern. It was also an example of a system not well suited to remote
operation, so it suggested the need to consider alternative ways of transferring data.

University of Texas Southwest Medical Center (UTSMC})

A large medical research center in Dallas, TX. The EMCS had nearly 6000 connected
points. All of the buildings were on a central utility electricity meter, and steam and chilled
water were circulated to each building from a central plant. In each building, the EMCS
had one or two electric meters, and temperature sensors on steam and chilled water lines.
However, there were no flow sensors to calculate heating Btwhour and cooling tons.

Host trending was capable of recording data for 50 variables. Data were originally acquired
by the RCU, but were then immediately transmitted over the local network to be stored by
the host computer. Few of the available trend points were being used at the site, so trend
capacity was not a problem. Remote trending was similar to Host trending, except that the
data were stored in the local memory of the RCU, and transferred to the host computer upon
request. The limitation on the amount of collected data derived from the amount of
memory available on the RCU, Archiving resembled Host trending, except data were
moved to a more permanent disk file once a day. Only this permanent file could be
accessed.
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The data reports were defined for a 132-column printer, but the EMCS could display only
80 columns on the screen. Therefore, several columns were truncated and their data were
not accessible. Error checking was not possible. Complex user interaction was required,

.suggesting that automation would be difficult.

The EMCS used COV (change of value) trending, where the system collected a piece of
data only when its value has changed—for example, the time and cumulative energy con-
sumption were recorded when 300 kWh had been consumed. The data had to be translated
to an hourly format. Depending on the COV level, this could introduce error. In the build-
ings where the building consumption during peak hours was less often than the COV level,
the time resolution of the data was insufficient to characterize the building demand profile
accurately, because data were collected much less than once an hour.

The EMCS did not send carriage returns at the end of each line. The log file, then, often
consisted of several very long lines. The EMCS display included a status line, which was
written to the log file whenever the status line was refreshed. Data were not reported in a
straightforward columnar format. One could determine the identity of a value only by
where it occurred on the line.

The primary lessons learned at this site had to do with the format of the data report. The
combination of several formatting complications made the data very difficult to access.
This leads to the desire to create a standardized and simple format. This site also intro-
duced the issue of COV monitoring, which may be an interesting alternative to hourly data
collection.

State of Texas Capitol Complex (CAP)

42 state buildings in Austin comprised a complex of 5 million square feet. Steam and
chilled water were distributed to most of the buildings, and all buildings were maintained
by one entity.

There were several different types of EMCSs in these buildings. A prior system never
worked correctly, and was altered to serve as a fire safety system, with a custom-
programmed front end. The control room for the EMCSs housed 6 different host comput-
ers.

The newest systems in the buildings, and the system of choice for the operators, was based
on standardized PC-AT technology, so it could be easily upgraded as computing technology
evolves. The system was programmed in C, allowing the staff greater flexibility in pro-
gramming. -

Any point could be trended, and stored in a disk file. These trends could be samples, aver-
ages, minimums, maximums, or setpoints, Up to 999 samples per point could be stored,
with a total of 20,000 samples.

Some of the capabilities for monitoring were not programmed into the system, but since the
system was very flexible, it could be programmed to perform most needed functions, such
as ensuring that data are stored at the top of the hour.

There were several ways to connect to the system, but all required proprietary software.
The system had a modem, but it was in constant use and was not available for monitoring.

The energy manager at the complex had drafted EMCS specifications, to ensured that any
new systems purchased would have certain capabilities. These specifications ensured
most—but not all—monitoring capabilities would be present. In particular, it required that
sensors be calibrated and inspected, no more than 10% of inspected sensors could fail
inspection, and the system should have remote access capabilities and be able to store up to
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5000 samples of data. _

The primary contributions at this site were identification of problems when many different
systems were installed at a given facility, and identification of the advantages of flexible
programming. There were several ways of connecting, but all required proprietary
software.

Texas A&M University (A&M)

This campus in College Station, TX, had about 200 buildings. It was the home-base of the
Energy Systems Laboratory-—the group carrying out most of the monitoring and analysis
tasks for the LoanSTAR program.

The campus had several EMCS systems. The principal system was connected to about 25
buildings, and the university had a National Purchase Agreement with that systems vendor,
allowing them to purchase that equipment more easily. The system had 230 remote control
units, and 11 hosts.

One of the buildings—an Engineering building—was a LoanSTAR retrofit site, had Loan-
STAR monitoring, and also had an EMCS. The EMCS was upgraded as a LoanSTAR
retrofit, and the building was converted from dual-duct constant volume to Varlable Air
Volume.

The dedicated LoanSTAR equipment monitored many of the same points that were con-
nected to the EMCS. The EMCS had tens of thousands of points in that building alone.

When LoanSTAR- and EMCS-monitored data were compared, there were several
discrepancies The flow meters for the hot water monitoring were installed in different sec-
tions of pipes: one on a recirculating leg, the other on the building input. Thus, they were
measuring different things.

The chilled water flow meter was apparently reporting data as "gallons per minute",
although they were actually gallons per hour. When this was changed, there was still a
discrepancy, and it was discovered that the LoanSTAR monitoring was using an incosrect
calibration constant.

The whole building power meter on the EMCS was not functioning correctly. When it was
replaced, it was always within 10% of the LoanSTAR monitoring.

The EMCS was capable of trending 50 points, and there was ample capacity.

Data had to be manually averaged, since it could only average 10 samples together. Data
were sampled at 6 second intervals, and 10 samples were averaged to obtain one-minute
data. Ten one-minute data averages were averaged to obtain ten-minute averages, and 6
ten-minute averages were averaged to obtain hourly averages.

Access was difficuit, since only one phone line was available, and it would have conflicted
with other connections to the system. Since the LoanSTAR monitoring team was located
onsite, they installed a hardwired connection between their office and the EMCS.

The main contributions of this study were the comparison of EMCS and more convention-
ally monitored data. It is clear that both EMCS data and conventionally monitored data can
have problems, and both must be closely scrutinized. Averaging was difficult to imple-
ment, but it worked once it was programmed. Conflicts in access were a problem.

Compaq Computer Corporation (COMP)

This was the headquarters of a large computer manufacturer, located in Houston, TX. The
facility consisted of 3.7 million square feet, in 13 administrative buildings, and seven
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manufacturing buildings. The site had 6500 employees.
. The site had several EMCSs, and was a beta-test site for an advanced model EMCS.

e  The advanced model EMCS was being used to collect hourly whole-building energy con-
sumption data in one building, and store them for one year, in a DBase format.

¢ The new EMCS essentially networked earlier existing EMCS field panels by the same
manufacturer, utilizing two different levels of network. The system operated under Micro-
soft Windows (Microsoft 1991), so it was capable of using Dynamic Data Exchange to
allow applications to access data collected by the EMCS in real time.

» 30-minute samples of data were stored for 24 hours for every point in the system. Totals
could be saved on an hourly, daily, weekly, or monthly basis, and automatically uploaded.

e  The field panels could store any number of points and number of samples. When the
memory was full, it automatically uploaded the data to the host computer.

e  There had been a problem with a relay in the system. The EMCS showed a heater turning
on and off, using a night setback strategy. However, in reality, the relay was stuck closed,
and the heater never turned off.

¢  The major contribution of this work was as an example of anew generation of EMCSs with
new operating systems, networking capabilities, and new methods of access. It was also an
example of a system where all points were monitored and stored for 24 hours. The problem
with the stuck relay pointed out the need to verify outgoing signals before using them for
analysis.

4. Analysis and Evaluation

The eight case studies just presented provided insight into the use of EMCSs for remote third-
party monitoring for evaluation of energy savings. They brought up many issues that might not
otherwise have been considered when attempting to use EMCSs for this application. The follow-
ing discussion introduces the major categories of issues that were encountered, and evaluates the
case studies according to these issues. The major categories and the evaluations are summarized
in Table TV-2. These issues are further developed into the form of guidelines in the next chapter.

Data Points

It is important that the EMCS collect the points that are needed for analysis, or points that can
provide the same information. All the case study buildings were able to monitor whole building
electrical consumption, and all of the multi-building sites were able to monitor whole-building
cooling and heating water consumption. Most could monitor outdoor air temperature, and a
weather station was added to TT in order to collect more detailed weather information. In addi-
tion to these data, all of the sites had access to more information on building and system opera-

f1on.

Data Accuracy

The data must be of sufficient accuracy, precision, and reliability to support the analysis. Sensor
accuracy was not assessed directly in any of these sites. Data precision was a problem for the
PVAM power meter. Location of sensors is another important issue related to accuracy, as
discovered at A&M. However, once EMCS data problems at the A&M site were resolved, the
meters provided data very close to the conventionally metered data. Sensor accuracy and calibra-
tion were sometimes problematic issues for conventional monitoring as well as for EMCS moni-
toring. The stuck relay at COMP indicates the type of reliability problems that can occur.



Table IV-2. Evaluation of EMCS Monitoring Capabilities in Case Studies.

LEVI BULL | PYAM TT UTSMC | CAP A&M COMP
Data Points + + — —_ + 2 + +
Data Accuracy ? ? — ? ? ? + +
Sensor Calibration —_ ? ? ? ? ? — ?
Data Recording + + + — + + + +
Data Averaging + + — — + + + +
Data Storage — + — + — + + +
Data Format + + + + — + + +
Data Time Stamping + + + — —_ + + +
Remote Connection + + + + + + — +
Data Transfer + + + — + + + +
Simple Process + + + —_ — + + +
Rapid Process + — + —_ — + + +
Error Detection - — — + — + _ 2

+ indicates that the Case Study was successful in this characteristic.
— indicates that the Case Study was not successful in this characteristic.

? indicates that the characteristic is not known for this site.
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Sensor Calibration

Even accurate sensors can give incorrect readings if they were not calibrated correctly to begin
with, or are not periodically recalibrated. The miscalibration of the demand meter at LEVI and
the various sensors at A&M points out the importance of calibrating sensors, or, at least, compar-
ing EMCS values with some reference to determine their accuracy. The specifications for future
EMCSs at CAP indicated that sensors must be calibrated, although periodic recalibration was not
performed at any of the sites.

Data Recording

The EMCS must have a way of recording historical data. All of the case-study EMCSs had this
capability, except TT. With this EMCS, a separate software module had to be purchased to allow
monitoring of historical energy consumption data. Once this software was installed, the EMCS
was able to record historical data.

Data Averaging

Beyond measuring the appropriate variables, an important consideration in EMCS monitoring is
how the values are stored. For example, at LEVI and BULL, the power was averaged over some
interval of time. At UTSMC, electricity consumption pulses were constantly totalized to provide
a cumulative value. Either of these methods would be sufficient to provide the necessary hourly
consumption data. At PYAM and TT, however, only “instantaneous" values of power were
recorded, which would be quite inaccurate for reporting hourly energy use. A&M was not origi-
nally programmed to calculate averages, but with difficulty, it was reprogrammed and performed
well. In addition, the pulse rate on the energy meter at PVAM was too slow to provide very
short-interval data accurately. The EMCS at PVAM did have a facility for totalizing values, but
it could not easily be integrated with hourly trending. The system at CAP could store averages,
minimums, maximums, or samples, and could be programmed to collect basically any kind of
data needed. The EMCS at LEVI provided information on the performance of the building from
yearly to one-minute intervals. The system at COMP collected 30-minute data on all points in

the system.

Data Storage

All of the sites had sufficient trending capacity, at least in theory. In practice, however, both
PVAM and UTSMC were limited by communication considerations. Both of these sites had
several different ways of collecting data, due to the distributed architecture of the EMCSs. These
sites indicated that networking concerns may be more important considerations than raw data
storage space or absolute point limits in evaluating the usefulness of an EMCS for monitoring.
_ Also, at some sites, the available trending capacity was more fully utilized than at others, leaving
little capacity free for energy data. Availability of the trend capacity is therefore difficult to
predict for a particular site by simply knowing the EMCS model. The system at COMP automat-
ically uploaded data whenever the memory filled up, which was an interesting solution to storage
problems. The EMCS at LEVI only reported hourly data for the previous day, making it neces-
sary to download data daily. The storage of a year of short-interval (15-minute) demand and tem-
perature data in the EMCS at BULL made daily or even weekly downloading unnecessary, allow-
ing more flexibility in deciding when to download data. The potential to download demand and
temperatures for a number of stores in one access would have made this EMCS a convenient
monitoring tool, because all the data were in the same format, and time would have been saved in
accessing the systems and analyzing the data.
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Data Format

Data should be transferred in an easily processed format. The data from TT, LEVI], and BULL
were reported in an acceptable format, and only minor processing had to be done, such as parsing
the date into day, month, and year; and subtracting cumulative values to obtain hourly values.
With the system at PVAM, the log file included a command line, a header, and lines of data sam-
ples for each point. The headers had to be removed, a time stamp for each sample had to be cal-
culated, and the data had to be put in columnar form. Data from UTSMC required quite a bit of
sophisticated processing, due to several factors: only 80 out of 132 columns of data were
displayed, carriage returns were not transmitted, a status line appeared in the middle of the data at
any time, the data were not in conventional columnar format, and the data were in COV rather
than hourly format. All of these could be dealt with, but when taken together, made data collec-
tion quite cumbersome.

Data Time Stamping

In order to be compatible with data from other monitoring projects, other buildings within a pro-
ject, and weather data, the data available from an EMCS are often required to be reported at regu-
lar intervals—often hourly. The EMCSs at PVAM and LEVI were capable of doing this reliably.
The EMCS at BULL produced 15-minute data, which could easily be aggregated to provide
hourly data. The EMCS at TT could theoretically record data at the top of each hour, although if
the system were rebooted, it would not begin collecting at the correct times, so it should be con-
sidered unreliable in this sense. The system at CAP could be programmed to provide data at the
top of the hour reliably. The EMCS at UTSMC provided data by COV rather than on an hourly
schedule. The data could be processed to provide hourly data values at the top of the hour. In
buildings where the COV level was set to a fairly low value, little error was introduced (as deter-
mined for the reasonableness of the building’s load shape). For other buildings, the COV level
was set too high to provide a reasonable load shape.

Remote Connection

In many monitoring projects, data must be collected remotely. This requires hardware and
software mechanisms in the EMCS to allow connection to the outside world. All case-study
EMCSs had such a mechanism. They were not all available for monitoring activities, however.
With current systems, there is a potential for energy monitoring to interfere with EMCS control
operations, and for control operations to interfere with energy monitoring. The EMCSs at A&M
and BULL had outside phone lines, but monitoring use of those phone lines precluded their use
by the EMCS manufacturer and remote sites. At BULL and A&M, there were conflicts when
EMCS phone lines were used to interrogate remote buildings. An additional phone line and
modem in the host computer would have allowed access to the system more often and for longer
periods. It is best to have one phone line that is not needed for control, because it is essential that
outside monitoring not interfere with control. There was also a potential for problems at PVAM.
Once the system was reconfigured to recognize dial-ins as printers, a/l dial-ins were recognized as
printers, including operators calling in from home to check on the system, or the regional office
calling in to troubleshoot problems. Apparently, this was not a severe problem as there was very
little that could not be done with the computer configured as a printer, although the interface was
less vser-friendly.

Remote Data Transfer

Once a remote connection is made, EMCS software and hardware must allow transfer of the data.
All sites except PVAM and TT were immediately capable of remote data transfer, using one of
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the methods discussed earlier. PVAM required a minor configuration change to allow transfer of
the data. The system had to be site-reconfigured. The site-personnel did not have the expertise to
do this. TT did not allow remote access to the data. The data were stored to the local disk, and
another computer had to be used to transfer the data.

Simple Process

When performing case studies, logging onto an EMCS manually to download data was not a
problem. However, in a larger-scale evaluation project, a more automated method of data
retrieval must be used, and this requires that the process of requesting data be relatively simple.
Most communications software packages atlow the user to create a script file, which can automat-
ically dial the phone, watch for prompts coming from the EMCS, issue the appropriate responses,
and log the session. The EMCS at PVAM was very well suited to this form of automation. After
dialing the phone, the script file had only to provide the correct login name, and then issue one-
line commands to request the data. Interactions with the EMCS at UTSMC, on the other hand,
were more complex. A whole series of questions were asked, and responses had to be provided to
request the data. This could potentially be automated, although it would be significantly more
complex than at PVAM. At TT, the EMCS operator manually copied the data from one computer
to another and then transmitted it over a mainframe network. Since this required a human action
on-site, it cannot be considered automated. From the monitoring end, however, the network file
transfer procedure could be easily automated. Data collection from both LEVI and BULL was
automated with a script file. Although, in each case, the transaction with the EMCS was slightly
more complicated than PVAM. No problems occurred with the process. The system at CAP
would require the use of proprietary software.

Rapid Process

The amount of time required for transmission of the data is also an important consideration. All
of the EMCSs allowed a dial-in connection at 1200 or 2400 baud. However, the speed of the
transfer will depend to an even greater extent on the conciseness of the report format, and on
whether or not the report is generated as it is being displayed. The data from PVAM were in a
very compact form. The data from UTSMC were in a much bulkier report format, which was
generated as it was displayed; thus it took quite a bit longer to transmit. The data from TT were
in Data Interchange Format (DIF), which is very bulky. However, the transmission from TT took
place over a mainframe network at a very high transmission rate. Since the data from BULL
were at 15-minute, rather than hourly intervals, there were more data to transfer. Combined with
the low transmission rate, it was a very slow process.

Transmission Error Detection

Errors can occur, not only due to fanlty or inaccurate sensors, but also when transmitting data
from the site. In all sites except TT, data were displayed on the remote computer screen, and
simultaneously stored in a log file. No form of error checking took place. At TT, the data were
transmitted over a computer network, using a standardized file transfer protocol—FTP. This pro-
tocol includes both error checking and correction, so transfer was quite reliable.

5. Conclusions

To create guidelines for EMCS monitoring, more specific information was needed on how the
EMCS resource can be applied, and several exploratory case studies were carried out on a well
bounded monitoring application. The application was remote, long-term, monitoring by a third
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party to evaluate the savings of an HVAC retrofit project or program. The needs, resources, and
approaches that are typical for this application were outlined.

Eight case studies were carried out, over the course of several years. The case studies established
that EMCS-based monitoring is possible. Aside from a few supplemental sensors at one site, no
hardware was added at any of the sites. It was, however, inconvenient to use the EMCSs for
monitoring in almost every case. Most of the difficulties encountered in these studies were
related to easily remedied software problems, and few problems with existing EMCS hardware
were encountered. The case studies showed that non-technical or logistical issues often dominate
the monitoring process, suggesting that a simple comparison of technical characteristics, such as
the comparison made in Chapter I, is an insufficient evaluation.

When the experiences using EMCSs for monitoring at these eight sites were compared, several
categories of issues became apparent. While defining these categories of issues is a very impor-
tant step towards evaluating EMCS monitoring, they are too qualitative to be provide guidance to
individuals interested in assessing an EMCS at a particular site for a particular monitoring pro-

ject.

In a few of the case studies, it took considerable time to discover whether the system would work
or not. Sometimes, if a question to an EMCS operator about his or her system’s capabilities
wasn’t asked in exactly the right terms, the cotrect answer wasn’t given. The fact that an EMCS
is present at a site does not mean that it can be used for monitoring. Even if one knows that the
EMCS model used at a site is the same as one that was used for monitoring at a previous facility,
differences in installed options, or in the degree of utilization of the existing capabilities may
prevent the system from being used.

Since EMCSs are designed to be highly adaptable, capabilities and monitoring costs often must
be evaluated on a site-by-site basis. However, knowing what questions to ask and what the
answers mean makes determining a system’s capabilities much more straightforward. Having the
requirements for monitoring written down and as clearly specified as possible, in the form of
guidelines, should help. The issues identified in this chapter will form the basis for the more
specific guidelines for EMCS monitoring that are presented in the next chapter.
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V. DEFINITION OF GUIDELINES FOR EMCS MONITORING

In Chapter III, a general framework was created to describe the process of planning monitoring
projects. This consisted of assessment of the objectives, constraints, resources, and approaches
for the project; and evaluation. Chapter IV identified issues that become relevant for the special
case of remote EMCS monitoring in support of energy savings evaluation. This chapter
integrates the results of the two earlier chapters by adapting the planning framework to the
specific application of remote EMCS monitoring for energy savings evaluation. In this adapta-
tion, the steps concerning assessment of constraints and resources are reinterpreted to relate
specifically to EMCS monitoring issues. In the previous chapter, the requirements were stated
qualitatively. In this chapter, they are expressed again qualitatively, but this time with much
greater technical specificity. As the necessary next step in determining specific technical require-
ments, this chapter identifies the metrics that are used to express the specific technical require-
ments, and presents methods for assessing whether or not these requirements are met. Even fora
very specific monitoring application, however, one cannot specify generically what the con-
straints will be in all instances, and so one cannot determine what the specific technical require-
ments will be for all instances. However, it is possible to discuss how the constraints can be
translated to very specific technical requirements, and how these requirements can be assessed.
These are the goals of the guidelines presented in this chapter.

The guidelines developed in this chapter will allow the monitoring personnel on particular
evaluation projects to assess the usefulness of EMCSs in their projects. While specific technical
requirements cannot be provided for all possible projects, the guidelines provide guidance on how
to determine specific technical requirements, and to assess the resources available in the EMCS.
These guidelines will also aid practitioners attempting to use EMCSs—as they are currently
configured—for monitoring, to EMCS specifiers who want to make sure that the EMCSs they
install will have monitoring capabilities, and to EMCS manufacturers who want to make sure
that their next models will be more appropriate for monitoring.

The guidelines are represented as thirteen sets of issues, corresponding to the issues presented in
the previous chapter. Guidelines are presented in three categories: data issues, storage issues, and
access issues. The issues range from what data are measured to the resulting data format. The
guidelines consist of a qualitative description of the technical or logistical requirements for the
application of remote monitoring for savings evaluation; ways to improve or supplement capabil-
ities; alternatives or tradeoffs that could be made if requirements are not met; and metrics and
methods for assessing whether or not a tool meets the requirements. These guidelines are also
presented in Heinemeier and Akbari (1992b).

This is a rapidly evolving technology. Since the contribution here was methods, not results, the
contribution should continue to be valid regardless of technological advances, and for a wide
range of EMCS sophistication. Note that these guidelines do not necessaily represent the current
technology: none of the systems encountered in the case studies in the previous chapter included
all of these functions. The guidelines can be thought of rather as a standard for comparison. The
fact that a system does not fit these guidelines does not imply that it cannot be used. On the con-
trary, in most cases, some alternative means of achieving the abjective can be worked out. For
example, it may be possible to install additional hardware or software to supplement the existing
system less expensively than installing an entire monitoring system. Just as the applicability of
an EMCS for monitoring must be evaluated on a case-by-case basis, individualized evaluation of
the feasibility and costs of supplementing the existing system may be required.
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1. Overall Process

Chapter IIT discussed how objectives, constraints, and resources for monitoring projects are
assessed. Equipment already residing at the site was identified as one potential resource, and this
is the category under which EMCS monitoring would fall. With conventional dataloggers that
are designed specifically for monitoring buildings, the resource assessment step is fairly straight-
forward: it consists of simply noting the technical specifications of different loggers, and match-
ing them to the capabilities required for the project. With EMCS evaluation, however, reviewing
technical specifications is really only the first step in collecting the information needed to assess
the resource. This section describes the overall process for collecting information on the EMCS
and assessing its use in monitoring.

Coliect and Review EMCS Documentation

The first step is to gather alf relevant information. Chapter II provided information on a few sys-
tems. An earlier review of EMCSs also described the technical characteristics of a more
comprehensive list of EMCSs (Akbari et al. 1989). The EMCS manual should be acquired if pos-
sible, along with any other technical EMCS documentation that discusses monitoring capabilities
as well as methods for collecting data. One must consider that some capabilities may be avail-
able, but not installed at the site.

Meet with EMCS Operator and Building Management

Next, talk with the EMCS operator or building management. This would ideally be a face-to-face
meeting, at which the objectives of the monitoring are discussed. If the EMCS operator under-
stands the need for the data, and the overall objectives of the project, it will be much easier to
obtain assistance later. At this meeting, constraints on access to the building and other limitations
such as access to key personnel should be discussed.

The EMCS operator will have to be quite involved in the monitoring, as he or she will be relied
upon to: :
®  provide information on system capabilities and documentation of equipment,

¢  demonstrate how to carry out monitoring,

e  in some cases configure the system to enable monitoring or reconfigure items that are not
working, and

¢  sometimes reset the system if it becomes hung up during a remote access.

To be of assistance, the operator must have three things: the information needed to help, the
incentive to help, and the resources to help. Often an EMCS operator does not have detailed
information on the system. Most systems are designed to be user friendly, and if the system is
working correctly, keeping it running will not require a detailed knowledge of the technical capa-
bilities of the system, However, systems do not always work correctly, and training is an impor-
tant part of turning an EMCS over to the building staff. The EMCS operator is the most likely
source of information. Often it is the building management that has the incentive to perform the
monitoring, and the EMCS operator will not benefit significantly from the information. In this
case, it will be important that the building management communicate to the EMCS operator why
the monitoring is being done, and that it is to the facility’s benefit to have more detailed informa-
tion on operation and energy savings. Often the operator will not have the resources to spend a
great deal of time in implementing monitoring. In this case, it will be important that the monitor-
ing team be as unobtrusive as possible.
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Meet with EMCS Vendor or Contractor

The EMCS vendor or contractor may also be a good source of information. There will be many
functions that are not used at the site, and the EMCS operator may not be aware of them. The
vendor should know the details of the site. Also, the vendor should have a better technical under-
standing of the operation of the system. The vendor, however, may have little incentive and few
resources to provide much assistance. If the vendor’s assistance is crucial, it may be necessary to
purchase some of his or her time. If the site has a service contract with the vendor or contractor,
they may be able to ask for the services of the vendor at no cost, particularly if assistance is
needed because the EMCS is not working properly.

Tour Site and Obtain Demonstration of EMCS Monitoring

The next step is to visit the site. The meeting with the building management and with the EMCS
operator can be held at this time. While visiting the site, it is important to obtain as-built docu-
mentation of the EMCS, including plans and documentation on sensors. A list of points used in
the system should also be obtained at this time. The site should be toured, and the different sen-
sors should be identified. Also during this visit, the EMCS operator should enable data collection
if possible, set it up to monitor the points that are needed, and demonstrate the data-collection
facility. Step-by-step instructions should be given on how to access the system and fransfer the
data, including instructions on how to reset the system if it becomes hung up. The operator
should provide a telephone number that can be used for monitoring, login names and passwords
needed to access the system, and any necessary instructions on how to avoid interfering with sys-
tem operation.

Confirm EMCS Monitoring Capabilities

In the course of collecting this information on the system, its capabilities for monitoring must be
assessed. The guidelines that follow in the next section provide broad categories of the issues
that must be addressed in ensuring that the system will be a suitable monitoring tool. The three
categories of issues are Data Issues, Storage Issues, and Access Issues. For each of the issues,
several sources of information will be relied upon to determine if the system can meet the
requirements. During this assessment, the anticipated cost of camrying out EMCS monitoring will
have to be compared with the cost of installing a dedicated monitering system. EMCS monitor-
ing is likely to require no purchase or instaliation of additional hardware or software, but it may
require more time to assess its capabilities, verify its data, and process its output.

2. Guidelines for EMCS Monitoring: Data Issues

Table V-1 summarizes the guidelines that discuss data issues. The guidelines are presented in
more detail below.

Points: Are the physical attributes necessary for analysis measured?

Technical Issues:

For most monitoring projects, the analysis methods clearly define the set of data to be collected.
The physical parameters that will provide these data constitute the points that must be measured.
In most cases, the sensors used in an EMCS are very similfar to those used in dedicated monitor-
ing projects. They can include power transducers or pulse-counting energy meters, as well as
temperature, pressure, and humidity sensors. Sensors are installed to meet the building’s, and not
the monitoring project’s objectives. Hence, while certain variables such as whole-building
energy consumption are often measured, submetered end-use consumption often is not measured.
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Specific Issue

Metric

Assessment Methods

Data Points: Are the physi-
cal attributes necessary for
analysis measured?

List of points that are
needed: do they exist?

Obtain a list of points, sen-
sor documentation,
EMCS/building plans, tour
of building.

Data Accuracy: Is the
equipment sufficiently
accurate to provide data
needed to perform
analysis?

End-of-line uncertainty of
each needed point, in per-
cent of the minimum value
expected, or + an engineer-
ing unit.

Obtain documentation of
sensors, transducers, A/D;
historically "fauity" points;
reality check with current
values, data trends, or
expected values; inspect
sensors; carry out short-
term parallel monitoring.

Sensor Calibration: Are
sensors in proper calibra-
tion?

Difference between sensor
and "true” value, in percent
of the minimum value
expected, or & an engineer-
ing unit, over expected
range of values.

Obtain documentation of
factory calibration, recali-
bration efforts; carry out
field recalibration.
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If the necessary points are not available, it may be possible to monitor a "proxy"” for the parame-
ter of interest, rather than monitoring it directly, since EMCSs have access to a great deal of other
information on building operation. For example, monitoring on-time rather than submetering load
will provide the necessary information to evaluate the performance of a controls retrofit program
if loads are constant. As another alternative, if the necessary points are not measured, one might
be able to install additional sensors, while making use of existing EMCS networking and data
storage capabilities.

For monitoring to calculate energy savings, the most common and important variables to monitor
are whole-building and end-use electricity consumption. When analysis includes normalization,
parameters such as indicators of operating hours, and outdoor air temperature and other weather
variables must be measured. Temperatures and flows are used in calculating cooling or heating
loads, necessary to estimate equipment efficiency. Equipment runtimes may confirm operation
assumptions that are input to a simulation model.

Relationship to Constraints:

Data quality. A proxy measurement is usually of lesser accuracy than a direct measurement of
the parameter of interest. Care should be taken, for example, to ensure that output control signals
reliably reflect actual operation. Care must also be taken to ensure that proxy measurements will
effectively contribute to answering the research question.

Cost. If no sensors must be installed, the cost of monitoring will be greatly reduced. Adding new
sensors to an EMCS may be less expensive than installing sensors in a dedicated monitoring sys-
tem, since much of the wiring and communications are already present. However, integrating
with EMCS hardware and coordinating with EMCS contractors make the process more complex.

Time. If no sensors must be installed, the time required for initiating monitoring will also be
greatly reduced. It is possible that data can be collected immediately. Adding new sensors to an
EMCS may take less time than installing sensos in a dedicated monitoring system, since much of
the wiring and communications are already present. If proxies are measured, one-time measure-
ments will have to be taken to establish the correspondence between the proxy and the value of
interest.

Ease of use. If no new sensors are installed, initiation of monitoring will be very simple. If prox-
ies are used, an additional analysis step will be required.

Impact of building on monitoring. Since the EMCS sensors do not belong to the monitoring
team, there is a possibility that the building personnel will move or change the sensors without
notification. However, if a sensor is damaged, the building personne] will be more likely to know
about it if it is used for control than if it is a dedicated monitoring point belonging to the monitor-
ing team. Thus, they would be more likely to bring it to the attention of the monitoring team.
Impact of monitoring on building. I no sensors are installed, the monitoring will intrude less into
the operation of the building than if monitoring is dedicated. The ability to install additional sen-
sors will depend on how fully loaded the system already is, and on the willingness of the building
management to cooperate.

Standardization. If standardization of monitoring points across buildings is important, then it
may not be advisable to use proxy measures, unless they are used in other buildings as well.

Control. 1f sensors belong to the facility, the monitoring team has less control over changes to
them.
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Assessment Methods:

The measure of whether or not a system can provide the necessary data is simply whether or not
the appropriate points are monitored. In assessing needs, one first prepares a list of necessary and
desirable measurements, and potential proxy measurements. Then, the EMCS operator can usu-
ally generate a list of all the points (input and output) connected to the system, including their
engineering units, and sometimes calibration constants, and sampling frequencies. The lists of
needed and available points can then be compared. Documentation of the sensors should be
acquired. One should identify the points on EMCS or building plans, and tour the building to
determine that the correct sensors are installed in the correct place. If most, but not all, of the
points needed for analysis are present, one can investigate installing the necessary points and
integrating them with the EMCS. The cost of the sensors and the installation of the points would
then be compared with estimates of the cost of installing an entire dedicated monitoring system.

Data Accuracy: Is the equipment sufficiently accurate to provide data needed to perform
analysis?
Technical Issues:

Data accuracy is a crucial issue in many monitoring projects. While in some projects it may be
sufficient to verify equipment operation qualitatively to obtain savings estimates, in many cases
much more accuracy is required. Accuracy can be differentiated from issues such as reliability
and precision, although the term is used here to refer generically to all the foliowing issues:

®  Accuracy refers to the expected absolute error between the reported value and the actual
value. The accuracy may vary across the operating range of the sensor, and it will often be
reported as a percentage of the full scale value (e.g., a temperature sensor with a range of
(0-100°F that has a reported accuracy of "+2% FS" may have an error of up to 2°F across its
range). This stated accuracy may be a design limit, tested maximum limit, guaranteed max-
imum, or typical value.

e  Precision is often used interchangeably with accuracy, although it refers to the scatter of
data: a sensor can be very precise—having little scatter—but if it is miscalibrated it will be
inaccurate. The reported accuracy figure, then, applies only if the sensor is correctly cali-
brated and no systematic errors exist.

®  Resolution is the smallest difference between two readings that can be distinguished. For
example, if a watt-hour transducer has a pulse rate such that one pulse equals 1 watt-hour,
its resolution is 1 watt-hour, and it will be impossible to measure anything smaller than that.
It is particularly an important factor for measurements with digital output.

¢ Linearity refers to the degree to which a sensor’s output has a linear relationship to the
value being measured. Note that, again, if the sensor is miscalibrated, it may be quite
linear, and yet inaccurate.

¢ Reliability is a more subjective factor, reflecting the likelihood of the sensor to provide the
expected output. Factors that could affect reliability are mechanical parts that may have a
potential to break down, manufacturing quality control, the need for battery backup, and the
types of materials and fittings used.

It is important to note that quality assurance is a difficult issue even with dedicated monitoring,
particularly in large programs with several monitoring contractors (see, for example, O’Neal et al.
1992, and Halverson et al. 1988). The same kinds of sensors, transducers, and input hardware are
available for use in an EMCS as in a dedicated monitoring installation. The same accuracy is
therefore possible. The accuracy of the installed sensors is specified by the EMCS contractor, in
order to be adequate for control of the building. For those sensors used primarily for control,
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reasonable accuracy is usually required, and the building personnel should have incentive to mon-
itor whether or not the sensors are providing believable values, since bad data may result in bad
building operation and possibly comfort impacts. However, "believability” does not necessarily
correspond to "accuracy.”

Table II-3 suggested accuracy goals for EMCSs to be used for energy calculations. For monitor-
ing to evaluate savings from energy conservation programs, however, the required accuracy will
depend on the method that will be used to evaluate savings. For example, a direct measurement
of savings might involve measurement of energy consumption both before and after a retrofit. Or
data may be measured to supply inputs to a simulation model. These different approaches will
have very different requirements for accuracy. Often, different statistical treatments of the data
will impose different requirements for accuracy of individual readings. In general, smaller sam-
ples of buildings will require higher accuracy data in individual buildings.

Relationship to Constraints:

Data quality. The accuracy of a measurement influences the accuracy of the results of the
analysis. If data quality is a primary concern for the project, special care should be taken to
ensure the accuracy of any EMCS measurements.

Cost. There is usually a clear tradeoff made between sensor accuracy and sensor cost: more accu-
rate sensors are usually more expensive. However, since the cost of the sensor is borne by the
building management, it is not relevant to the monitoring project. If sensors are installed
specifically for the monitoring, however, their cost will be bome by the monitoring project. Since
the same sensors would be installed with dedicated monitoring as with the EMCS, this represents
no difference.

Time. For EMCS monitoring, most of the time will be required to assess the quality of the data.
1t could require more time in the case of an existing EMCS than for specification and installation
of dedicated sensors.

Ease of use. It is much easier to assess the accuracy of data when the monitoring team installs the
sensors themselves, because there is more information about what was actually instailed, and how
it was installed.

Impact of building on monitoring. Impact of the building operation on monitoring is an impor-
tant consideration whenever data accuracy is important. If the sensors can be easily tampered
with, then data may be lost or compromised. This is a concem for both dedicated and EMCS
monitoring.

Impact of monitoring on building. If accuracy concerns necessitate installation of improved sen-
sors, then the intrusiveness of the sensors will become an issue, just as in dedicated monitoring.

Standardization. When savings estimates rely upon statistics involving several buildings, the
accuracy of the data in each building will have to be known. If standardization of data accuracy
across buildings is important, then it will be more important to assess data accuracy carefully.

Control. Control is a primary concern if data quality is important. The monitoring team will

have less control over data quality with an EMCS. Even if sensors are accurate, the team may
feel less comfortable about using them than if they had been installed specifically for monitoring.

Assessment Methods:

The measure of accuracy is the accuracy of the reading reported by the EMCS. It should be
reported in either + an engineering unit, or as a percentage of the minimum value expected. The
accuracy of sensors, transducers, and analog-to-digital converters all affect the accuracy of the
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measurement so they must all be considered. The required accuracy will depend on the analysis
that will be performed.

This is illustrated in an example of determining required sensor accuracy when the required accu-
racy of the resuit is specified. For example, when calculating the savings from nighttime shutoff
of a constant speed pump, one might take a one-time measurement (or short-term monitoring) to
determine the power drawn when the pump is operating, and monitor pump runtime over a longer
period. Power and off hours are shown with their respective uncertainties:

kWHSkW (V-1)
offhrs+8offhrs (V-2)

where 5kW is the uncertainty in the kW reading, and Soffhrs is the uncertainty in the hours of
operation. The savings is equal to the product of the power and the off-hours. The uncertainty
for any such product (or quotient) is found from the following equation:

Ssavings/savings=V(SkW/KW)2(Soffhrs/offhrs)”. (V-3)

If the controller has turns the pump off for 16 hours/day during the week, and 24 hours/day dur-
ing the weekend, it should be off for 5120 hours/month. If pump start-time and stop-time are
detected to within five minutes, there will be an uncertainty of ten minutes/day, or five
hours/month (0.1%). With a power reading of 1010.1 kW (1%), the resulting savings is
51,2004:500 kWh/month, or about one percent uncertainty.

In another example, the savings from a retrofit might be measured from simple pre- and post-
retrofit consumption:

kWh,+8kWh, (V-4)
KWh,£8kWh; (V-5)

The savings is the difference between the two, and the uncertainty of any such difference (or
sum) is found from the following equation:

Ssavings=(SkWh,)-(Skwh,)* (V-6)

For example, if the pre-retrofit consumption is 5000 kWh, with a five percent uncertainty of 250
kWh; and the post-retrofit consumption is 4000 kWh with a two percent uncertainty of 80 kWh;
the savings will be 10004£262 kWh, for a resulting uncertainty of 26%. The "Measurement and
Instrumentation” chapter in the ASHRAE Handbook of Fundamentals also provides information
on sensor accuracy considerations (ASHRAE 1989).

Documentation of as-built accuracy should be available from the EMCS operator. The operator
can also be asked which points are known to be faulty. Next, a reality check should be per-
formed: look at current values, or any data trends and judge whether they make sense. Are they
changing when they should be? Is the magnitude roughly what can be expected given the type
and size of equipment in the building? Given the values of other variables, does the value make
sense? For many variables—for example, zone temperatures, or whole-building annual energy
intensity—it will not be difficult to determine if the readings are in the right range. For other
variables, however, it would take much more specialized knowledge about the building to make
this kind of assessment. Perhaps other EMCS data can be used to confirm the value. For exam-
ple, if a flow sensor is showing a negligible flow, it may be a sensor error, but if the VFD speed
control shows a very low speed, or if the fan on/off status point is showing that the fan is off, it
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may be correct.

If possible, the sensors themselves should be inspected: are they the same sensors (type and size)
specified in the plans? Are they installed in the proper location? Are the wires connected? Are
they obviously damaged? Not all sensor problems would be detected by such an inspection, and
it may be impossible to inspect some sensors that are embedded in equipment, but some problems
might be identified in this way.

For any points that may be suspect, or any crucial points, it may be advisable to perform short
term monitoring in parallel to the EMCS monitoring. This might consist of taking one-time or
very short-term readings of the value. Or it might consist of installing a sensor and portable data
logger for a short period of time.

Sensor Calibration: Are sensors in proper calibration?

Technical Issues:

It is often not enough to have accurate sensors: sensors must be in good calibration when they are
first installed, and the calibration must be maintained. Since this is not always done with EMCSs,
and calibration documentation is often not available, it is sometimes necessary perform field cali-
bration, or at least to compare EMCS values with some reference to determine their accuracy. For
example, utility bills or readings from hand-held instrumentation can be used in this comparison.

Sensor calibration is especially important when data accuracy is not crucial to the operation of the
building. In these cases, the building managers may not have incentive to double-check values or
replace a sensor that is known to provide false values. In one of the case studies in Chapter IV,
an electrical meter was miscalibrated by a factor of two. Since building personnel were only
interested in changes from day to day, and not in the absolute value, they had never discovered

the problem.

Calibration is particularly important for energy savings calculations, since they often involve
comparisons between two different sensors at one time (for example, a differential temperature
calculation), or one sensor over time (for example, the change in energy consumption before and
after a retrofit). Since differences are often directly translated to savings estimates, calibration is
often one of the primary issues in monitoring for energy savings calculations.

Relationship to Constraints:

Data quality. Calibration is as important to data quality as is sensor accuracy. The calibration of
all essential sensors should be checked. When carrying out field calibration, it is important that
data are collected over the expected range of values.

Cost. The cost of sensor validation must be figured into the total program cost whether dedicated
or EMCS-based monitoring is being performed. Recalibration of sensors may be more expensive
than initial calibration, since access to the sensors can be difficult.

Time. Recalibration of sensors is may also require more time than initial calibration, since access
to the sensors can be difficult.

Ease of use. If documentation of sensor calibration is available and sufficient, recalibration may
not be needed, and verifying data will be much simpler.

Impact of building on monitoring. Calibration factors can, intentionally or unintentionally, be
changed by EMCS operators.
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Impact of monitoring on building. Since calibration is important for controlling the building, the
EMCS operator might be willing to participate in calibration efforts.

Standardization. Often, a monitoring program will have standard calibration procedures, These
should be used, if at all possible, on the EMCS sensors.

Control. Since calibration factors can be changed by the building personnel, and access to sen-
sors can be difficult, the monitoring team is likely to have little control over calibration.

Assessment Methods:

The measure of calibration is the same as the measure of accuracy: the error in a reading,
expressed either * an engineering unit, or as a percentage of the minimum value expected. While
calibration should be checked over the entire range of expected values, the greatest percentage
error will occur when the value is the lowest. Some sensors are calibrated at the factory, and their
calibration factors are supplied in the product literature. Generic thermocouple calibration tables
are also available for different types of thermocouples. Some other sensors must be recalibrated
in the field. This can be done by comparing the sensor output with a known reference sensor, and
adjusting calibration factors until they agree well, over a wide range of values. As an example of
recalibration efforts, the LoanSTAR monitoring program operates their own calibration labora-
tory to ensure that the sensors are reading correct values (see, for example, Bryant and O’Neal
1992, O’Neal et al. 1990, Robinson et al. 1992, and Turner et al. 1992). If many similar sensors
are used, a sample of the sensors can be calibrated. One might not need to calibrate all sensors if
an acceptable percentage are still in calibration.

Many types of sensors should be periodically recalibrated. The frequency with which sensors
should be recalibrated depends on the type of sensor. Sensors that are open to the environment,
and sensors that include mechanical parts are particularly in need of periodic recalibration: espe-
cially flowmeters, dewpoint sensors, and static pressure sensors. For example, it has been recom-
mended that relative humidity sensors be recalibrated at least every six months (Bryant and
O'Neal 1992). The EMCS operator should have access either to information on factory calibra-
tion of sensors, or to documentation of subsequent recalibration.

3. Guidelines for EMCS Monitoring: Storage Issues

Table V-2 summarizes the guidelines that relate to storage issues. These guidelines are discussed
in more detail below.

Data Recording: Do software and hardware permit recording of historical data?

Technical Issues:

To be useful for monitoring in any application, an EMCS must be capable of recording data.
Most EMCS models have this capability, The current value of all EMCS points is usually avail-
able for immediate use in control applications, (for example in a calculation to determine if more
cooling is required), and these data can often be stored for further analysis. Because of the use-
fulness of historical data for building operation, most EMCSs have a facility for storing large
amounts of data, often called "trending."

In a monitoring tool for calculating energy savings, as in any other monitoring project, the ability
to store data is an absolute requirement. If a particular EMCS does not have storage capability, it
is possible that the necessary software is available from the manufacturer, but has not been
installed at the site. In that case, the software could be added. Since operators are working with
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Table V-2. Guidelines for EMCS Monitoring: Storage Issues.

Specific Issue

Metric

Assessment Methods

Data Recording: Do
software and hardware per-
mit recording of historical
data?

Existence of a function for
recording data to memory
or disk. Requirement to
share data space with build-
ing operations.

Description in manual of
history facility; discussion
with EMCS operator;
demonstration.

Data Averaging: Are his-
“torical data recorded at
intervals appropriate for
analysis?

Existence of averaging,
instantaneous, and totalized
data; interval at which data
can be provided.

Description in manual of
data processing; discussion
with EMCS operator;
demonstration; engineering
units in reports; documen-
tation of sensor types.

Data Storage: Does the
system have an available
data storage capacity
sufficient for monitoring
applications?

Amount of memory or disk
space needed for storing
data for the number of
days, points, and intervals
that will be used.

Documentation of max-
imum number of points, ot
samples per point, memory
capacity, disk space; dis-
cussion with EMCS opera-
tor about amount of capa-
city that is available; short-
term assessment.

Data Format: Are data
available in an easily pro-
cessed format?

ASCII or binary data; data
are in rows or columns;
column separation; all data
in one file; existence of
headers; text in quotes;
coding of missing values.

Description in manuai of
history facility; demonstra-
tion with a sample collected
report.

Time Stamping: Does the
system record the time a
piece of data was col-
lected? For data with regu-
lar intervals, does it record
data at specified times, not
at specified intervals, so

data at the correct time if
the system is restarted?

that it will begin collecting

Data are recorded at
specific times; format is
unambiguous.

Description in manual of
history facility; demonsira-
tion with sample data; trend
point definition;
specification of time to
begin collection.
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the same data space, it is possible for them intentionally or unintentionally to delete or reset trend
data. It is important that the EMCS operators are kept up-to-date on data-collection activities.
The amount of attention that they can spend on monitoring will depend on what the relationship
is between the building and the monitoring. If the building has some interest in what the data
show, they will be more apt to provide assistance. In the case of third-party moritoring, where
the outside party is billing the building for energy savings, the building has an interest in making
sure that the savings estimates are correct. However, it is the management and not the operator
that usually has this interest, so it is important to keep in direct communication with the operator.
One way of accomplishing this is to provide feedback to the operators (for example, by circulat-
ing plots of the data) to allow them to see what has been collected and its usefulness.

Relationship to Constraints:

Data quality. If the EMCS cannot collect data, data will not be available for analysis. If the data
space is shared, the quality of the data may be affected.

Cost. Monitoring with an EMCS may be much less expensive than installing dedicated monitor-
ing. If any software must be added, however, the cost will likely have to be borne by the moni-
toring project.

Time. If monitoring capabilities exist, then monitoring can be initiated fairly quickly. If data
monitoring capabilities must be supplemented, it may take time to obtain the necessary software
and/or hardware, to install it, and to learn to use it.

Ease of use. If monitoring capabilities exist, it will be much simpler to begin collecting data.
The collection procedures, however, may be more or less easy to use than a dedicated monitoring
system, depending on how user-friendly the software was designed to be.

Impact of building on monitoring. If software or hardware are added, they may be less likely to
be tampered with than EMCS software or hardware installed for the building’s needs. If the data
storage area is shared, there is a potential for loss of data.

Impact of monitoring on building. 1If software or hardware are added, care will have to be taken
to ensure that the EMCS continues to operate correctly.

Standardization. Standardization in data collection will be a factor only as it relates to issues
such as data format and access procedures, which are discussed later.

Control. If the data collection hardware and software are not owned by the monitoring team,
there will be less control over the data collection process.

Assessment Methods:

The metrics here are the existence or absence of a method for recording data to system memory
or the disk, and whether or not the data storage area is shared by building operation activities.
For most applications, it is essential that data can be coilected by the EMCS. The need for secu-
rity of the data should be carefully assessed. The EMCS operator should know if the EMCS has a
facility for trending, archiving, or collecting historical data. Copies of manual pages summariz-
ing the trend facility may be required to determine if it is really applicable. For example, some
trending programs only allow graphs of trended data to be displayed, but one has no access to the
data proper. The procedure for displaying or transmitting trend data should be demonstrated.
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Data Averaging: Are historical data recorded at intervals appropriate for analysis?
Technical Issues:

The analysis tool used will determine the time step needed for data collection. In addition to
allowing the user (e.g., the EMCS operator or monitoring team) to select the data interval, it is
important to know whether the data are instantaneous "snapshots,” averages, totals, or max-
imums.

Many monitoring projects use 15-minute or hourly interval data. Many others, however, use
much longer or shorter intervals. For example, savings estimation using the Princeton Score-
keeping Method (PRISM) require monthly data (Fels 1986). Load signature analysis carried out
for diagnostics would require intervals as short as fractions of a second (Norford and Mabey 1992
and Norford et al. 1992). Using daily data can enable the detection of overall trends that are
difficult to detect in all the fluctuations of hourly data, but if the fluctuations are of interest, they
would be masked in the daily data.

For variables that are slowly and smoothly varying, such as outdoor air temperature, it might be
acceptable to take a sample of the value once an hour. Short-interval samples might suffice to
characterize some variables that are varying more. For example, five-minute samples of a vari-
able such as fan power may be sufficient to define rough demand profiles.

However, for quickly changing variables or those requiring more precise characterization—for
example, equipment that has a duty cycle and tums on and off several times throughout a day, or
equipment with large power spikes on startup—it may be necessary to collect averaged data. Ifa
snapshot were taken at the time of a power spike, for example, interpretation of the data would
incorrectly imply that that was the demand throughout a larger interval. Alternatively, if one
wants to understand the peak values of a variable, one would want to monitor the maximum value
over the interval. -

Other variables require totals. Any variable in which a flow is measured, but an accumulated
value is the desired quantity to characterize, will require some form of integration. Energy, water
consumption, and runtime are examples of these types of variables.

Some systems allow data to be collected in any of the above-mentioned methods, but one method
must be chosen for all data points. It is not possible in these systems, for example, to collect
hourly temperature averages as well as hourly samples of cumulative electrical energy consump-
tion. Averages, totals, and maximums can often be calculated in the EMCS software, if the sys-
tem does not allow for this type of automatic data processing. This will require sampling and
storing high frequency data.

Averaging is a particularly important issue for electrical energy monitoring in savings evaiua-
tions. There are several ways to measure electrical power and energy consumption. One method
uses a pulse counter installed on a utility kWh meter or watt-hour transducer. Each pulse
corresponds to a certain amount of energy. The EMCS accumulates pulses--or kWh--and reports
cumulative energy: in a time series, one reading is subtracted from the next to determine the total
energy consumed over that period. These data should be sampled, and not averaged or totaled,
because the cumulative value at the end of an hour corresponds to the amount of energy con-
sumed during that hour. There are two ways to report this: measuring the time for a given
number of pulses, or measuring the number of pulses in a given amount of time. The former is
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referred to as COV monitoring. COV monitoring has the characteristic that when the value is
changing quickly, very short interval data are collected; and when the value is changing very lit-
tle, very long interval data are collected. COV monitoring was discussed in greater detail in
Chapter II. In another method for measuring energy, power is measured directly using a watt-
transducer, and an analog signal, proportional to the instantaneous power, is read by the EMCS.
This instantaneous power must be averaged to be used for energy analysis.

Again, the format of the data must match the savings analysis technique used, or an alternative
analysis technique must be selected.

Relationship to Constraints:

Data quality. If only instantaneous snapshots of data values are available, accurate estimates of
averages over a period will be difficult or impossible to obtain. Any calculated averages should
be accompanied by an indicator of whether or not of the data during the averaging interval were
missing.

Cost. Averaging should have no effect on monitoring cost.

Time. 1f average values must be calculated in the EMCS software, it will take some time to pro-
gram the EMCS and ensure that it is calculating the averages correctly.

Ease of use. Averaging may be available at the most common intervals, but if average values
must be calculated in the EMCS software, it will take effort to program and test the averaging
routines. This will require learning a fair amount about how the EMCS is programmed, or
significant assistance from building personnel.

Impact of building on monitoring. Averaging should not change the impact that building opera-
tions have on monitoring.

Impact of monitoring on building. If the EMCS must be programmed to calculate averages, one
must ensure that the increased computation does not adversely affect EMCS operations. If the
EMCS can only implement one averaging or totalization technique at a time, then any change for
monitoring may also affect data collection for the building’s use.

Standardization. The need for averaged data will be driven to a great extent by the need for stan-
dardization among buildings. COV data collection may not be appropriate if there is a strong
need for standardization among buildings.

Control. The monitoring team will want to be able to select averaging techniques to suit their
needs, and an inability to do so will result in loss of control over the process.

Assessment Methods:

The measures of data averaging capabilities are the existence or absence of averaging or totaliz-
ing functions, and the interval at which data can be provided. The EMCS manual’s discussion of
trending should indicate whether or not there are averaging or totalizing functions. Information
obtained during the demonstration will also contribute to this determination: what are the
engineering units in which the data are expressed? Is there mention of averaging during the tran-
saction to request historical data? The EMCS operator may also help in making this determina-
tion. The type of sensors used may indicate whether or not averaging is needed. Data measured
with a watt transducer will have to be averaged, while those from a watt-hour transducer with a
pulse counting output will not. It is important to find out whether different points can be aver-
aged in different ways, or whether one averaging method must be used for all trended points.
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Data Storage: Does the system have an available data storage capacity sufficient for moni-
toring applications?
Technical Issues:

Before data are downloaded to the remote computer, they will be stored for some period of time
on-site, and there must be sufficient storage capacity to hold all the data. If there is not enough
storage capacity, one alternative is to purchase more memory. Or, it may be that there is enough
space on a temporary basis for short term monitoring. It may also be possible to download the
data more frequently, or collect data at a larger recording interval, so that fewer data are stored.
Alternatively, it may be possible to install an additional computer in the EMCS network to col-
lect the data.

The required storage capacity will depend on how much data will be collected. This, in tum, will
depend on the number of points to be monitored, the precision of the points, the frequency of
sampling, the frequency of downloading, the amount of uncertainty in the downloading fre-
quency, and the need to permanently archive data. For a monitoring project to calculate savings,
one might monitor several energy channels (including whole-building electric), several weather
variables, and state variables for several different systems (e.g., supply and return temperatures
and flowrates for a chiller). For example, if averages on twenty variables are collected, hourly
data are downloaded once a week (but sometimes it may be up to 8 days between downloads),
and the data require six bytes of memory for each value, about 23 kilobytes of storage will be
required (20x24x8x6), depending on the structure of the file. Many savings evaluation projects
collect large amounts of hourly data, and storage is a primary consideration.

Relationship to Constraints:

Data quality. Data can be lost due to memory overflow. There can be a tradeoff between the pre-
cision of the data (i.e., the number of significant digits recorded) and storage space. With COV
monitoring, a relatively high COV level will result in a smaller amount of data collected—except
at times of rapid change—although it will result in reduced accuracy.

Cost. The cost of an additional computer may, in some cases, make EMCS monitoring more
expensive than dedicated monitoring. Usually, however, a fairly unsophisticated compater can be
used for this purpose. This might be "last year’s model,” which can often be purchased quite
inexpensively.

Time. If data must be downloaded more frequently due to storage considerations, then time
required for monitoring will be affected.

Ease of use. Ease of monitoring will also be affected if data must be downloaded more fre-
quently due to storage considerations.

Impact of building on monitoring. Data collected for building or EMCS purposes can encroach
upon data collected for monitoring purposes. This can either be done explicitly by the EMCS
personnel, or it can be done automatically if data storage space fills up.

Impact of monitoring on building. Similarly, data collected for monitoring purposes may
encroach upon data collected for building or EMCS purposes. With a distributed architecture,
information being trended for energy monitoring is traveling along the network paths as other
EMCS information. One must consider both the impact of energy monitoring traffic on other
operations, and the impact of the other operations on energy monitoring.

Standardization. The need for standardization may result in less latitude in selecting download-
ing frequencies and data precision, which may be affected by storage capacity considerations.
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Control. Sharing data storage space with other EMCS uses could result in a loss of control over
data.

Assessment Methods:

The measure of amount of storage is the amount of memory or disk space needed for storing data
for the number of days, points, and intervals that will be used in the monitoring.

Most systems have sufficient storage capacity for this, at least in theory. Capacity can be broken
down into three related issues: memory, disk space, and communications. Many systems have an
absolute number of points that can be trended, the maximum number of samples that can be
stored per point, or the total memory capacity that is available to trend data. In addition to know-
ing these limits, one must ascertain how much of the total capacity is available. Some of the slots
will be used for the building control operations. Disk space is seldom a limitation on EMCSs
with a host computer, but again available capacity must be ascertained.

In practice, many systems are limited more by communication considerations than storage space.
Many EMCSs have a distributed architecture with networked remote control units (RCUs) and
the ability for a host computer to be connected in the network. Data can either be stored on the
RCU, on the host computer, or on the host’s peripheral data storage medium (hard or floppy disk
or magnetic tape for longer term storage). In these systems, networking concerns may be more
important considerations than raw data storage space or absolute point limits in evaluating the
usefulness of an EMCS for monitoring.

Some systems have absolute limits on the number of points that can be trended, or the number of
samples that can be saved. This can be found from manual descriptions of the trending facility.
The number of points already being trended for building operation activities should be deter-
mined from the EMCS operator. In terms of overall storage space, the amount of space that will
be occupied by the expected data should be estimated. Then, one should find out where the data
will be stored: are they stored on the host disk, on a controller’s memory, or on an archive
medium such as magnetic tape? Then, the amount of space generally available for stored data,
and the currently available capacity should both be determined. Availability of the trend capacity
is difficult to predict for a particular site by simply knowing the EMCS model. Even when inves-
tigating the system more closely, it is sometimes difficult to ascertain capacity. The EMCS
operator or vendor will have a sense of how fully loaded the system is. If they are close to their
limits in terms of memory, disk space, or communications throughput, they will probably be
aware of it, as it has probably been causing problems. And the only sure way to know that there
is enough capacity for monitoring is to start monitoring, and for at least the first few weeks, keep
very close contact with the EMCS operators to find out if problems are occurring,

Data Format: Are data available in an easily processed format?

Technical Issues:

After retrieving a data file, a preprocessing step is required to put the data into a format that can
be used for analysis. The original file formats will vary widely, and can be important deter-
minants of the suitability of an EMCS for monitoring.

For many energy conservation programs, specialized computer tools and programmers are not
available, and often spreadsheet programs are used for data analysis. It is then highly desirable to
have a format that is designed to be read by a computer, and not by a person. Many EMCSs have
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formats designed to be imported to spreadsheets, and can also be read by other programs such as
AWK (a common UNIX facility for data processing based on pattern recognition—see Aho et al.
1988). Another consideration is how often data must be processed, and how much data will be
collected.

The ideal format would be an ASCII file with one column for each point, and no header informa-
tion. A separate file should be available to indicate engineering units and which channels
correspond to which variables. Each line in the data file should be time- and date-stamped.
Columns should be separated by spaces, commas, or tabs. If possible, lines should not be longer
than 80 characters. Any non-numeric characters should be in quotes. Missing data should be
identified as missing, not blank or zero. Finally, each line should be concluded with a carriage-
return. While none of these are hard and fast requirements, they greatly facilitate processing.

Some additional types of processing that may have to be done are: parsing the date into day,
month, and year; parsing the time into hour, minute, and second; subtracting cumulative values to
obtain differences (and marking the intervals during which the counter was reset as unreliable);
removing the login, command line, and header lines from the log file; calculating the time for
each sample, if only the beginning time and sampling interval are known; and transposing the
data from rows to columns.

Some of the problems encountered in the case studies were that only the first 80 characters of a
132 character line displayed, carriage returns were not transmitted, a status line appeared periodi-
cally in the middle of the data, the data were not in conventional columnar format, the data were
in COV rather than hourly format, missing data were blank, and numeric and alphanumeric data
were mixed. All of these could be dealt with, but when taken together, made data collection quite

cumbersome.

Relationship to Constraints:

Data quality. If data files must be processed to extract data, then any idiosyncracies in the data
file format may potentially result in incorrect translation of data.

Cost. If data file processing is complex, a programmer may be required to create a robust transla-
tion procedure.

Time. Time will be required either to "massage" data into the appropriate format as they are col-
lected, or to set up and run a robust processing procedure.

Ease of use. For small data files, it may not be difficult for someone reasonably proficient in edit-
ing to reformat the data manually. For larger files, or if data are coming in frequently over a long
period of time, manual processing is not feasible, and a robust automated method should be dev-
ised. The size of the file may also make methods such as spreadsheet macros cumbersome.
Impact of building on monitoring. Data file format should not change the impact that building
operations have on monitoring.

Impact of monitoring on building. Data file format should not change the impact that monitoring
has on building operations, either.

Standardization. Partticularly for large programs, it is advantageous to have only one data-
processing routine. If several different file formats are used, from several different EMCSs, the
processing task may become unmanageable.

Control. Many monitoring teams may want to define a file format useful for their needs, and this
format may not be available from the EMCS.
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Assessment Methods:

There are several metrics for appropriate file formats: whether or not data are in an ASCH or
binary format, whether different points constitute different rows or columns; whether all the data
are collected in one file; whether values are separated by spaces, commas, tabs, or at all; whether
headers are used; whether text values are in quotes; and how missing values are coded. The data
format should be shown in the EMCS manual, or a printout or diskette file from the demonstra-
tion can be kept. If the format is not appropriate, alternative formats are sometimes available.
Sometimes trend data are available in a “"spreadsheet compatible” format, which is easily
imported into a spreadsheet program, and can easily be processed. Another important issues is
how predictable the file format is. Even a complex file format can be processed, so long as it is
quite predictable. It will be much more complex, however, to process data files that change in
format over time and have random, spurious information included at different times.

Time Stamping: Does the system record the time a piece of data was collected? For data
with regular intervals, does it record data at specified times, not at specified intervals, so
that it will begin collecting data at the correct time if the system is restarted?

Technical Issues:

The data time interval must be selected in order to be appropriate for the intended analysis. In
addition to having the correct interval, often the data must be collected at certain times. Many
EMCSs are reportedly capable of recording hourly data. However, in some cases, if the system is
rebooted, the data collection time may shift to the time when the system was rebooted. If the sys-
tem collects data at specified intervals rather than at specified times, the data must be checked,
and if the trend has shifted, it must be reset.

In energy savings analysis, hourly data are often quite important. For example, often hourly con-
sumption data will be matched with hourly weather data from a weather service, or hourly status
data from the EMCS. This is difficult to do when the hourly data are recorded at thirteen minutes
past the hour. Or a logger may collect data at odd intervals such as 16 minutes, which cannot
easily be integrated into an hourly value. Another example of the need for coincident data is the
matching of monthly energy bills with monthly degree-day data in PRISM to normalize con-
sumption estimates. Energy bills typically cover roughly a month of consumption, although there
is no guarantee that the month will start at the beginning of the calendar month, as the weather
data will. If the requirement is to characterize load shapes, however, data such as COV may be

sufficient,

There are several different formats for timestamping data, and most of them can be used in moni-
toring. The primary consideration, however, is that it must be unambiguous: it must be clear
what period of time a piece of data corresponds to. For example, if an hourly average was col-
lected at "Hour 1," this could either correspond to the hour between midnight and 1:00 am, or that
between 1:00 am and 2:00 am. It could also be confused with 1:00 pm.

Relationship to Constraints:

Data quality. If the time for data collection slips, it will become difficult to relate the data to
other supposedly coincident data, If the timestamp is ambiguous, misinterpretation of data is
possible.

Cost. Checking data constantly to ensure that the time for data collection has not slipped will
require additional processing time, and therefore additional costs.
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Time. Checking data constantly to ensure that the time for data collection has not slipped will
require additional processing time. Resetting the EMCS data collection will require either
detailed knowledge of EMCS programming, or assistance from the EMCS operator.

Ease of use. The additional processing step of checking data constantly to ensure that the time
for data collection has not slipped will make the system less easy to use.

Impact of building on monitoring. The collection of data at incorrect times is an example of ways
in which building and EMCS operations affect monitoring.

Impact of monitoring on building. Time stamping should not change the impact that monitoring
has on building operations.

Standardization. The format for the timestamp must be unambiguous, and it should be consistent
from site to site.

Control. Since the monitoring team does not have control over when the EMCS is functioning
correctly or malfunctioning, there will be a loss of control over the data.

Assessment Methods:

The metrics for time format are whether or not data are recorded at specific times; whether data
format is unambiguous; and a clear definition of whether the hour number refers to the hour
before or after the top of the hour. Much of this can be determined from the manual, and from a
demonstration of the data collection capabilities and a sample demonstration session. One can
tell if the system will reliably collect data at the correct times by looking at how the trend point
was defined. If it does not ask for the time to begin collection, or if it does not imply that data
will be available at the top of the hour, it might collect data as soon as it is enabled. Another
method is to look at some collected hourly data. If the data are recorded at strange times, (for
example, at 13 minutes after each hour) it has probably shifted. If the EMCS has battery backup,
it will be less likely to become reset. :

4. Guidelines for EMCS Monitoring: Access Issues

Table V-3 summarizes the guidelines that address access issues. These guidelines are also
described in more detail below. :

Remote Connection: Can users connect to the EMCS remotely, using generic communica-
tions software?

Technical Issues:

For remote monitoring, there must be some way to retrieve data from the site. In some cases, it is
possible to retrieve collected data manually. For example, if the monitored site is physically
close to the intended destination of the data, it may be possible to periodically visit and collect
data from the EMCS. In many cases, however, manual collection of the data is not feasible. In
order to access the data remotely, one can make use of the fact that most EMCSs allow for a
remote computer to be tied into the system’s network. If it is not possible to conmect to the host
computer, it may be possible to connect through an RCU. If there is no way to connect to the
EMCS remotely, it may suffice to visit the site periodically and collect the data on a diskette, or
to have the operator do this and mail the diskette. Another alternative is to take advantage of the
existing EMCS sensors, while installing additional wiring and dataloggers. One might also be
able to take advantage of the EMCS networking capabilities, and collect data throughout the
building using a datalogger taking its input from the analog outputs of one centralized EMCS.



Table V-3. Guidelines for EMCS Monitoring: Access Issues.

%4

Specific Issue

Metric

Assessment Methods

Remote Connection; Can
users connect to the EMCS
remotely, using generic
communications software?

Ability to connect with sys-
tem remotely; requirement

_for proprietary communica-

tions software,

Description in manuai of
remote connection; discus-
sion with EMCS operator;
demonstration over phone
lines (remote or nearby);
number of phone lines.

Remote Data Transfer: Is
there a mechanism either to
display a trend report on
the screen of a remote com-
puter that is minning gen-
€ric communications
software, or to transmit an
ASCII file from the host
computer disk directly to
the disk of the remote com-
puter?

Ability to have history data
file transmitted or displayed
to remote screen; require-
ment for proprietary data
transfer software.

Description in manual of
remote history file access;
demonstration with sample
log file; discussion with
EMCS operator.

Simple Process: Can users
request historical data with
a simple command?

Automation ability; number
of keystrokes for logging
on and off and requesting
data for a specified number
of points, interval and
downloading frequency;
commangd line or menu
orientation.

Description in manual of
remote history file access;
demonstration with sample
log file; discussion with
EMCS operator.

Rapid Process: Is the time
required to transmit the
data short?

Amount of time for logging
on, requesting data, and
receiving it—for the
number of days, points, and
intervals that will be used,
and downloading fre-
quency.

Timed demonstration with
sample log file; modem
communications rate; real-
time report generation; data
format.

Transmission Error Detec-
tion: Are data transmission
etrors automatically
detected and corrected?

Transmission uses an
error-checking protocol
that detects and corrects
any erroneous data
transmissions.

Description in manual of
the file transfer process.
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The need for remote connection will depend on the scale of the project (it will be difficult to visit
many sites in this way), the frequency of retrieval, how accessible the building and EMCS are
(will it require help from on-site personnel? is a key needed to get into the building or EMCS
command center? is permission needed to enter the facility?), and the availability of personnel to
collect the data.

This remote computer can either be a "dumb" terminal or a microcomputer, equipped with a
modem and communications software, and emulating a terminal with standardized protocols.
Communication takes place over commercial telephone lines. Most EMCSs include the required
hardware and software for communications, and have a telephone line dedicated to the EMCS
use. These can usually be used by monitoring projects. It may or may not be important that the
software residing on the remote computer be non-proprietary, or at least non-unique to the EMCS
being monitored. If only a few sites are being monitored, it may be acceptable to purchase one
computer program for each. If many sites are monitored, and they require many different pro-
grams to access, a generic program will be preferable.

There can be a conflict if the EMCS phone line is used both for remote monitoring and EMCS
operation. Usually, if the connection is made at night, interference is minimized. There is some-
times the potential to for the communication to freeze, and it is desirable to be able to call
someone—usually the EMCS operator—and have the terminal reset. If tying up the system’s
telephone is a problem, one could consider purchasing an additional phone line and modem. If
the system has a distributed architecture, and tying up the host computer is a problem, it might be
possible to call into an RCU instead. Another alternative is sometimes to install another computer
into the EMCS network, dedicated to data collection and communications.

Relationship to Constraints:

Data quality. In applications where remote access to data is necessary, the ability to connect to
the EMCS host or some alternate site in the EMCS is crucial in determining whether or not data
will be available.

Cost. Proprietary EMCS or communications software is likely to be more expensive than generic
software. Even if it is not, acquiring different programs for different EMCS models would be
quite expensive.

Time. Time will be required to learn how to use different proprietary programs, and to automate
access and data processing procedures.

Ease of use. If a new proprietary program must be used, the process of using the EMCS for moni-
toring will be less straightforward, regardless of how simple the program is to use.

Impact of building on monitoring. Changes that are made to the EMCS could result in the need
to acquire different proprietary software to make a connection. This would not be the case if gen-
eric communications software could be used.

Impact of monitoring on building. If the EMCS only allows one outside user to connect to the
system at a time, or the number of access points into the system is limited, then connections to

carry out monitoring could interfere with connections to carry out building or EMCS functions.
Also, if the system must be reconfigured to allow outside users, the EMCS use would be affected.

Standardization. Proprietary software unique fo the EMCS model would result in different
methods for different buildings, which conflicts with the need for standardization.

Control. If generic software is used, changes in EMCS software will have less affect.
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Assessment Methods:

The metrics here are the ability to connect to a system remotely, and the requirement for
proprietary software. The need for collecting data remotely should be assessed first. Reviewing
the EMCS manual, talking with the EMCS operator and vendor, and a demonstration of the sys-
tem will show if it is possible to connect remotely. The need for using non-proprietary or non-
unique software should also be assessed. Must the software be provided by the EMCS vendor, or
is it "off-the-shelf" software? If data can be collected using public-domain or generic communica-
tion software, then separate software will not have to be purchased for each EMCS.

Remote Data Transfer: Is there a mechanism either to display a trend report on the screen
of 2 remote computer that is running generic communications software, or to transmit an
ASCII file from the host computer disk directly to the disk of the remote computer?

Technical Issues:

If a remote connection is needed, it will also be necessary to ensure that the data can be
transferred through this connection. Simply being able to connect to an EMCS remotely is not
enough. One must also be able to access the EMCS’s stored data. For third-party monitoring
projects, many buildings are monitored, and the ability to transfer data remotely is a primary con-
sideration.

There are two classes of methods for downloading data: displaying a report on the remote
computer’s screen, or transferring a data file. In the first method—the Generic Terminal method,
described in Chapter II—one uses the remote computer to log onto the EMCS system, and run the
trend utility, requesting that the data report be presented on the screen. The entire session is
recorded in a log file on the remote computer, so that while the report is displayed on the remote
screen, it is simultaneously recorded into a screen-capture file on the remote disk.

In the second class of methods—either the Proprietary, Remote Control, or File Transfer
Methods, described in Chapter [I—the data are stored to an EMCS disk file, and transferred to the
remote computer using a file transfer algorithm. The file transfer algorithm can either be embed-
ded in the EMCS computer software, or can be implemented in a communications program, run-
ning in paralle! with the EMCS software.

Relationship to Constraints:

Data quality. If the screen transfer method is used, transmission errors, (discussed later), are a
concern.

Cost. If separate file transfer software is needed, its cost must be considered.

Time. The file transfer method will be quicker (discussed later) than the screen display method.
Ease of use. The file transfer method will be simpler (discussed later) than the screen display
method. '

Impact of building on monitoring. EMCS operations that display data on the screen will affect
concurrent data collection using the screen display method.

Impact of monitoring on building. If communications software is running in parallel, the EMCS
must be on a computer with an operating system that allows multiple processes, and the asyn-
chronous communications must not conflict with the more essential EMCS tasks.
Standardization. If proprietary file transfer software is used, there will be less standardization
among buildings.
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Control. The method for transferring data is quite important, and will be determined by EMCS
characteristics. This results in a loss of control over the process for the monitoring team.

Assessment Methods:

The metrics are the ability to have a history data file transmitted or displayed to a remote screen,
and the requirement for proprietary file-transfer software. The EMCS operator should know if it
is possible to use screen capture or file transfer to transfer data. If the EMCS operator suggests
that the first method is possible, make sure the data can be displayed on the screen, rather than
just to a printer or disk. The manual will also provide information about this. Again, one must
ensure that the data themselves can be displayed, not simply graphs of the data. If the file transfer
method is used, the need to use proprietary file transfer software to carry out the transfer should
be investigated.

Simple Process: Can users request historical data with a simple command?
Technical Issues:

Many energy savings projects have a large scale and experienced staff are not available to collect
data from the sites. In such cases, a stmple or an automated method of data retrieval is needed.
Often, the EMCS will have a "verbose” mode, in which a prompt is issued for each part of the
command, and a "concise” mode, in which an entire command is entered on a command line.
One needs to identify if there is a shorter concise command that can be used.

A simple procedure is not an absolute requirement, but it makes automation much easier. Most
communications software packages allow the user to create a script file, which can automatically
dial the phone, watch for cues coming from the EMCS, issue the appropriate responses, and then
move on to the next building. Ideally, after dialing the phone, the script file should only have to
provide the correct login name, and then issue one-line commands to request the data. Often,
however, one has to specify information such as what points are of interest, what period of time
_ the report is to cover, what recording interval should be used, and where to send the report (to a

screen, printer, or data file). If the transaction is complex or cannot be automated in a trustworthy
way, it will be necessary to have a technician on hand to periodically ensure that the access is
proceeding smoothly, and reinitiate the connection if it is stuck.

Relationship to Constraints: .

Data quality. If the data collection process is automated, ensuring that data are not lost requires
that the automation routine be very robust. This is particularly true if the program will be running
unattended, if the polling staff are not capable of resetting the program, or where the EMCS can
behave in unpredictable ways.

Cost. The simplicity of the data collection will not affect the cost of monitoring, beyond the time
required for defining automation methods and transferring data.

Time. It takes time to create an automation routine, to carry out monitoring if transfer is not
automated, or to attend to an automated data transfer.

Ease of use. A simple data transfer procedure would be easier to use. A more complex transfer
will not affect ease of use, however, if it can be successfully automated.

Impact of building on monitoring. If building or EMCS activities cause the EMCS to react in
unpredictable ways, an automation routine may fail, unless it is quite robust, or unless it is
attended.
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Impact of monitoring on building.  If an automated access becomes stuck, it is possible that it
would affect the operation of the EMCS.

Standardization. Having many different access procedures for many different buildings would be
unmanageable, unless they are very simple or could be successfully automated.

Control. If the access is not robust, and is prone to getting stuck, the monitoring team will not
have control over the data transfer procedures.

Assessment Methods:

The metrics for this are whether or not the transfer can be reliably automated, and the number of
keystrokes required for logging on and off and requesting data for a specified number of points,
given the data interval and expected downloading frequency. If the data are requested by issuing
a succinct command, it should be easy to automate. A demonstration will indicate what com-
mands are used to request data. This will give an indication of how complex the interaction is
and how unpredictable the transaction may be, and will also be used in creating a script. The
transaction should be carried out manually several times before attempting to automate it. Any
alternative methods of requesting data should be identified. Particularly if the transaction will be
automated, it is crucial that the EMCS operations staff that will be working during the times that
data are transferred are informed of monitoring activities, are knowledgeable on how to reset the
system, and know how to contact the monitoring team if problems arise.

Rapid Process: Is the time required to transmit the data short?

Technical Issues:

The amount of time required for transmission of the data is also an important consideration in
larger scale energy savings evaluation projects. Alternatives, if the data transfer is too time con-
suming, are to download less frequently (so that there is proportionally less header information),
to use a longer data interval (obtaining fewer samples), to use a higher speed modem (9600 baud
modems are now commony), or to find out if there is an archive facility that does not generate the
report as it is being displayed, and may have less header information.

Most EMCSs allow a dial-in connection at 1200, 2400, or 9600 baud. However, the speed of the
transfer will depend to an even greater extent on other factors: whether the data are in an ASCII
raw data file (rather than binary), if the data are embedded in a report; if the report format is ver-
bose; if the report is generated as it is being displayed; and if the EMCS is busy in accomplishing
other tasks while data are downloaded, the transfer may be slow. Using this time along with the
number of useful samples obtained (i.e., only the data of interest) and the number of ASCH char-
acters per sample, one can calculate the average number of samples transmitted per second. Asa
rule of thumb, dividing the baudrate by 100 will give an estimate of the number of samples that
could be transmitted per second. This assumes 6 characters per sample, 8 bits per byte, and that
the speed of transfer in bits per second is in reality only about half the specified baudrate. For
example, at 2400 baud about 24 samples should be transmitted per second. Ideally, the value
obtained from the demonstration should not be less than about a tenth of the reference value. In
the case studies, some systems met this criterion, although some systems were significantly
slower than this.

Relationship to Constraints:

Data quality. The time for transfer will impact data quality if the amount of data transferred has
to be reduced, either by reducing the precision of the data or the data-coliection interval.
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Cost. The cost of the telephone call might be significant, especially for projects with a large
number of sites across a wide area. _

Time. If many buildings will be polled in a short period of time, each connection will have to be
as brief as possible. If the access must be attended, the time for transfer will limit the number of
buildings that can be monitored.

Ease of use. The time required for transfer should have no impact on the ease of use.

Impact of building on monitoring. Any changes in EMCS loading can affect the time it takes to
transfer the data.

Impact of monitoring on building. If it takes a long time to transfer data, the EMCS will be tied
up for a longer time, being more potentially disruptive.

Standardization. The time required for transfer should have no impact on standardization.

Control. Since the time required for the transfer may be determined by EMCS functions, there
will be a loss of control.

Assessment Methoals:

The metric is the amount of time for logging on, requesting data, and receiving it—for the
number of days and points, and the data intervals and collection frequency that will be used. The
time required for transfer can be determined from a demonstration. At this demonstration, note
the time before the data were requested, and again after the transmission completes. The number
of useful measurements contained in the transmission should be used to characterize the "rate” of
information transfer, as described above. Other relevant information are the hardware communi-
cations rates, whether or not the report is generated as it is being transmitted, and how much
unnecessary information—such as headers—the data report contains.

Transmission Error Detection: Are data transmission errors automatically detected and
corrected?

Technical Issues:

Errors can occur, not only due to faulty or inaccurate sensors, but also when transmitting data
from the remote site. Since data are traveling over commercial telephone lines, noise in the
phone lines can obliterate data, or change values. Many file transfer programs include a protocol
for detecting and correcting transmission errors. Some programs allow users to select whether or
not the protocols are used, since there is often a transmission-rate penalty for such cautious
transmission. If data checking is not possible, one alternative would be to send the data twice and
compare them. If discrepancies are detected, the data should be sent again. This redundancy
obviously requires tradeoffs with quick transfer and easy processing.

How crucial it is to have error-free data transmission should be evaluated for a project. The
importance of individual data points, as well as the ability to recover data if they are lost will

determine this.,

Relationship to Constraints:
Data quality. Any data transmission errors that go undetected will affect data quality.
Cost. Error detection capabilities should not affect the cost of monitoring.

Time. Many error detection protocols slow down data transmission significantly. If data are sent
twice, the transfer will take more time.
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Ease of use. If data must be sent twice, the procedures for transferring the data, comparing them,
and determining the correct values if there is a discrepancy will greatly increase the complexity
of the process.

Impact of building on monitoring. Error detection should not change the impact that building
operations have on monitoring.

Impact of monitoring on building. Error detection should not change the impact that monitoring
has on building operations.

Standardization. The same error detection protocol should be used in all buildings if standardiza-
tion among buildings is important.

Control. Transfer techniques that allow the user to select whether quick or reliable transfer is
more important would give the monitoring team more control over the reliability of the transfer
Process.

Assessment Methods:

The metric here is the existence of an error detection and correction protocol. In systems that
have the capability to transmit data files rather than display them on the screen, it may be possible
to use a public-domain file transfer protocol, such as Kermit, which can both recognize and
correct bad data. One needs to determine if the transmission uses a standard protocol, and if the
protocol includes error detection and correction. Systems that only allow screen display do not
perform error checking, and are thus susceptible to communications errors. The amount of time
that typically goes by before data are checked may also be relevant: if data are routinely checked
immediately, then if any errors are found, it will be possible to transfer the data again before data
are erased.

5. Conclusions

The intent of this chapter was to provide specific guidelines for remote EMCS monitoring, car-
ried out by a third party, to evaluate savings from an HVAC retrofit. These guidelines comprise
the greatest part of the contribution of this dissertation. The guidelines were based on the
categorical issues identified in the case studies of Chapter IV, but are much more detailed.

Each guideline corresponds to one of the issues presented in the previous chapter. Each guideline
consists of a discussion of the technical issue that is addressed, how that issue relates to the con-
straints that are identified as needs for monitoring in Chapter ITI, and what methods can be used
to assess an EMCS at a site. The guidelines comprise a concrete set of methods that can be used
by a project planner who is assessing the use of EMCSs. While it was not possible to define in
this dissertation what the needs will be for every particular monitoring project, the guidelines do
provide metrics with greater specificity, and provide methods for evaluating the capabilities at a
particular site. As an example, the next chapter describes how these guidelines and their associ-
ated methods were applied in a particular field trial, to illustrate their use and demonstrate their
benefit.

While the guidelines were specifically designed for the application of monitoring by a remote
third party to evaluate energy savings, this chapter also discussed how the requirements in an
application relate to the constraints. The guidelines are therefore applicable to a wider range of
applications. These guidelines may also have application to other efforts, such as guiding the
specification and installation of EMCSs or the design of new systems.
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VI. CONTROLLED CASE STUDY OF EMCS MONITORING

In Chapter III a general framework was created for the process of monitoring-project planning,
and in Chapter IV, several exploratory case studies were carried out to investigate the effective-
ness of EMCS monitoring. In those studies, there was an emphasis on identifying the kinds of
problems that could occur, and categorizing those problems to define important issues. In
Chapter V, guidelines were created to apply the monitoring project planning process to the partic-
ular application of assessment of EMCSs for remote monitoring for savings evaluation. The
issues identified in Chapter IV were formalized into the guidelines, to provide a procedure for
evaluating EMCS monitoring.

In this chapter, a more methodical field trial is conducted to test the guidelines. Again, the focus
narrows, this time to a particular example of the type of monitoring application discussed in
Chapters IV and V (remote third-party monitoring to evaluate energy savings). In addition to
testing the guidelines, this field trial serves as a more thorough demonstration of EMCS monitor-
ing capabilities, and identification of problems and advantages. The guidelines developed in the
previous chapter are used to assess EMCS monitoring at a controlled site. This case study also
serves as a detailed and quantitative comparison of EMCS and conventional monitoring tech-
niques, according to the guideline criteria. The objectives of this study, in order of importance,
are: 1) to demonstrate and evaluate the use of the guidelines for assessing EMCS for monitoring;
2) to evaluate the process and effectiveness of collecting data with an EMCS; and 3} to demon-
strate other potential benefits of EMCS monitoring which could be further developed.

The site chosen for this project has an EMCS and is also monitored using dedicated monitoring
instrumentation. This allows a side-by-side comparison. Thus, it is not intended to be répresen-
tative of a standard-practice EMCS or the building stock. The purpose is not to prove that EMCS
monitoring will be effective in every case, but rather to provide a side-by-side comparison of
dedicated monitoring and EMCS-based monitoring, and to provide a clear example of how the
guidelines can be applied.

The first section below documents the case study site, and discusses the methods that were used
to investigate the capabilities and collect data. The next sections document what was found in
the study. The findings are organized in parallel with the guidelines developed in Chapter V—-
first assessing constraints, according to the guidelines, and then assessing the EMCS as a
resource. After presenting these findings, the mext section discusses the significance of the
findings, and evaluates the usefulness of the EMCS for monitoring in this application.

1. Description of Controlled Study Site

Lawrence Berkeley Laboratory

The site chosen was Lawrence Berkeley Laboratory (LBL). LBL is a National Laboratory,
operated by the University of California (UC) for the Department of Energy (DOE). There are
over 100 buildings at LBL, primarily laboratories and office buildings, and including auditori-
ums, cafeterias, and several large experimental facilities such as particle accelerators. LBL lies
on a hill adjacent to the UC campus in Berkeley, and has a very mild climate.

The buildings at LBL are maintained by the Facilities Department. Within this department are
the Chief Inspector, Facilities Planner, the Maintenance & Operations Division, and the
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Architecture & Engineering Division. Within the Architecture & Engineering Division, are
several groups, including Architecture, Mechanical Engineering, Electrical Engineering, and In-
House Energy Management (IHEM). Several individuals within the Facilities Department—
including the EMCS operator, the shared savings project manager, IHEM engineers, and
electricians—were very helpful in carrying out, investigating, and documenting both the EMCS
and the dedicated monitoring.

Case Study: Building 62—Inorganic Materials Laboratory

The case-study building was built in 1965 with approximately 56,000 gross square feet, and
houses 110 employees. The building has two sections: the first is three stories composed of 56
offices, 56 laboratories, an auditorium, a mechanics shop, and a small library. The second section
is a high-bay space with a ten ton crane. The building has the headquarters of LBL’s Materials
and Chemical Sciences Division and houses several chemistry, chemical engineering, nuclear
engineering, ceramics, solid-state physics, and metallurgy research groups. -

The building consumes about 3 million kWh per year in electricity, (50 kWh/square-foot per
year), and about 100,000 therms per year (2 therms/square-foot per year), for a total of about 700
kBtu/square foot per year (all in resource units, which reflect the relative inefficiency of electri-
city as a fuel). Annual energy costs are about $190,000 for electricity and $40,000 for gas—for a
total of $230,000 or about four dollars per square-foot per year. According to an instrumented
survey performed in 1986, 39% of the consumption is due to HVAC, 14% to lighting, and 47% to
all other end uses (LBL 1989).

The building has a chiller with chilled water (CHW) pumps, cooling tower with fan and pump,
two boilers with pumps, supply fan, return fan, exhaust fans, a pump for low-conductivity water
(LCW—for laboratory experiments), lighting, 120-volt circuits (including task lighting), and an
emergency panel. The high-bay section of the building has two heating and ventilating (HV)
units. The building has a constant-volume air distribution system, with zone reheat. The power
supplied to the building also serves two other buildings. (Note that the total energy consumption
reported above does not include this exported energy).

Shared-Savings Conservation Project

Building 62 is the subject of a pilot study of shared savings sponsored by DOE. With shared sav-
ings, a contractor finances and installs energy-conservation measures, and the resulting savings in
energy bills are shared between the contractor and the building owner. The 1992 Energy Policy
Act recommends the use of this kind of performance contract. DOE’s Federal Energy Manage-
ment Program, which has responsibility for coordinating conservation programs in federal build-
ings, sought to encourage this performance approach as well. Although straightforward in con-
cept, the actual details of the contracting and the process of verifying savings can be complex,
and a pilot study, carried out by a technically very competent agency, was thought to be helpful
in determining ways to simplify the process (Rhea 1993). This pilot study focussed primarily on
the procurement process, and did not evaluate monitoring or savings estimation methods.

An instrumented building audit was performed in 1986. In 1988, a more detailed end-use moni-
toring study was undertaken to identify baseline consumption pattemns and to identify potential
conservation measures. A Request-For-Proposals was issued in June of 1989, a contractor was
selected in December of 1989 to install and maintain conservation measures, and the contract was
eventually issued in July of 1991. The procurement process was somewhat difficult and lengthy,
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and resulted in many recommendations on how this process could be improved for use in other
federal facilities (Rhea 1993). The work of installing the conservation measures began in June,
1993, and was completed in January, 1994.

Retrofits: The energy-conservation measures (ECMs) include several lighting measures, installa-
tion of a Variable-Frequency-Drive (VFD) on the air handling unit (AHU) (to replace the
inefficient inlet-vane control needed to reduce flow from an oversized fan, not to carry out
variable-volume temperature control), temperature control repairs on the boiler, high-efficiency
motors on the LCW pumps, a tune-up of the boiler, and an EMCS. The total installation cost was
estimated at about $274,500 and the projected annual savings are about $28,500 from electricity
and $16,000 from gas, for at total of about $44,500. This corresponds to a simpte payback time
of about six years. The projected annual energy savings are 430,000 kWh, and 41,000 therms.
The contractor paid for the construction costs, and will be repaid by LBL from the savings.

Savings calculations: Since a fraction of the savings realized from the retrofits must be paid to
the contractor, it is quite important to clearly specify the method for determining savings. The
formulas for estimating savings were agreed upon and stipulated in the contract. These formulas
are summarized in Table VI-1. All savings estimates are based solely on energy savings,
although the laboratory is billed for demand as well as energy consumption. The most difficult
part of any savings calculation is determining the baseline: how much energy the building and
end uses would have used if the retrofits had not been performed. The following sections discuss
the baseline calculations for each end use.

e  LCW pump and AHU: Since this equipment operates 24 hours a day, 365 days a year, and
its load is constant, simple one-time measurements of power taken before and after the
retrofit are used to determine savings.

e  Lighting: Since there are no expected changes in lighting operation patterns, lighting sav-
ings is estimated from pre- and post-retrofit one-time kW readings. The ratio of the post- to
the pre- readings was used to scale down the pre-retrofit annual lighting consumption, taken
from the end-use monitoring. Another way of thinking of this is that the ratio of the annual
pre-retrofit lighting consumption and the pre-retrofit one-time kW reading is the equivalent
full-load hours for lighting. This is used with the post-retrofit kW reading to estimate post-
retrofit annual consumption.

e  CHW pumps and HV units: These units previously operated 24 hours a day, but in the
EMCS retrofit, they are turned off at night and when they are not needed. Thus, the savings
estimates consist of one-time kW measurement before the retrofit, and monitoring of the
amount of time the units are turned off after the retrofit. This off-time monitoring is carried
out by the EMCS. This assumes that the units operated for 8760 hours per year before the
retrofit, and that after the retrofit the KW remained the same.

e  Chiller: The 1988 end-use monitoring was used to establish the chiller baseline. Daily data
were originally considered as the basis for baseline and savings estimates, but they were
considered to be too burdensome, and monthly data were decided upon as the basis for sav-
ings calculations. The end-use monitoring determined that the end uses fell into three
categories: constant, independent, and weather-dependent. All the baseloads were constant
with the exception of miscellaneous end uses (independent) and the chiller (weather-
dependent). It was also determined that the chiller load was correlated with the independent
miscellaneous load, in addition to being correlated with weather. The weather data used for
this correlation were cooling degree days (CDD) and heating degree days (HDD) published
by NOAA for San Francisco Airport. By assuming a value for the constant loads (averages
based upon the monitored data), monitoring the independent loads, and using the
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Table VI-1. Methodology for Monthly Energy Savings Calculations for Shared
Savings in Controlled Case Study.

Savings from a retrofit is the difference between monthly "pre-" and "post-retrofit" consumption:

End Use Relevant ECM Pre-Retrofit Post-Retrofit
8760hrs 8760hrs
AHU VSD _ kW,
kWpx 12mo ax 12mo
LCW Pump | Efficient Motors kWpx 8760hrs kWaxm
12mo 12mo
Lighti Lighting Mod KWhiyry KWhiyry kW,
ightin . -0
ghing 1ghing ) 12mofyr 12mo/yr kW,
8760hrs-offhrs, "
CHW Pumps | EMCS KW, 2760hrs KW a)
12mo 1Zmo
8760hrs—offhrs,”
HV-2 EMCS KW S200hrs KWy a)
12mo 12mo
*
8760hrs (8760hrs—offhrs, )
HV-3 k kWpx
EMCS Wpx 12mo b 12mo
Chiller EMCS b+{mn;xHDD)+(m,xCDD) kWh/mo,*
+Hm3x<INLOAD"
EMCS
Gas Control Repair || b+{m;xHDD}m,xCDD) therms/mo,
Boiler Tune-up

b,ml,mz_mM3 are regression coefficients from historical monthly energy consumption;
INLOAD is the miscellaneous energy consumption;

kW, is a one-time measurement of power before the retrofit;
kW, is a one-time measurement of power after the retrofit;
kWh/yry, is a measurement of annual end-use energy before the retrofit;
kWh/mao, is a measurement of monthly end-use energy after the retrofit;

offhrs, is a measurement of logged off hours, after the retrofit; and

therms/mo, is a measurement of monthly gas energy consumption after the retrofit.

* indicates that the source of the data is the EMCS.
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independent load and weather to correlate the chiller load, the auditors were able to estimate
historical monthly chiller energy consumption to within 2-3% (LBL 1989).

The method for estimating chiller savings, then, is to monitor the independent miscellane-
ous end use, and use this with CDD and HDD data from NOAA to calculate the baseline
chiller consumption (i.e., how much the chiller would have consumed—given the internal
loads and weather—had the retrofit not taken place). The actual post-retrofit consumption is
monitored, and the difference between the two is the savings. Monitoring of the post-
retrofit chiller consumption and the miscellaneous end use consumption are carried out by
the EMCS.

Energy Management and Control System

After lighting modifications, the measure with the greatest anticipated savings is installation of an
EMCS. Estimated savings are $9,500 in electricity and $3,500 in gas, for a total savings of about
$13,000. The installation cost is $72,000, for a simple payback time of five and a half years. Sav-
ings are to be achieved from hot- and cold-water outdoor-air temperature reset; control of the
VED on the AHU to maintain static pressure; night setback; economizer; optimal stop and start
on HV units, chiller, and boiler; nighttime shutoff of chilled-water pumps; temperature control of
the cooling-tower fan; and nighttime lockout of the domestic and industrial hot-water valves.

The EMCS is a Barrington Systems Star VIEW 4000 (Barrington 1989). This system is currently
used in many of LBL’s buildings, and a site-wide building automation expansion project is
underway. The EMCS was installed in Building 62 in 1993. The overall architecture of the
EMCS s illustrated in Figure VI-1, and discussed in more detail in Table VI-2. Each of the
buildings connected to the EMCS has at least one “LanSTAR" (primary controller) and several
"MicroSTARs" (Local Input/Output Boxes). The LanSTARs are connected together within one
of several local area networks (LANs). Building 62 has two LanSTARs and six MicroSTARs.
The primary host computer is located in Building 76 (where the Refrigeration Division is
located), and an additional host computer is located in Building 90 (where THEM is located). The
input and output points used in the system are shown in Figure VI-2, which is direct EMCS out-
put. Once the input points are measured, they are stored momentarily at the MicroSTAR. The
LanSTAR collects data from the MicroSTARs whenever requested by the host computer. The
primary host computer constantly scans the LanSTARs and obtains the most recent data possible.

The EMCS "host" runs on a PC-compatible computer. Ordinarily, the host doesn’t have to be
running, but to collect data it is usually kept on 24 hours a day. The host software is called "Star-
VIEW," and it runs under the DESQview multi-tasking operating system (Quarterdeck). Remote
connections are accomplished using the pcANYWHERE remote control program (Symantec
1991). The host scans the controller network to populate a database of current data on all points
in the system. This scan can take several minutes to complete, so the most recent value of a data
point may be up to several minutes out of date. All points within the system are recorded in the -
database, and are summarized in several ways in a history facility. Once an hour, the one-minute
database values are analyzed, and the maximum, minimum, and average are calculated. These
hourly data for the previous day and the current day (so far) can then be viewed graphically, or
manually exported to a spreadsheet-ready disk file (ASCII, comma delimited, with headers).
These data are available as monthly and daily summaries as well.

There is also a mechanism to store these hourly data automatically for later analysis. A file is
created on the host’s hard disk, which includes the name of up to 40 points to be archived. An
EMCS program then creates a file of "yesterday’s" data for all of these points, with a name of the
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Figure VI-1. Architecture of Barrington 4000 EMCS in Case Study. The Barrington 4000 is a
distributed control system, spread across several buildings at LBL. The building being studied—
Building 62—has several MicroSTARs and two LanSTARs. The LanSTARS are networked to a
LanSTAR in Building 76, which is in turn connected to a terminal in Building 90, where data were

uvltimately retrieved.
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Table VI-2. Description of Barrington Systems Starview 4000 EMCS in Controlled
Case Study. '

MicroSTAR:

] Analog inputs: 4 analog inputs per MicroSTAR,; 12 bit A/D. Input impedance is: 250 kilo-ohms for
0-10VDC voltage input; 100 k-ohm for 0-4VDC voltage input; and 180 ohms for current input.

. Digital inputs: 4 digital or pulse counting inputs per MicroSTAR; 16 bit pulse counter; up to 20
pulses/second; one pulse equals 2 counts.

. MicroSTAR scans each input about once a second.

LAN:

Communications to MicroSTAR:

. Up to 2 trunks: 16 MicroSTARs/trunk, for a total of 32 MicroSTARs/LanSTAR.

. Trunk is two twisted pairs: one for power and one for communications, up to 4000 feet.

. LanSTAR polls the MicroSTARS when data are needed: for control; when data requested by
Host—sends data only if value has changed; about once a minute for LanSTAR trend points (up to
64 points/LanSTAR; 15-minute averages; stored for up to 7 days in main processor RAM.)

Main Processor:

™ Zilog Z280 Microprocessor unit, 16 bit, 10MHz.

. Up to ! M-byte RAM, with 2 year lithium battery backup.

. High speed serial interface to Communication Processor

Communication Processor:

. Zilog Z280 Microprocessor unit, 16 bit, I0MHz, dedicated to LAN operations.
Communications Ports:

. Four serial ports used for: connection to host computer; local terminal; printer; modem for outside
access. Also a leased-line modem port.

LAN Connections:
) Each LanSTAR has 2 LAN connection blocks; LanSTARs are daisy-chained together to form net-
work.,

] LAN communication is 52kBaud; 4-wire telephone cable; up to 2000 feet.

Host:

. Personal Computer-386, with 200 MB hard disk; connected to a LanSTAR by R8232 cable to the
first COM port, operating at 9600 baud.

. StarVIEW operates under DESQview (a quasi-multitasking operating system). The program allows
the operator to view data from any of the LanSTARs on the LAN.

. "Scanner" software always runs, and constantly polls all LanSTARS on the LAN. Often takes up to
8 minutes to make a complete cycle.

. Database samples current values of all points once a minute (data may be up to 8 minutes old, how-
ever).

e . History facility calculates averages, totals, minimum, maximum, etc. for all points from data in
database. At any time history can be queried to determine up to the last 2 days of hourly data.

. HD.EXE program can store the hourly averages for the previous day to a spreadsheet—readable disk
file on the host computer.

. The supervisory control program is scheduled to run the HD.EXE twice a day.

. A host can retrieve disk files from another host, elsewhere on the same LAN, by using a remote con-
trol program to transfer the disk file.
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I

AL Doint= on Site @ LBL - IUEM 01-11-1994 16:30:%5
Name Description Currently Units Status

62 G6ALl KW 62 FEEDER 66AL KWH 0.0 Counts 0old Data
62 GGAI KWH 62 FEEDER 66A3 KWH 0.0 Counts 0ld Data
62 ARU2Z KWif 62 CHILLER-2 KILOWATT HOURS 0.0 KWH 014 bata
62 ARUZ LOAD 62 CHILLER-2 LOAD SIGHAL 0.0 LOAD 0ld Data
62 ARU2 S/S 62 CHILLER-2 START/STOP sTop conmand 0Old Pata
62 BLDG OCC 62 BUILDING OCCUPANCY FLAG VACANT Command ©Old Data
62 BR1 HWR THP 62 BR1 HOT WATER RETURN TEMP 0.0 Deg F 0ld Data
62 BR1 HWS TMP 62 BR1 HOT WATER SUPPLY TEHMP ¢.0 Deg F 0ld Data
62 BR1 S§/S 62 BOILER BR-1 START/STOP STOP Command  0ld Data
62 BRL TIMER 62 BOXLER-1 LOW TEMP TIMER 0.0 MINUTES Old Data
62 BR1,2 REQ 62 BOILER-1,2 REQUEST FLAG NO REQ Command 0ld Data
62 BR2 HWR THP 62 BR2Z HOT WATER RETURN TEHP 6.0 Deq F ©01ld Data
62 BR2 HWS THMP 62 BRZ HOT WATER SUPPLY TEMP 0.0 Deg F old pata
62 BR2 5/5 62 BOILER BR-2 START/STOP STOP command ©Old batae
62 CHW OPT S/5 62 CHW OPTIMAL START/STOP STOP Compand  Gld Data
62 CHR GPT TMR 62 CHILL WATER OPTIMAL TIMER 0.0 HINUTES 0ld Data
[Detail —] ]‘Events ] IHistorTI lBroken I i&epaired} ISwitch ”Vary l lllext?a.ge_’

PTSUM... Rel 11.14.89 Copyright (C)1990 Barrington Systems, All Rights Reserved

All Points on Site : LBL - IHEM 01-11-1994 16:31:01
Hame Description Currently Units Status

62 CHW OPTHKIN 62 CHILLER OPTIMAL MIN FROM ZAT. 0.0 Deg F ~ ©Old Data
62 CHW REQ 62 CHILLER RBQUEST KO REQ® <Command 0ld Data
62 CHWR TEMP 62 CHILL WATER RETURN TEMP 0.¢ Deg F 0ld Data
62 CHWS TEMP 62 CHILYL, WATER SUPPLY TEMP 0.0 Deg F 0ld Data
62 CT1 CWR 62 CONDENSER WATER RETURN TEMP, 0.0 beg F 0ld Data
62 CT1 CHS 62 CONDENSER HWATER SOPPLY TEMP 0.0 Deg F 0ld Data
62 CT1 CWS SP 62 CT1 CONDENSER WATER SETPOINT 0.0beg F 0ld Data
62 CT1 S/8 62 COOLING TOWER 1 START/STOP STOP -+ <Command 014 Data
62 DOM HW SP 62 DOMESTIC HOT WATER SETPOINT 0.0 Deg F 0ld Data
62 BOM HW TEMP 62 DOMESTIC HOT WATER TEMP 0.0 Deg F 0ld Data
62 DOM Hwv 62 DOMESTIC HOT WATER VALVE 0.0 ¢ OPEN 01d Data
62 GP1 FAIL 62 GP-1 FATL FLAG - CLEAR Comnand 01d Data
62 GP1 MINUTES 62 GP-1 MINUTES OF RUNTIHE . 0.0 HINUTES 0ld Data
62 GPl RUNTIME 62 GP-2 HOURS OF RUNTIME Q.0 HOURS 01d Data
62 GPl 5/5 . 62 GP-1 START/STOP (CHWP) STOP . Conmand 0ld Data
62 GP1 S%PS 62 GP-1 STATUS (CHWP) OFF status Old Data
{Detail ||events |[mistory | [Broken | |repaired|[svitch |lvary | [nextpage]

PTSUM... Rel 11.14.39 Copyrioht (C)1990 Barrington Systems, All Rights Reserved

Figure VI-2. Point List from EMCS used in Case Study. Many operational points are standard
equipment in an EMCS, This type of list identifies which points are connected in this EMCS. The
list is created by hitting "Printscreen” when a listing of current point values is displayed.
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A1 Poants on Site 1 il - IHEM W1-11-14994 1630
Name Description Currently Units Status
62 GP1 TIMER 62 GP1 FAX{. TIMER 0.0 MINUTES 0ld Data
62 Gr1,2 L/L 62 GP1,2 LEAD/LAG FLAG GPl Command Qld Ppata
G2 GP2 FAIL 62 GP=2 FAIL FLAG CLEMR Conmmand 0ld Data
62 GP2 MINUTES 62 GP-2 MINUTES OF RUNTIME ’ 0.0 MINUTES 0lé Data
62 GP2 RUNTIME 62 GP-2 HOURS OF RUNTYME ¢.0 HOURS 0ld pata
62 GP2 S5/5 €2 GP=-2 STAQT/STOP (CHWP) STGP Command: Qld Data
62 GP2 STS 62 GP-2 STATUS (CHWP) OFF Status 01d Data
62 GP2 TIMER 62 GP2 FAIL TIMER ¢.0 KINUTES 0ld Data
€2 HIBAY OVR 62 HIGHBAY AFTER HOURS OVERRIDE NORMAL Status 0ld pata
62 HV2 S/8 62 HV~-2 STARY/STOP STOP Ccommand 01d Dpata
62 HV2 STS 62 HV-2 STATUS OFF Status Old Data
€2 HY2,3 QCC 62 HV-2,3 OCCUPANCY FLAG VACANT Command 0ild Data
62 HV3 S/S 62 HV-3 START/STOP STOP Command 0Cld Data
62 HV2 STS 62 HV-3 STATUS OFF Status 0ld Data
62 HW OPT S/S 62 HW OPTIMRY, START/STOP S5TOP Cormand 0ld Data
62 HW OPT TMR 62 HOT WATER OPTIMAL TIHMER 0.0 HINUTES ©0ld Data
IDetail _} IEvents I ]History J ‘Broken l 'Repaired—’ [Suitch ] Vary ] INextPaQEI

PTSUM... Rel 11.14.89 Copyright (C)19%0 Barrington Systems, All Rights Reserved

All Points on Site : LBL - IHEH 01-11-~1994 16:32:32
Name bescription Currently Units Status

62 HW OPTHIN 62 BOILER OFPTIMAL MIN FORM ZAT ¢.0 Deg F 014 Data
62 IND HW SP 62 INDUSTRIAL HOT WATER SETPOINT 0.0 Deg F 014 Data
62 IND HW TEMP €2 INDUSRTIAL ROT WATER TEMP 4.0 Deg F 014 Data
62 IND HWV 62 INDUSTRIAL BOT WATER VALVE 0.0 ¥ OPEXN - 0ld Data
62 MASTER OVR 62 MASTER OVERRIDE HORMAL  Status Old Data
62 MAXRANGE 62 AHU S5-) MAX RANGE FOR SASP . 0.0 Deg F 0ld Data
62 MAXZAT 62 HAX TEMP OF COOLED ZOMNES 0.0 Deg F 0ld Data
62 MINZAT €62 MIN TEMP OF RON-COCLED ZONES 0.0 Deg F 0ld Data
62 OSA 62 OUTSIDE AIR TEMPERATURE 0.0 Deg F 0ld Data
62 S1 ECN DMPR 62 AHU S—~1 ECONOMIZER DAMPER . 100.0 % RETURN 014 Data
62 S1 ECN OFF 62 AHU $-1 PCONOMIZER CLOSE DOWN OUTSIDE Command Old Data
62 S1 HWV 62 AHU 5-1 HOT WATER VALVE 0.0 ¥ OPEN- 014 Data
62 $S1 HWV SAFE 62 AHU S-1 HWV FAIL SAFE GFF Conmand Qld pata
62 S1 KWH €2 AHU S-1 FILOWATT HOURS 0.0 KWH Old Data
62 S1 MAT 62 MHD S-1 HIXED ATR TEMP 15.0 Deg F Qld Data
62 S1 MAT SP 62 AHU 5-1 MIXED ATR SETPOINT 15.0 Deg F 014 Data
lDet‘.ai]. _l l;enm ] IHLstory" la;:oken ”Repairei} rSvitch ”Vary “Nextl’aqel

PTSUM... Rel 11.14.89 Copyright (C)1990 Barrington Systens, All Rights Reserved

Figure VI-2 (cont.). Point List from EMCS used in Case Study. Many operational points are
standard equipment in an EMCS. This type of list identifies which points are connected in this
EMCS. The list is created by hitting “Printscreen” when a listing of current point values is

displayed.
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‘All tointsz on Site @ LBL - tdln 0L-11-1994  1.,:34:07
Name Dascription Currently Units Statuy
nZ2 S1 RAT 62 AU 5-1 RETURN AIR TEMHD 0.0 Deg F <ld Data
<2 51 RF S/S 62 AHU S-1 RETURN FAN START/STOP STOP Command alc Data
1 * St RF STS 62 AHU S~1 RETURN FAN STATUS OFF Status 0ld Data
62 S) SAT 62 AHU S-1 SUPPLY AIR TEMD 15.0 Deg F 0ld Data
62 51 SAT SP 62 AHU S-1 SUPPLY AIR SETPOINT 15.0 Deg F 0ld Data
62 S1 SAT SP* 62 AHU 51 SAT SP (REAL 15) 0.0 Deg F 0ld Data
62 51 SF STS 62 AHU S-1 SUPPLY FAN STATUS QFF Status 0ld Data
62 S1 STP 62 AHU S-1 SUPPLY STATIC PRESS =1.3 " W.C 0l¢d Data
62 S1 STP Sp 62 AHU S=1 STATIC PRESS SETPOINT ~1.3 ®* ®H.C. ¢la Data
62 S1 VFD FLT 62 AHU S-1 VFD FAULT CLEAR Status 0lc Data
62 S1 VFD S/8 €2 AHU S-1 SUPPLY FAN VFD S/S STOP Comnmand ©Ol< Data
62 S1 VFD SPD €2 AHU S-1 VFD SPEED SIGNAL 0.0 T F.S5. Ol<¢ Data
62 ZONE 1 ZAT 62 r20NE 1 RM 139 ZONE TEMP 0.0 Deg F 0l¢ Data
€2 ZONE 2 ZAT 62 ZONE 2 HIGH BAT ZONE TEMP *NC 0.0 Deg F Qlc Data
62 ZONE 2 ZSP 62 ZONE 2 HIGH BAY SETPOINT 0.0 Deg F 01¢ Data
62 ZONE 3 ZAT- 62 ZONE 3 RM 139 ZONE TEMP *HC 0.0 Deqgq F 0l¢ Data

[Detail I IENents ] lﬂ_istory ] lBrokén } IRepairedJ lSuitch I |Vary

l [Nextpag:l

PTSUM... Rel 11.314.89 Copyright (C)1990 Barrington Systems, All Rights Reserved

All Points on Site : LBL ~ IHEM

01l-11-1994 16:34:09

Name Description Currently Units Status

62 ZONE 4 ZAT 62 ZONE 4 RH 221 ZONE TEMP 0.0 Deg F 0l¢ Data
62 ZONE 5 ZAT 62 ZONE 5 RH 235 ZONE TEMP *HC 0.0 Deg F 0ld Data
62 ZONE 6 ZAT 62 ZONE 6 RM 313 ZONE TEMP *NC é.0 Deg F 01¢ Data
62 ZONE 7 ZAT 62 ZONE 7 RM 3155 ZONE TEMP “®NC 0.0 Deg F 0ld bata
62 ZOME € ZAT €2 ZONE 8 RM 118 ZONE TEMP 0.0 Deg F 0lé Data
62 ZOHME 9 ZAT 62 ZONE 9 R¥ 246 ZONE TEMP *RC 0.0 beg F 0}é Data
TEST 1 0.0 Deg F 0l¢ bata
TEST 2 15.0 Deg F Olé Data
{petail “Ewem ”lusto'ry | {Broken “;epaired“mitch Hvary ”Nex't!?age_l

PTSUM... Rel 11.14.89 Copyright (C)E990 Barrington Systems, All Rights Reserved

Figure VI-2 (cont.). Point List from EMCS used in Case Study. Many operational points are
standard equipment in an EMCS. This type of list identifies which points are connected in this
EMCS. The list is created by hitting "Printscreen” when a listing of current point values is

displayed.
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format MM-DD-YY.hd. This program can be run at any time, or it can be initiated by the
EMCS’s Supervisory Controls program to be run automatically at a certain time every day.

There are a few additional methods of collecting data with this system, which were not pursued in
this study, but which may have promise for other applications. One alternative location for stor-
ing data is on the controller. Up to 64 points can be monitored there, with 15-minute resolution,
for up to I week before data are overwritten. The data can be retrieved by connecting directly
into the controller, through one of the serial ports. Proprietary software must be used for this con-
nection: the Viewport facility in the StarVIEW program. Another facility is called "trend,” which
allows the operator to view the one-minute database values. This can be done only for predefined
points, although it is not possible to retrieve and store the data remotely. In another method, the
operator can define custom report formats. Averages can be calculated from database data to be
inserted into the report format, and then these are stored in non-ASCII files, to be printed. These
are generated as needed by the EMCS. This facility has the advantage that one could define a
suitable strearnlined format with no extraneous information. However, since they are not stored
in an ASCI file format, they can only be used with a generic terminal screen-dump method,
which is not ideal.

IHEM Parallel Monitoring

The contractor is responsible for monitoring the building, calculating the savings of the retrofits
and issuing invoices for its share of the savings. Since this is a pilot study, however, IHEM is
also monitoring the building to verify the savings estimates received from the contractor. THEM
was able to make use of equipment left behind by the previous monitoring project, particularly
the current transducers (CTs).

The equipment used for this monitoring is three Synergistic Control Systems, Inc. C180 Survey
Meter/Recorders (Synergistic Control Systems, Inc. 1989). This datalogger model is capable of
monitoring up to 16 electrical channels, (current, voltage, power, and power factor), up to 15 ana-
log inputs, and up to 16 pulse-counter inputs. It has 26 kBytes of onboard memory, and a lithium
battery backup. It has a built-in modem, and the Synernet software can be run on a PC to down-
load the data from the logger. This software can either manually interrogate the logger, or can be
set up to download data automatically—periodically, or when the memory fills up. It has several
different data formats from which to choose. The C180 datalogger is included in the review of
specific dataloggers in Chapter II. The loggers are daisy-chained together so that one access can
retrieve data from all three loggers, and the architecture of the system is shown in Figure VI-3.
The points being monitored by the dedicated datalogger are shown in Figure VI-4. Hourly data
for these points are available since August 1993.

Sources of Information

After this site was identified as a potential case-study site, several meetings, site visits, and other
activities were carried out to assess EMCS capabilities. The collection of information followed

the methods described in Chapter V.
. Collect and review EMCS documents:

—  Reviewed the building documentation, including the building audit, EMCS documen-
tation, monitoring documentation, a report on the shared-savings contract, and the
contractor information packages.

o Meet with EMCS operator and building management:
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B0 B e
Ci80 Cc180 c180
Scan once Scan once Scan once
per second per second per second
26 kB RAM 26 kB RAM 26 kB RAM
battery backup battery backup battery backup
MODEM
Analog Inputs: Power inputs: Putse Counter Inputs:
15 per logger 16 per logger 16 per logger
+- 0.25% of FS Acc. +- 0.5% of FS Acc.
BUlding 90 e,
File Transfer .
Periodically 1200 Baud
........ leased line

serial connection

Figure VI-3. Architecture of Synergistics C180 Dedicated Monitoring System in Case Study.
The C180 is a specialized building démand monitoring tool. It has several analog and digital inputs,
in addition to 16 CT inputs and 8 voltage inputs. The case study building had three loggers
installed, connected by leased line to a PC.
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Figure VI-4. Point List from Dedicated Monitoring used in Case Study. The dedicated monitor-
ing in the case study monitored the energy consumption of 16 end uses within the building. For
most end uses, three phases were monitored. For the return and exhaust fans, and the pumps, how-
ever, only one phase was measured to conserve CTs.
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—  Worked with the EMCS operator and refrigeration engineers to identify methods of
downloading data remotely.

—  Requested that the EMCS operator obtain a point list, and more detailed information
on EMCS monitoring.

—  Selected points to be monitored for case study, and gave the list to the EMCS opera-
tor.

~— Talked with the EMCS operator to discuss specific technical characteristics of the
EMCS. :

—  Met with the EMCS operators at another installation with the same EMCS model to
discuss how monitoring could be accomplished at that site.

— Reviewed diagrams of EMCS and dedicated datalogger architecture with the EMCS
operator and ITHEM.

—  Met with the EMCS operator to determine how the kWh data were calculated, and to
troubleshoot problems with the data.

o Meet with EMCS vendor or contractor:

—  Met with the controls company president and engineers, along with the EMCS opera-
tor to discuss potential methods of downloading.

—  Talked with the controls company engineers to discuss problems with current trans-
ducers.

e Tour site and obtain demonstration of EMCS monitoring:

—  Visited the building along with engineers from IHEM to review the dedicated moni-
toring and EMCS points.

—-  Participated in a demonstration of monitoring using the EMCS.

. Confirm EMCS monitoring capabilities:

—  Accompanied shared-savings project manager and the EMCS operator when the
EMCS was commissioned.

— Requested that IHEM install short-term monitoring-—funded by the shared-savings.
management contract—to confirm the values of certain points; and oversaw installa-
tion of the monitoring.

—  During installation of verification monitoring, inspected the CTs from both the EMCS
and the dedicated monitoring.

— Installed temperature sensors in three of the zones that were monitored by the EMCS
to collect short-term data to verify the EMCS temperature data.

Since this was a research project, there were more meetings than would typically be expected in a
monitoring project, and more documentation was collected.

For this case study, data were collected from both the EMCS and dedicated monitoring. Once a
month, the ITHEM computer in Building 90 was used to retrieve data from the dedicated monitor-
ing. These data were in a spreadsheet format, and it was necessary to translate this into an ASCII
format for analysis for this study. Also once a month, the EMCS computer in Building 90 was
used to retrieve data from the EMCS. Data from both the dedicated monitoring and the EMCS
were uploaded to a UNIX platform, and analyzed using tools such as AWK pattern-matching pro-
grams, UNIX shell scripts for data processing, and Xvgr for graphing (Tumer 1993). This
analysis and the methods of retrieving the data are presented, discussed in more detail, and
evaluated in the following sections.
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2. Findings: Applying Guidelines to Assess Constraints

The guidelines developed in Chapter V provide a structure for evaluating the capabilities of the
EMCS for monitoring and for comparing it with the dedicated monitoring. Below, for each of
the guidelines, there is a section discussing constraints for this monitoring project.

Data Points: Are the physical attributes necessary for analysis measured?

According to the shared-savings contract, the EMCS data needed to estimate the savings from the
retrofits are energy consumption of the chiller and the 120-volt circuit ("miscellaneous” end
uses), and runtimes of the pumps and two heating-ventilating units. These are fed into the
agreed-upon formulas, shown in Table VI-1, to calculate monthly energy savings. For more
detailed savings assessment, however, whole-building electricity consumption is also needed. In
order to leamn more about the operation of the building or the performance of the retrofits, one
would want also to know the consumption of other end uses, such as the air-handling units, light-
ing, pumps and heating-ventilating units, and other data such as outdoor air temperature and other
weather information, zone temperatures, equipment operating parameters (such as supply and
return temperatures and flowrates), and setpoints.

Data Accuracy: Is the equipment sufficiently accurate to provide data needed to perform
analysis?

The data accuracy needs for calculating savings in the shared savings program are not specified in
the contract. The regression factors used in savings calculations are shown with eight significant
figures in the contract, but there is no mention of required accuracy. In the calculation for
estimating savings from the chiller, the audit stated that the baseline energy consumption could
be estimated to within two to three percent (LBL 1989). If the post-retrofit energy consumption
were measured to an accuracy of three percent, then the resulting savings calculation would have
an accuracy of approximately five percent.

Sensor Calibration: Are sensors in proper calibration?

The types of sensors typically most in need of calibration and recalibration are flow, temperature,
dewpoint, and static pressure. For calculation of savings, the only important values are kWh and
runtime (status). The accuracy and reliability of these points are more related to the choice of
sensors and transducers than calibration and maintenance.

Data Recording: Do software and hardware permit recording of historical data?

Clearly, there is a need for the EMCS to be able to collect data in some way. The way in which it
is done, and the location where the data are stored will relate to other guidelines, such as the need
for adequate storage space, and a method of accessing the data remotely. Since the contractor is
operating the EMCS, and the EMCS operators are aware of the monitoring efforts, it would prob-
ably not be a problem to share the data storage area.

Data Averaging: Are historical data recorded at intervals appropriate for analysis?

Data used for verification of the energy savings are all required on only a monthly basis. To
better understand the building operation, however, daily or hourly data would be preferable. The
five required variables—two kWh variables, and three runtime variables—must all be reported as
monthly or hourly averaged or totalized values.
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Data Storage: Does the system have an available data storage capacity sufficient for monitoring
applications?

The data storage requirements for the shared savings verification are minimal. Since, at a
minimum, only monthly data are absolutely required, and only five points are needed, very little
space would be taken up by these data: less than thirty bytes. If storage space allows, hourly data
and less-essential operational data should also be collected. Data should reside on the hard disk
until they are deleted by the monitoring personnel. Since they could conceivably be deleted as
soon as they were downloaded, the amount of storage space required depends entirely on how
often they will be downloaded. Invoices are prepared once a month, suggesting monthly down-
loading.

Data Format: Are data available in an easily processed format?

For the monthly data, data format is not crucial: information can be obtained from data files
manually. When hourly data are collected, format becomes more important. Significant process-
ing resources (computers, expertise) are probably not available, so format should be straightfor-
ward. Standardization of data format is also a benefit if many other buildings are being moni-
tored. The coding of missing values would be important.

Data Time Stamping: Does the system system record the time a piece of data was collected? For
data with regular intervals, does it record data at specified times, not at specified intervals, so
that it will begin collecting data at the correct time if the system is restarted?

Monthly data are needed, and ideally they would correspond to calendar months since the savings
calculations include a calculation involving degree-day data, which are available for calendar
months. Any hourly data that are collected will have to be collected at specified times, so that
they can be compared with one another.

Remote Connection: Can users connect to the EMCS remotely, using generic communications
software?

The contractor is an outside entity in a contractual agreement with LBL to provide energy ser-
vices. Since the contractor is essentially acting in the role of EMCS operator for this building,
any way that they interfere with operation may affect themselves, but to the extent that it affects
the conditions in the building, or operation of other buildings at LBL, interference is not accept-
able. It will be unacceptable for them to interfere with building operation, or to require much
assistance from the LBL staff,

Since the contractor is located in Houston, it is very important to be able to access the EMCS
remotely. The potential for building operation to interfere with data collection is important for
the contractor, since so much money is riding on a small amount of information. Proprietary
software could be used, but the contractor has a large number of shared-savings contracts, so it
would be preferable to use more generic software.

Remote Data Transfer: Is there a mechanism either to display a trend report on the screen of a
remote compuler that is running generic communications software, or to transmit an ASCII file
Jrom the host computer disk directly to the disk of the remote computer?

Since the monitoring done by the contractor requires obtaining only five values per month, it can
be done without any actual electronic transfer of data. When the data are brought on the screen,
remotely, they can be written down manually. For more extensive data collection, of course,
remote transfer is as important as remote connection. Either screen-display or file-transfer
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methods would be sufficient.

Simple Process: Can users request historical data with a simple command?

Since the contractor has a large number of shared savings contracts, they will need simple and
quick methods of retrieving data. The contractor probably will not need to automate the data col-
lection process, so the process should be as user-friendly as possible. This is particularly true
since they will be monitoring several other buildings.

Rapid Process: Is the time required to transmit the data short?

Since monthly data are so small, the speed of the transmission is not essential. For the hourly
data, however, the contractor will need fairly quick methods of retrieving data. Since the contrac-
tor is in Houston, the cost of the telephone call could impose an additional need for a speedy
transmission. '

Transmission Error Detection: Are data transmission errors automatically detected and
corrected?

As with any monitoring project, transmission errors must be avoided. Since so much money is
riding on only five numbers monitored by the EMCS, ensuring that there are no errors in those
five numbers is quite important. Since there are only five of them, however, it is a simple matter
to check and recheck that the correct number was received. For hourly data, fewer redundant data
can be collected, so some means of error checking should ideally be built into the transfer
mechanism.

3. Findings: Applying Guidelines to Assess Resources

Now that constraints are clearly defined, the EMCS is investigated in detail as a potential
resource to use in the monitoring effort. The capabilities of the conventional monitoring are
presented as one altemative to the EMCS. Any other alternative methods—either alternative
methods implemented in the EMCS or ways to achieve project objectives with the resources
available—are also discussed. In some cases, the data retrieved from the dedicated monitoring
are used to evaluate the data from the EMCS.

Figures VI-5 through VI-9 show the data collected by the EMCS, and Figures VI-10 and VI-11
show the data collected by the dedicated datalogger. This format is useful for reviewing the
overall trend of the data, although for more detailed review or analysis of the data, more readable
graphic formats must be used. In each graph, the point names describe what point is being moni-
tored, and the points correspond to the lists shown in Figures VI-2 and VI-4.

Data Points: Are the physical attributes necessary for analysis measured?

Obtaining a list of all points on the system required the assistance of the EMCS operator. Itwasa
simple matter for the operator to bring up a list of points on the EMCS host screen, and then print
the screen to the printer. The resulting point list is shown in Figure VI-2. The EMCS points
" include the five points required contractually for the evaluation of energy savings, as well as
energy consumption for several end uses, and other operational data, Note that the 88 EMCS
points in this building include all types of points: inputs, outputs, setpoints, and virtual (calcu-
lated) points. One important point that it does not include is a whole-building electric meter. It
does include potentially useful points such as timers for optimal stop/start operation, economizer
percent (damper position), and a flag to indicate whether the building is in Occupied or
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Unoccupied mode. After obtaining the list of point names, it required the assistance of the
EMCS operator to decipher what each point means. Table VI-3 indicates what each points
represents, along with its engineering units.

Table VI-4 indicates the 40 points monitored in this study. This is a sampling of the different
types of points available, focussing on the information that was needed to monitor the operation
of the air-handling unit and the chiller. It also includes all the watt-hour transducers, and zone
temperatures for a representative cooled, uncooled, and high-bay zone. No information on heat-
ing or hot water use was monitored. Use of the guidelines leads to the conclusion that EMCS
will be able to provide the needed information.

In addition to the data needed for savings calculations, the EMCS provided a great deal of other
operational data. Some of this other information could be used as a substitute for—or supple-
ment to—energy consumption data, in a number of different ways. Figures IV-12 through IV-29
illustrate how occupancy data, operational data, and proxies might substitute for monitored
energy data. This analysis represents an extension of EMCS monitoring capabilities, and illus-
trates the fact that EMCS data may provide a rich source of information on building operation
that will support new methods of analysis.

Figure VI-30 shows the kWh points monitored by the dedicated monitoring and by the EMCS.
Clearly, the dedicated equipment monitors more end uses than the EMCS. Table VI-5, however,
is a comparison of the same dedicated-monitoring points with some of the other data monitored
by the EMCS. For each piece of equipment that is submetered by the dedicated monitoring, there
is at least some operational data that could be monitored by the EMCS.

Data Accuracy: Is the equipment sufficiently accurate 1o provide data needed to perform
analysis?

The temperature measurements are made by a Barrington series of temperature transmitters,
based on the LM34C Integrated Circuit temperature sensor. According to the EMCS literature,
these have a range of 0-230°F, and a typical accuracy of 0.4°F. According to the technical
specifications for the integrated circuit, it has a typical accuracy of 0.4°F at 77°F, 0.6°F at 0°F,
and 0.8°F at 230°F (National Semiconductor 1990). Its design limit, however, is 2.0°F at 0°F,
and its tested limit is 1.0°F at 77°F. The static pressure sensor is a Modus T30 series, with an
accuracy of *1% of full range (0 - 2.5") including non linearity. Both temperature and static
pressure sensor accuracies meet the ASHRAE Standard 114 suggestions for accuracy for energy
calculation (see, again, Table II-3). Status is indicated by a Neilson-Kuljian D150 Current
Switch.

The accuracy of the analog-to-digital conversion, and any intermediate transducers must also be
taken into account. The Local I/O Box has a 12-bit A/D conversion for analog inputs, which
translates to a resolution of one value in 4096, or about £0.02% precision at full scale. Combined
with the sensor accuracy, this should still meet accuracy requirements,

The Local I/O Box also has a 16-bit counter for pulse-count inputs. Power is measured by a Kele
WHP-234 watt hour transducer. For the kWh meters, one pulse represents 0.33 kWh for the
chiller, 0.16 kWh for the miscellaneous circuit, and 0.08 kWh for the lighting circuit. Given the
range of demand by these end uses, these correspond to roughly 3%, 1%, and 2% of the minimum
values, respectively. This should meet the needs identified in the previous section.
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Table VI-4. EMCS Points Monitored in Controlled Case Study.

Point Name Description

66A1 KWH FEEDER 66A1 KILOWATT HOURS
66A3 KWH FEEDER 66A3 KILOWATT HOURS
ARU2 KWH CHILLER-2 KILOWATT HOURS
ARU2 LOAD CHILLER-2 LOAD SIGNAL

BLDG OCC BUILDING OCCUPANCY FLAG
CHW OPT S/S CHW OPTIMAL START/STOP |

CHW OPT TMR  CHILL WATER OPTIMAL TIMER
CHW OPTMIN CHILLER OPTIMAL MIN FROM ZAT
CHWR TEMP CHILL WATER RETURN TEMP
CHWS TEMP CHILL WATER SUPPLY TEMP

CT1 CWR CONDENSER WATER RETURN TEMP
CT1 CWS CONDENSER WATER SUPPLY TEMP
CT1 CWS SP CT1 CONDENSER WATER SETPOINT
GP1 MINUTES GP-1 MINUTES OF RUNTIME

GP1 RUNTIME  GP-2 HOURS OF RUNTIME

GP1S/S GP-1 START/STOP (CHWP)

GP2 MINUTES GP-2 MINUTES OF RUNTIME
GP2RUNTIME  GP-2 HOURS OF RUNTIME

GP2S/S GP-2 START/STOP (CHWP)

HIBAY OVR HIGHBAY AFTER HOURS OVERRIDE
OAT OUTSIDE AIR TEMPERATURE

BL1 ECON AHU S-1 ECONOMIZER DAMPER
BL1 KWH AHU S-1 KILOWATT HOURS

‘BL1 MAT AHU S-1 MIXED AIR TEMP :

BL1 MAT SP AHU S-1 MIXED AIR SETPOINT

BL1 RAT AHU S-1 RETURN AIR TEMP
BL2S/S AHU S-1 RETURN FAN START/STOP
BL2 STATUS AHU S-1 RETURN FAN STATUS

BL1 SAT AHU §-1 SUPPLY AIR TEMP

BL1 SAT SP AHU §-1 SAT CALC SETPOINT

BL1 STATUS AHU S-1 SUPPLY FAN STATUS

BL1 STP AHU S-1 SUPPLY STATIC PRESS
BL1 STP SP AHU S-1 STATIC PRESS SETPOINT
BL1 S/S AHU S-1 SUPPLY FAN VED S/S

BL1 SPEED AHU S-1 VFD SPEED SIGNAL

ZONE 1 ZAT ZONE 1 RM 139 ZONE TEMP

ZONE 2 ZAT ZONE 2 HIGH BAY ZONE TEMP *NC
ZONE 2 ZSP ZONE 2 HIBAY ZONE SETPOINT
ZONE 3 ZAT ZONE 3 RM 139 ZONE TEMFP *NC
ZONE 4 ZAT ZONE 4 RM 221 ZONE TEMP

127



128

“smoy Funeisde Junmp ATuo 9sn pus ue Jo vondwns

-U02 28e1eA JY; SuuoUOW 9q PnoM d[qerres pardnaoQ sIy) Jo osn oy jo sjdwrexa suQ "sioy ,pardnaoQ,, 30§ (SONH 9 4q parnsesww) aimperod
-3} JOOPINO JO UORdUNJ € st (JULIoYUOW Pajedlpsp 9t Aq painsea) uondwnsuod duip[Ing-s[oym a3 smoys 2anJy srgy, Iou sf I usym pue Juperado
st Juowidinba a1 USYM JO JOJEDIPUT JUSIUSAUOD B SE 9AISS [[I4 Inq ‘Aouednoso JO JoleDIpuUY Ue AJnD JOU SI N ‘SMUJ, 'Noom 1By JOJ A[snonunuos Uel
wawdinba 3urj00o oY) pue “Yaam MU UE 10§ SUO O} 195 sem Fey sty ‘pousd suo Juum@ 330 pue uo win o) [eudis e se ey snp sow) Juswdiabs sy
"SARDIOY UO 0I3Z 0} 19$ 9q 0} WSS J0U S0P Inq ‘PUIYM 9Ys SULIND 0IFZ 03 Jos S1J[ "039Z 0} 395 ST JI SINOY JOUI0 J8 pue ‘Quo 03 195 st Jey snp ‘(wdyg
03 urez) sinoy Bugerado Suung Suipping oy Jo opow Kouwednoso oy ayesipur o3 jurod € seq SOWH YL "eyeq LHuedndoQ SHWNT “TI-IA S

eimeladwa | sy JoopINQ-SOWI

om. L . —O»w. Joad .O—N ...... o _w PR .ﬁu_m A a1 .O_.v i omo

- 001

ooz ©

X <o
ﬂ
<
.
]

3 %

#room pS

- 00Y




129

“431y °3mb [[ns ST UORAWINSUOD SY) YSNOUI[E—IaNEDS Ssof Yonu sf 91oyy ‘Sduexs J0j—smoy pardnodoun

o3 Supnp uondwnsuod Jo wsyed UL £1ea € sT ooy Aprea[D rsinoy ,patdnosoury, 103 (SOWH 94 £4q painseaus) sangelsdwial Jo0pING JO UONOUNY
® se (SULIOUOW PatRdipap o Aq pamnsesw) uondunsuos Jurpimqg-s[oym S $moys 2103y SKLY, (Ju0d) vjeq Louedndo SOWT "€I-IA 2nSy

06

aimeladwa] Iy JO0PING-SOINT

%8 oL % B %,
m
- 001
ooz Q
L ow
. P
i =
g B -
3 =
” <
-00E 2
xxxxxx m .
- 00%




130

AHU §-1.

This unit 1 10 operate continuously. The variable frequency drive wilt modulate the fan
speed to maintain a constant duct supply static pressure of 80" W.C.

The Heating control valve shall be modulated to maintain a supply air temperature set-
point that will be reset based on the coldest space temperature of a non-cooled area. The
coldest space temperature minimum shall be 70 deg. F. Nitesetback shall be brought on
if the lowest zone (intecior) temp is less than 68 deg.

The retrm dampers shall be controlled to provide an economizer cycle. The return
dampers shall be fully open and the exhaust dampers fully closed whenever the heating
valve is open. When no heating is required, the dampers shall modulate to maistain a
mixed air temperature setpoint. The mixed air setpoint shall track the supply air setpoint
The economizer cycle shall be in effect until the outside air temperature is greater than
feturn air temperature. When this occurs, the return dampers shall be fully open and the
exhaust dampers fully closed. '

HV-23

HV-2 and HV-3 serve the high bay area. These units shall be staried and stopped based
on an optimal Start/Stop routine that will bring zone temperature to 70 deg F on week-
days and 60F during unoccupied hours. The zone thermostat will have an occuppicd
override switch to control HY units during unoccupied hours. Run times for HV-2 and
HV-3 will be kept. The occupancy schedule for HV-2,3 will be Monday thru Friday, 8am
- S5pm.

CHILLED WATER SYSTEM

The chilled water system shall be operational during the hours of 7am to 8pm. Chiller
shall have Auvto/Manual switch to allow focal operator to Start/Stop. When in manual,
control will fall back to original chiller controls.

Chiller start will be based on an optimal start routine that monitors the temperature of
cooled spaces and energizes the cooling equipment such that the warmmest cooled zone-
1,4.8,% is below 76 deg F by 7am. The chilled water system shall be deenergized when
the economizer scction can provide enough cooling to maintain wanmest cooled space

Figure VI-14. Sequence of Operations for EMCS in Case Study Building. The expectations
from the Sequence of Operations, the text that describes how the EMCS was to be programmed.
The intended operation of the EMCS was well specified, and the operational data collected by the
EMCS can confirm this sequence.
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below 76 deg F.

One chilled water purap shall be energized whenever cooling is required. The lead
chilled water pump shall alternate daily. Proof of new lead chilled water pump must be
established before shutting off lag chilled water pump. If lead chilled water pump fails,
the second pump will be energized and the alternating routine disabled untit the failure is
comected. Chiller will be encrgized once operation of chilled water purnp is confirmed.

Chilled water setpoint from Energy Management Systera. Setpoint will be reset to main-
tain the warmest cooled zone below 76 deg F. When on manual control, setpoint will be
fixed at chiller, Low limit chilled water setpoint shail be 45 deg. F.

Chiller KWH will be collected. Also runtimes for chilled water and condenser water
pumps will be kept.

CONDENSER SYSTEM

The tower fan shall be started and stopped to maintain a condenser water supply setpoint
of 75 deg.

HOT WATER SYSTEM

The hot water system shall be operational during occupied hours, and whenever Fan S-1
and hot water valve is open. During unoccupicd hours, the sysier shall be operational
only when the coldest heated zone falls below 68 deg F.

The system shall be started based on an optiraal start routine. Boiler 1 shall be energized
and via its intemal controls will maintain hot water supply setpoint (set at boiler). If
boiler 1 is wnable to maintain setpoint of 175 deg F., as sensed by hot water supply tem-
perature, boiler 2 will be energized.

The domestic hot water (DHW) and industrial hot water (IHW) are heated from the pri-
mary hot water loop. The hot water setpoint shall be reset to maintain the coldest
ancooled zone above 70 deg F. If the temperanire of the DHW drops below the DHW
setpoint of 120 deg F. o the [HW drops below the BIW sctpoint of 150 deg F., the set-
point resct program shall be overridden ard the boilers controlled to maintain 10 degree
increase in hot water supply temperature until both the DHW and IHW setpoints have
been met. The control vaives to the DHW and THW heating loops shall be closed during
unoccupied hours. Valves will modulate to maintain DHW and THW during occupied
haurs. .

Figure VI-14 (cont.) Sequence of Operations for EMCS in Case Study Building. The expecta-

tions from the Sequence of Operations, the text that describes how the EMCS was to be pro-
grammed. The intended operation of the EMCS was well specified, and the operational data col-

lected by the EMCS can confirm this sequence.
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Table VI-5. Points Available on EMCS and Dedicated Monitoring in Case Study.

Equipment

Dedicated

EMCS

Mains & Misc

Whole Building kWh
High-Bay kWh

Feeder 66A1 (misc) kWh
Export kWh

DI: Feeder 66A1 (misc) kWh

Lighting

Main Building Lighting KWh
High-Bay Lighting kWh
Emergency Lighting kWh

DI: Feeder 66A3 kWh

Chiler

Compressor kWh

Chilled Water Pumps kWh

Cooling Tower Fan & Pumps kWh

DI: Compressor kWh

DO: Chiller Start/Stop

AQ: Chiller Load Signal

Al Chilled Water Supply Temperature
Al Chilled Water Return Temperature

DO: Chilled Water Pump 1 Start/Stop
DI: Chilled Water Pump 1 Status
DO: Chiiled Water Pump 2 Start/Stop
DI: Chilled Water Pump 2 Status

DO: Cooling Tower Fan Start/Stop

Al Cooling Tower Water Supply Temperature
Al: Cooling Tower Water Return Temperature

Fans

Supply Fan kWh

Return Fan kWh

Exhaust Fan kWh

DI: Supply FankWh

DO: Supply Fan Start/Stop

DI: Supply Fan Status

AQ: Supply Fan VFD Speed Signal
DI: Supply Fan VFD Fault

Al Supply Air Temperature

DO: Return Fan Start/Stop

DI: Retumn Fan Status

Al Retum Air Temperature

AT: Outside Air Temperaturte

AT Mixed Air Temperature

AO: OA/RA Damper Control Signal
Al: Static Pressure

Heating/Ventilating Units

HV Unit 2 (Fans) kWh

HV Unit 3 (Fans) kWh

DO: HV Unit 2 Start/Stop
DI: HV Unit 2 Status

DO: HV Unit 3 Start/Step
DIL: HV Unit 3 Status

Boilers

Boiler Purnp kWh

DQ: Boiler 1 Start/Stop

DQ: Boiler 2 Start/Stop

Al Hot Water Supply Temperature
Al Hot Water Return Temperature
AQ: Hot Water Valve Control Signal
DO: Hot Water Valve Failsafe

Domestic Hot Water

AQ: DHW Valve Control Signat
Al: DHW Supply Temperature

Industrial Hot Water

AOQ: IHW Valve Control Signal
Al IHW Supply Temperature

Zone Temperatures

Al Zones 1-9 Tempertures

DI: Main-Building Afterhours Override

DI: High-Bay Afterhours Override
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Since sensor specifications are not always the best way of reassuring oneself about sensor accu-
racy, the operations staff can point out which points they count on for accurate control, and which
points they check. According to the EMCS operator, the points that are checked frequently are
chilled water supply temperature, duct static pressures, pump status, and boiler water supply and
return temperatures. These points may be more reliable than others. They do not regularly check
any of the runtime or kWh data, so if there were problems with these points, they might not know
about them.

One means of assessing accuracy of data is to look closely at the data, and give it a reality check.
As an example of this, there was a problem with the EMCS CTs. For the miscellaneous end-use
channel, the CTs that were initially installed had too low a capacity for the power actually drawn.
This caused the watt transducer to malfunction, and erroneous data were collected. After review-
ing the data, this problem was pointed out to the EMCS operators, and the CTs were eventually
changed and the transducer replaced in mid-June, 1994.

In another example of giving the data a reality check, the CTs on the VFD were also problematic.
IHEM looked closely at the savings from the VFD retrofit, as measured by the EMCS. They real-
ized that the power readings of the VFD were smaller than what they expected. Since the data
looked too low to them, they investigated further and discovered that the CT had been installed
on the wrong side of the VFD. Most watt-hour transducers assume that the power they are
measuring is a smooth 60Hz sine wave. Since the output of VFDs is not at 60Hz and not a
smooth sine wave, they should not be measured on the output side, but on the input side. After
moving the CT to the other side, the consumption was still surprisingly low, but it was deter-
mined with detailed one-time measurements that the data were correct, and that the savings from
the retrofit were actually greater than originally anticipated, because of greater-than-anticipated
reduction in airflow resistance.

Although the EMCS eventually provided data that appeared reasonable for all kWh channels, this
took quite a bit of effort, and about six months of time to achieve. At first, incorrect power vaiue
information was used, resulting in incorrect sizing of the CTs and watt-hour transducers, and their
immediate failure. After some time, the comect size equipment was installed. However, this
equipment never worked correctly either, and a new model of watt-hour transducer was ordered.
After installation of this new equipment, three of the channels appeared to be providing reason-
able data, but the chiller channel was still not producing reasonable data. After inspecting the
CTs on the chiller, it became apparent that one of the CTs had been installed with incorrect polar-
ity. This was fixed, and ultimately all four channels provided reasonable-looking data.

To check the accuracy of the EMCS kWh data, they were compared to the dedicated monitoring
data. To compare the EMCS data with the dedicated monitoring authoritatively, a third set of
monitoring equipment was installed for a short period on the two kWh channels that are needed
for the contractual savings calculations. Two meters were used: a Dranetz 808 Electric
Power/Demand Analyzer and an Esterline Angus A.C. Motor/Load Surveyor. The Dranetz meter
collected data at a 15-minute interval and has an accuracy of +0.8% of reading, or +0.2% of full
scale (Dranetz 1992). There were problems with the paper tape used to collect data on the
Dranetz Analyzer, so the data were somewhat sporadic. However, they were sufficient to deter-
mine whether or not the meters were reading accurate data.

Figures VI-31 and VI-32 show a short period of data for the two kWh channels used in the sav-
ings calculations, along with the corresponding data from the dedicated monitoring and the
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verification monitoring. For the chiller, the data from the EMCS, the dedicated monitoring, and
the verification monitoring were all fairly close. On an hourly basis, there was a ten percent
difference between any two of the three. On a daily basis, however, the difference between the
EMCS and the verification, and that between the dedicated monitoring were both about two per-
cent.

For the miscellaneous end use, clearly the trends in the data were the same as those found in the
dedicated monitoring data (see Figure VI-32). However, the magnitude of the data was about
three times higher than the dedicated monitoring. When the verification monitoring was installed
on the pa.nel2 it was discovered that the EMCS CTs were in place and were the correct size, but
that two of the three dedicated-monitoring CTs had been removed. The third was still installed
on one of the phases. Reviewing the data shows that the miscellaneous channel in the dedicated
monitoring data dropped to a third of its usual value on exactly the same day that the miscellane-
ous channel in the EMCS monitoring began registering good values. This drop in the dedicated
logger miscellaneous data had not been a cause for concern earlier, since it occurred around the
time of the EMCS retrofit, and it was erroneously assumed to be a large (66%) energy savings in
the miscellancous end uses. It was likely that the dedicated monitoring equipment was removed
to make room for the EMCS equipment. The short-term monitoring confirms that the EMCS was
reading roughly the correct value—less than a ten percent difference on an hourly basis. If loads
were balanced, it would be possible to multiply the data from one phase by a factor of three to
estimate the full three-phase load. Figure VI-32 also shows the single-phase data multiplied by a
factor of three, and the resulting power reading is quite a bit higher than the verification monitor-
ing. Therefore, the phases are not balanced, and it would not be sufficient to monitor only one

phase.

Verification monitoring was also performed for some of the zone temperatures. HOBO XT tem-
perature microloggers (Onset, no date) with external thermistors were placed close to the EMCS
temperature sensors in the four zones that are being monitored for this study. Each of these
microloggers is capable of monitoring temperature in one location for 1800 readings: every 12
minutes for 15 days. The accuracy of the sensors is reported as 0.2°C, or +0.36°F, (about the
same accuracy as the EMCS). Thus, they are not accurate enough to truly evaluate the accuracy
of the EMCS sensors, but they are considered reliable, and can confirm that the EMCS value is
near the expected value. In each of the three offices, permission of the occupants had to be
obtained to place the sensors. Figures VI-33 and VI-34 show the data for one uncooled space,
and one cooled space. The temperatures matched quite well for the uncooled space—within a
few percent—but the temperatures for the cooled space show significant deviations both in mag-
nitude (the micrologger measured approximately two degrees less than the EMCS) and in respon-
siveness, Some of the difference may be because 12-minute data are being compared with hourly
data, or there may be problems with the location of the sensor. Since the microdatalogger has
about the same stated accuracy as the EMCS, one can not necessarily conclude that the EMCS

sensors are faulty or miscalibrated.

Accuracy and reliability are also important issues for the dedicated monitoring, as shown in the
problem with the miscellaneous channel of the dedicated monitoring. Another problem that was
encountered with the dedicated monitoring was that it was discovered after several months of
monitoring that while some points were monitored with one CT on each of the three phases,

2 . 3 . - ) . .
Author’s note: This instaltation involved placement of the CTs onto the busbars, deep inside a 480V panel,
for which I am deeply indebted to the professional electricians.
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others were intentionally monitored on only one phase to conserve CTs and channels. This was
done by an IHEM engineer after short-term monitoring confirmed that the loads were balanced.
However, this piece of information was not passed onto other IHEM engineers. The chilled
water, cooling tower, and hot water pumps, shown in Figure VI-11, must be scaled upwards by a
factor of three to obtain the appropriate value.

Another minor problem with the dedicated monitoring was that the chiller channel registered a
very small negative power reading when the chiller was turned off. This may be a calibration
problem. Since the logger is capable of accurately reporting negative power readings (ie.,
current moving the wrong direction through the CT), these were reported as negative numbers,
and when monthly totals were calculated, they resulted in totals that were too low. While this is
not usually a significant problem, it was significant during months when little cooling was being
done. Some loggers report negative power readings as positive, others report them as zero.

In conclusion, assessment according to the guidelines predicted that the sensors installed in the
EMCS should be able to provide data that are accurate enough for the shared savings evaluation,
as specified in the constraints assessment. Dedicated monitoring and a third set of monitoring
confirm that the data are accurate enough. There were problems with both EMCS and dedicated
monitoring.

Sensor Calibration: Are sensors in proper calibration?

According to the shared savings project manager, when the EMCS was installed, there were no
explicit calibration procedures. Most of the sensors requiring calibration are calibrated at the fac-
tory. Where calibration factors are input, then, they are obtained from sensor documentation.
Correct functioning of the sensors is the responsibility of the contractor, and there was a require-
ment in the contract for the contractor to verify operation of the EMCS equipment. This
verification took place on January 11, 1994, when the sequence of operations was tested. This
verification did not include verification of accuracy or correct calibration of the sensors, however.
The verification of the data carried out for this dissertation, described above, follows the guide-
Jines for field calibration, and confirms sensor calibration for the data used in the savings calcula-
tions.

Although temperature sensors were not calibrated, in other buildings where the facilities depart-
ment is responsible for EMCS operation, there is more verification of sensor calibration. In one
such study, in LBL’s Building 2, space temperature sensors were checked against hand-held ther-
mometers. This study was undertaken because a new EMCS was being installed, and sensors
from the old EMCS were used. This study found that 50 out of the 300 temperature sensors that
were tested were more than 5°F off. These were recalibrated to match the data from the hand-
held sensors by adjusting only the offset, and not the span. The sensors used in the new EMCS
are integrated circuit type, based on the National Semiconductor LM34 chip, and should typically
require no calibration.

Data Recording: Do software and hardware permit recording of historical data?
The EMCS has four methods of recording historical data: host history files, trending, controller
monitoring, and custom report formats. The first method was used in this study. The EMCS

operator was asked to set up hourly monitoring. The operator was originally under the impres-
sion that only 16 points could be monitored, but determined from the manufacturer that it was
possible to monitor up to 40 points. The operator was given a list of the 40 points o be
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monitored, and used a PC editor to create the point definition file. The operator set up a super-
visory routine to initiate this hourly data collection program four times a day, at 6am, noon, 6pm,
and midnight. This ensures that data will not be overwritten and lost, and that if any data are lost
in the transmission, only six hours will be lost. According to the Guidelines, the EMCS is capa-
ble of recording data.

For the most part, data collection proceeded very smoothly. One problem occurred when the sys-
tem was rebooted, and for some reason hourly data collection was not reenabled. This was
discovered after one day, and one day of data was lost. Data space was shared with the building
operators, but no problems were encountered.

As a comparison with the EMCS, the architecture of the dedicated monitoring equipment is
shown in Figure VI-3. This has the advantage of relative simplicity. There are fewer elements in
the system to break down. With the EMCS, if the network connection breaks down anywhere
between the controller that is collecting the data and the host computer, the data will not be able
to be collected. If the connection between the dedicated datalogger and the polling computer
breaks down, of course, data cannot be collected. However, this collection only takes place once
a month, while it takes place roughly once a minute for the EMCS.

Data Averaging: Are historical data recorded at intervals appropriate for analysis?

As discussed in the previous section, data are collected at one minute intervals, and can be col-
lapsed to hourly, daily, monthly, and yearly averages. Along with averages, minima, maxima,
runtimes, and totals can also be collected. The EMCS operator was consulted to determine how
averaging took place. With some systems, one can tell the difference between snapshots and
average values by looking at the engineering units: kW vs. kWh, for example. With this system,
however, the hourly average report simply lists the point name, which includes the point's
engineering units, and does not refer to the averaging process. Assessment according to the
guidelines indicates that data would be available at intervals appropriate for analysis.

Figures VI-35 and VI-36 show cumulative data for the miscellaneous and chiller end uses. For
the kWh and runtime data, the points are cumulative, meaning that a counter is being constantly
incremented. When the counter reaches a limit, it is reset to zero. Note that for the miscellane-
ous end use, the reset limit is 1000 kWh, and it is reset more than once a day. Another point—
megawatt hours—was created to be incremented every time the kWh point is reset, so that the
total amount of energy can be monitored. It is difficult to analyze the data from the hour that the
counter is reset, and these points must be considered missing data. Therefore, several data points
are lost every day due to this resetting.

For the chiller, the point is not reset. However, the precision of the data was originally not
sufficient. Every time 30 pulses were accumulated, the software kWh variable was incremented
by ten kWh. Thus the energy consumption could not be known more with more resolution than
110 kWh. If the pulses themselves were monitored, rather than this software point, then the pre-
cision would be three times as great. It was not possible to monitor pulse couriter input points
directly, however, and the EMCS operator had to create virtual points, which take their values
from the pulse counters, and can be monitored. Both the direct kXWh data and the data calculated
from the pulse counter data are shown in Figure VI-37. Although the data are reading the same
trend, they look quite different. Both methods would provide the same monthly summaries, but
hourly data would differ. Since the hourly data are known to only +1 kWh, the overall hourly
data resolution is only 10%, at an expected minimum value of about 10 kW (10 + 1 kWh/hour).
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Figure VI-38 shows the runtime data from one of the chilled water pumps. Runtime data are
cumulative as well. A "minute” point is incremented for every minute that the equipment
operates, and when the point passes sixty minutes, it is reset to zero and an "hour" point is incre-
mented by one. Thus, the runtime should be known to + 1 minute. This is one part in 60 for
hourly data, for an overall resolution of about 2%. When this minute point is averaged over an
hour, and then one subtracts each hour from the next, however, the data are incredibly difficult to
interpret. For this reason, the minute points were ignored, and only the hour points were used in
any analysis. Again, there is sufficient resolution for monthly data, but not for hourly data.

Data Storage: Does the system have an available data storage capacity sufficient for monitoring
applications?

There is an absolute limit of 40 points for monitoring with the history method. Hourly data for
one month for these 40 points should take about 200 kilobytes (40x24x30x6, assuming 6 bytes per
value). Since the data are in a very compact format, little space should be taken up by the data
files.

Each file, with one day’s worth of hourly data for 40 points, occupies about 8§ or 9 kilobytes, so
that each month of data occupy about 250 kilobytes. The stored data are contained on a 200
megabyte hard disk, so storage space is not a constraint with this method of data collection.
Since disk space was not a limitation, data were downloaded approximately once a month. If
data were retrieved from the controller rather than the host computer, data can be stored for 64
points for one week. With Trend monitoring, data can be viewed for 4 points for two days,
although they cannot be stored.

Data Format: Are data available in an easily processed format?

The EMCS data format is reasonably concise (see Figure VI-39). Since the data are intended to
be read with a spreadsheet, their format is very predictable: ASCII data, each row represents an
hour and each column represents a different point, all numbers are comma separated, there is one
file per day, all text is in quotes, and missing data are indicated with the word "None." A header
describes each point in a somewhat verbose format, but this is not a problem. According to the
guidelines and the identified constraints, the EMCS data format should be acceptable.

The data format for the data collected by the dedicated monitoring is shown in Figure VI-40.
There are several different formats that can be used, including ASCII data, binary spreadsheet
files, or binary files designed to be read by the datalogger software. The data can be stored either
with or without header information. Data were obtained directly from IHEM after they were
already downloaded from the logger. IHEM had stored the data in a spreadsheet format, and pro-
cessing in the UNIX environment required the data to be in an ASCH format, so the spreadsheet
program was used to manually export the data to an ASCII file. The data were then transferred
from the PC to the UNIX environment. Downloading the data directly from the logger (i.e., not
relying upon IHEM to collect the data) would allow storing them directly as an ASCII file. At
different times, different methods were used for this transfer, and this resulted in some files hav-
ing extra carriage-returns at the end of each line, requiring an additional processing step for some
files. Also, the dedicated monitoring data format did not always have a consistent number of
fields at the beginning of the records. Since the processing program looks for data in the sixth
field, for example, having a different number of fields in some cases greatly complicates process-
ing. These kinds of difficulties can be dealt with, but they make processing more complex, time-
consuming, and costly.
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.8.78.8,62.1,70.0,75.3, 72.1
03-04 an",827.0,220.0,740.0,0.0,0.0,0.0,0.0
33.0,575.0,0.0,0.0,50.6,100.5,14.0,52.0,75.4
.8,79.0,61.7,70.0,75.2, 72.0
"04-05 an*,874.0,230.0,740.6,0.0,0.0,0.0,0.0,
33.0,575.0.0.0,0.0,50.6,100.5,14.0,52.0,75.6,
.8,79.1,61.4,70.0,75.1, 72.0

. “05—06 am®,920.0,241.0,740.0,0.0,0.0,0.0,
33.0,575.0.0.0,0.0,50.6,100.5,14.0,51.8,
.8,79.2,61.2,70.0,75.0, 71.9

0.0,
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"StarVIEW/4000 SpreadSheet -Summary Data for Yesterday"

"Created on 07-06-1994 at: BLUE SYSTEM LanSTARs we LBL = C & H -

“COL B contains data for 62 66Al KWH - 62 FEEDER 66A)1 KILOWATT HOURS "

“CCL ¢ contains data for 62 66A2 KWH ~ 62 PEEDER 66A3 KILOWATT HOURS -

“COL D contains data for 62 ARU2 KWH = 62 CEBILLER-2 KILOWATT HOURS b

"COL E contains data for 62 ARUZ LOAD - 62 CHILLER-2 LOAD SIGNAL -

“COL F contains data for 62 BLDG OCC ~ 62 BUILDING OCCUPANCY FLAG "

"COL ¢ contains data for 6} CAW OPT %/$ -~ 62 CHW OPTIMAL START/STOP "

"COL H contains data for 62 CHW OPT TMR - 62 CEILL WATER OPTIMAL TIMER "

"COL I contains data for €2 CHW OPTMIN - 62 CBILLER OPTIMAL MIN FROM ZAT *

“COL J contains data for 62 CHWR TEMP - 62 CHILL WATER RETURN TEMP -

"COL K contains data for 62 CHWS TEMP - 62 CHILL WATER SUPPLY TEMP -

"COL L contains data for €2 CT1l CWR ~ &2 CONDENSER WATER RETURN TEMP "

"COL M contains data for 62 CT1 CWS - 62 CONDENSER WATER SUPPLY TEMF -~
- "COL M contaipns data for 62 CT1 CWS SP - 62 CT1 CONDENSER WATER SETPOINT "

"COL O contalns data for 62 GP1 MINUTES - 62 GP-1 MINUTES OF RUNTIME "

"COL P contalns data for €2 GP1 RUNTIME - 62 GP-2 HOURS OF RUNTIME "

"COL Q contains data for €2 GPl1 S5/ - 62 GP-1 START/STOP (CEWP) -

“COL R contains data for 62 GP2 MINUTES - 62 GP=-2 MINUTES OF RUNTIME “

*COL S containa data for 62 GP2 RUNTIME - 62 GP-2 BOURS OF RURTIME "

"COL T contains data for 62 GP2Z S/S - £2 GP-2 START/STOP {CHWP) "

“COL U contains data for 62 HIBAY OVR - 62 HIGHBAY APTER HOURS OVERRIDE ~

"CoL V contains data for 62 OAT — 62 OUTSIDE ATR TEMPERATURE "

“COL W contains data for 62 BL1 ECON - 62 AHU S-1 ECONOMIZER DAMPER -

"COL X contains data for 62 BL1 EWH - 62 ARU S-1 KILOWATT HOURS "

“COL Y contains data for 62 BL1 MAT - 62 ARU S-1 MIXED AIR TEMP "

“COL £ contains data for €2 BL1 MAT SP - €2 AHU S-1 MIXED AIR SETPOINT -

"COL [ contains data for £2 BL1 RAT - 62 AHU S-1 RETURN AIR TEMP -

“COL \ contains data for 62 BL2 5/S - 62 AHU S-1 RETURN FAN START/STOP"

"COL ] contains data for 62 BL2 STATUS - 62 ABU S-1 RETURN FAN STATUS "

“COL “ contains data for 62 BL1 SAT ~ 62 AHU 5«1 SUPPLY AIR TEMP -

“COL _ contains data for 62 BLLI SAT SP - 62 MU S$-1 SAT CALC SETPOINT b

"COL * contains data for 62 BL} STATUS - 62 AHU S-1 SUPPLY FAN STATUS "

"COL a contajns data for 62 BL1 STP - §2 AHU S-1 SUPPLY STATIC PRESS "

"COL b contains cdata for 62 BL1 STP SP - 62 ABU S-1 STATIC PRESS SETPOINT"

*COL ¢ contains data for 62 BLl S/S5 ~ 62 AHU S-1 SUPPLY FAN VFD 5/5 °

“COL 4 contains data for 62 BL1 SPEED =~ 62 AHU $-) VFD SPEED SIGNAL -

*“00L e containe data for §2 ZONE 1 ZAT - §2 ZONE 1 RM 139 ZONE TEMP -

"COL £ contains data for 62 ZONE 2 ZAT ~ 62 ZONE 2 HIGH BAY ZONE TEMP *KC"

"COL g contains data for 62 ZONE 2 ZSP - 62 ZONE 2 HIBAY ZOME SETFOINT "

"COL b contains data for 62 ZONE 3 ZAT - 62 ZONE 3 RM 139 ZONE TEMP  *NC"

*COL i contains data for €2 ZONE 4 ZAT -~ 62 ZONE 4 RM 221 ZONE TEMP -

"00-01 am",687.0,187.0,730.0,0.0,0.0,0.0,0.0,25.4,55.3,57.5,67.3,70.4,75.0,25.0,777.0,0.0,
33.0,575.0,0.0,0,0,51.8,100.5,14.0,52.6,74.5,73.8,60.0,60.0,70.2,74.5,60.0,0.5,0.5,60.0,43
.8,78.2,62.8,70,0,75.6, 72.2

'01-02 an",734.0, 198 6,734.0,0.0,0.0,0.0,0.0,20.1,55.3,57.5,65.9,69.9,75.0,25.0,777.0,0.0,
33.0,575.0,0.0,0.0,51.2,10¢0. 5,14 0, 52 5,74.7,73.7,60.0,60.0,70.0,74.8,60.0,0.5,0.5,60.0,43
.8.10.6 62.4,70.0, 15 5, 72.1 )

"02-03 an’,?ﬂl 0,209.0,740.0,0.0,0.0,0.0,0.0, 7.3,64.5,69,1,715.0,25,0,777.0,0.0,
33.0,575.0,0.0,0.0,51. ﬂ 100.5,14.0,52.4, 15 2, 0.0,6%9.7,15.2,60.0,0.5,0.5,60.0,42

»25.0,777.0,0.0,
-5,0.5,60.0,43

'06—67 an'.966.0,252.0,740.0,0.0,0.0,0.0,30.0,10.6.54.5,56-3,61.5,67.1,15.0,25.0,111.0,0.0

Figure V1-39. File Format for EMCS Monitoring. Data are collected in a fairly concise format,
aside from the bulky header information. The file is easy to process.
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Data Time Stamping: Does the system system record the time a piece of data was collected? For
data with regular intervals, does it record data at specified times, not at specified intervals, so
that it will begin collecting data at the correct time if the system is restarted?

The hourly data report uses timestamps with the format: "09-10 pm". This clearly indicates that
the average represents data from the top of the hour to the bottom of the hour. The system has a
battery to back up the controller, and whenever power is lost, the battery should continue to keep
the clock running, so when power is restored, monitoring should be restored correctly.

The EMCS could reliably collect hourly and monthly data that were needed. As a comparison,
the dedicated datalogger has a backup battery, and will resume monitoring correctly when power
is restored. The timestamps simply say hour "1," but since they run from 0 to 23, hour "0" must
correspond to the hour from midnight to 1 am.

Remote Connection: Can users connect to the EMCS remotely, using generic communications

software?

It is possible to connect to the EMCS remotely. The mechanism for connecting to this system,
whether using the network or using a telephone line and modem, uses a remote control program.
The EMCS operator initiates the remote control program within a window. In another window,
the EMCS program is run. Hence, one can connect to the remote control program, and transfer
the file, without ever interacting with the EMCS software. The remote monitoring computer
must use the same remote control software that the EMCS is running in order to transfer the file,
but this software is fairly common, and not specific to a single EMCS maker.

Since LBL uses a digital phone system, it is difficult to have a direct phone line to an EMCS
computer and modem. It should be possible to call into the one EMCS computer that has a stan-
dard analog phone line dedicated to it. This phone line was installed so that maintenance person-
nel could call into the system from home, when necessary. This phone line was used by the con-
tractor in Houston for monitoring. For the purposes of the dissertation’s case study, however,
access to the EMCS was accomplished quasi-remotely, through another computer on the local
area network, in another building within the same complex. In an earlier demonstration of
remote data monitoring using the EMCS at LBL Building 62, however, this system was moni-
tored rernotely from a conference center in Asilomar, CA, in August 1992.

Remote Data Transfer: Is there a mechanism either to display a trend report on the screen of a
remote computer that is running generic communications software, or to transmit an ASCII file
Jfrom the host computer disk directly to the disk of the remote computer?

Once the remote control connection is made, it should be a simple matter to transfer the data files
that have been stored on the disk. The remote computer instructs the host computer to transfer
the data files in a specified directory on its disk, to a specified directory on the remote computer’s
disk. Note that although the remote control program does allow the remote computer to "log on"
to the EMCS computer by running its software, this log on is not really necessary to collect data.
Once the connection between the remote and EMCS computers has been made, the files can be
simply transferred from one disk to another, without running EMCS software. Since the EMCS
software is password protected, this can prevent the monitoring staff from using the EMCS
software to alter building operation. This should be a good method of transferring data.

Since the contractor is located in Houston, and is essentially responsible for EMCS operation at
this site, they must access the system frequently. Communications traffic throughout the EMCS
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is an important issue. While one is connected to the system, and looking at current data on the
controllers, none of the other network communications can take place. This means that alarms
are not transmitted. Retrieving data from the hard disk of the host, however, did not create this
problem, so normal data collection was not a problem.

One problem that occurred fairly late in the monitoring was that additional buildings were added
to the system, so that the host computer memory was increasingly taxed. Simply having extra
open windows caused the memory to overflow, and additional tasks could not be performed.
When this problem was detected, and the EMCS operator looked for unnecessary processes that
could be shut down, he disabled the hourly data collection. Several days of data were lost, until
he was asked how monitoring was going. When he was told that monitoring would only last a
short period longer, he agreed to run the program manually once a day for the duration. Had the
monitoring been planned for a longer period, however, he would have reconfigured the windows
to allow monitoring to continue without causing memory problems.

Simple Process: Can users request historical data with a simple command?

The method of transferring data, described in the previous section, is very simple to perform by
hand. It consists of making about 14 menu choices. Since it is menu oriented and occasionally
requires hitting a space-bar to "wake the system up," it would be difficult to autornate. One has to
be given instructions on how to transfer the data.

Although the method for transferring files from the EMCS is fairly simple and relatively user-
friendly, a simple command line command would be much preferable. The data transfer process
using remote-control software can be autornated.

Although the process could be automated, this capability was not tested for this study. Asacom-
parison, the methods used by IHEM for retrieving data from the dedicated datalogger were dis-
cussed in the previous section. They are fairly simple, and also menu oriented, but again require
instruction. The fact that the logger would be likely to be used in several different buildings,
allows one to become proficient at the transfer process, and apply that proficiency in several
buildings, however. There is a mechanism in the datalogger software to automate the transfer
process, but it is not being used at this time.

Rapid Process: Is the time required to transmit the data short?

Partly because the data files are relatively compact, the transfer process should be fairly quick.
The baud rate of this network connection is 9600. Using the formula presented in the guidelines,
an ideal data transfer should require about two and a half minutes for this amount of data

The actual transfer required four times as much time as the ideal data transfer.” This is fairly
efficient. The data file is shown in Figure VI-39. Using an EMCS on the network, it took about
ten minutes to transfer one month of hourly data for 40 points. With the dedicated monitoring,
transferring a month of hourly data for 16 end uses typically takes up to an hour. This is partly
because the file contains a lot more information. It includes monthly cumulative energy con-
sumption, and hourly average reactive power as well as real power. The data file is shown in Fig-
ure VI-40.
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Transmission Error Detection: Are data transmission errors automatically detected and
corrected?

The remote control software carries out error checking as the files are transferred. This error
checking is optional, and can be turned off, or can be set to a higher level. According to the
remote control software documentation, setting the error checking to a higher level significantly
slows down communications (Symantec 1991).

Data collection from the dedicated datalogger has error detection, and when too many errors
occur, transfer is halted.

4. Evaluation of EMCS for Monitoring

Having identified the constraints for monitoring in this case study, and the resources available in
the EMCS, the next step is to evaluate the use of this EMCS for remote monitoring for evaluation
of energy savmgs Each of the technical issues is now discussed.

*  Data pomts Many very interesting points were monitored, including four end-use energy
channels. The end-use energy channels would provide data necessary to calculate energy
savings from the retrofit. However, there was not a whole-building electricity channel.
Assistance was required from the EMCS operator to determine what points were available.
Operational data were very useful as a substitute for—or supplement to—energy data.
Operational data were used to determine easily when the building was in occupied-mode,
and to confirm the EMCS sequence of operations. The type of analysis that was done on
the operational data could be done internally to the EMCS, by defining rules for alarms for
inappropriate operation, (for example, during minimum-outdoor-air economizer mode, an
alarm should be generated if there is a large difference between the mixed air temperature
and outdoor air temperature; if two pumnps are running simultaneously; or if the economizer
is in outdoor-air mode while heating is on). Proxies for energy consumption might also be
very useful. Proxies were calculated using both hardware points (actual measured data) and
software points (outgoing control signals, or setpoints). For example, proxies were calcu-
lated using outgoing on/off signals, measured ("proof™) status, chiller loading, and VFD
speed control (both constant and linear relationships),

®  Data accuracy: Accuracy and reliability problems were quite frequently encountered. In
one case, the CTs installed were the wrong size, or installed on the wrong side of a VFD.
Insufficient resolution (due to programming, not hardware), programming for pulse counter
incrementing, CT polarity problems, and faulty watt-hour transducers, all led to delays in
obtammg accurate data. It was difficult to determine what the problems were, and to con-
vince the building and EMCS personnel to fix the problems. On the other hand, eventually,
all the kWh points did provide acceptable data. In fact, one of the points was used to iden-
tify a problem with the dedicated monitoring data: CTs had been removed from two of the
three phases on one of the channels, and the drop in consumption was attributed to a
retrofit, rather than faulty metering. Since there were problems with both EMCS and dedi-
cated equipment, it is concluded that quality control is an essential factor both in EMCS and
dedicated monitoring equipment. In fact, the literature on dedicated monitoring is filled
with notations of problems of the type that were found in this EMCS (see, for example,
O’Neal et al. 1992).

o Sensor calibration: Sensors were not calibrated in this building. The temperature sensors
were an integrated circuit type that typically does not require calibration. Calibration was
performed with different temperature sensors in other buildings on site, and a small fraction
were found to be out of calibration.
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o  Data recording: There were several mechanisms for recording data. One was used, and it
worked quite successfully. Hourly data collection had mever been used at this site.
Monthly data were used as the basis for savings payments, but since the data were so aggre-
gated, it was impossible to review their quality. Only during review of hourly data did
problems with the data become apparent.

®  Data averaging: This EMCS collected hourly averages of a cumulative kWh point, making
interpretation of the data quite difficult. It would have been possible to create an additional
point that noted the value of the accumulator at the end of each hour (the appropriate way to
collect cumulative data), but this would have required additional operator effort, and was
not done in this study.

e  Data storage: The host computer had a large disk drive, and data storage was sufficient in
this system.

e  Data format: The data files had a bulky header, but they very clearly identified what the
data points were. The data were comma separated, making them simple to process, and
missing data were identified as "None."

e  Data time stamping: Averaging over an hour was very reliable.

e  Remote connection: This EMCS used a remote control program for remote connections.
There were no problems with remote connection. Since one does not have to log onto the
EMCS to download data, there is less of a potential to interfere with control.

e  Remote data transfer: An automatically stored data file was transferred from the host com-
puter to a remote computer. Using this method, it was not necessary to actually log onto the
EMCS software, so it would be possible to allow monitoring personnel access to data
without allowing access to the EMCS control software. One problem occurred when
memory constraints were encountered on the host computer. Data collection continued
manually for a short time, and a longer-term solution may have been found if it were
needed, requiring additional operator effort.

e  Simple process: The remote connection and data file transfer used a very clear, simple,
easy-to-use menu-oriented interface. This remote control program allows automation of the
transaction, although this was not tested in this study.

e Rapid process: The transfer was fairly rapid, owing to the fact that the data file was fairly
corncise, it was not generated as it was being transferred, and the connection had an accept-
ably high communications speed.

o  Transmission error detection: The file transfer had different levels of error detection.

Data needed for the savings calculations were successfully collected from the EMCS, and once
problems with the data were ironed out, the process was fairly simple. However, the problems
with the kWh data were very troublesome. With significant effort, it was possible to resolve all
data problems, just as it is usually possible to address hardware and software problems in dedi-
cated monitoring efforts. However, since addressing the problems necessarily involved the assis-
tance and interest of the EMCS operator, shared savings program manager, retrofit contractor,
EMCS vendor, and instrumentation subcontractors, it was quite difficult.

5. Conclusions
This chapter illustrated and demonstrated the use of the framework and guidelines presented in

Chapters Il and V. The objectives of this study were to demonstrate and evaluate the use of the
guidelines for assessing EMCS for monitoring, to evaluate the process and effectiveness of
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collecting data with an EMCS, and to demonstrate other potential benefits of EMCS monitoring
which could be further developed. The building selected for this demonstration was the subject of
a pilot study of shared savings for the Department of Energy. The building already had an EMCS
and a dedicated monitoring system installed, and thus it was a good opportunity to compare the
processes of collecting data from each, as well as the data themselves. The guidelines were fol-
lowed to collect information about the building and EMCS, and to evaluate the capabilities
according to the categories of issues embodied in the guidelines. This involved first defining the
constraints for the monitoring project, and then assessing the resource represented by the EMCS.

The guidelines were a useful way of determining whether or not the EMCS could be used for
monitoring. They made it easier to organize the collection of information, and to make comparis-
ons between what was needed and what was available. The guideline methods were effective in
evaluating EMCS monitoring capabilities in most respects. Even with the use of the guidelines,
however, accuracy and calibration were two issues that took a significant amount of effort to
assess. For these two issues, the guidelines initially suggested that EMCS monitoring should be
satisfactory. After much effort, problems with accuracy and calibration were resolved, but in
many cases this amount of effort would not be acceptable.

While there were several significant problems with this monitoring study, there were also several
interesting advantages. The process for collecting the data from the EMCS was slightly simpler
and quicker than collecting data from the dedicated monitoring. Operational data from the
EMCS provided a wealth of information on building operation that would have been difficult to
infer from end-use monitoring. Although the system eventually provided acceptable end-use
energy data, however, given the objectives of the dedicated monitoring, one could not recom-
mend the EMCS at this site as the sole monitoring tool unless the project hardware budget was

very limited.
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VII. SUMMARY AND CONCLUSIONS -

1. Summary

Monitoring for the evaluation of savings from energy conservation efforts is an important under-
taking. Since EMCSs exist in many commercial buildings, and contain much of the same instru-
mentation that is required for monitoring, it would seem intuitive to use them for monitoring.
EMCS-based monitoring is a very straightforward matter conceptually: if all the required
hardware and software are present at a site, they can be used for monitoring. This dissertation has
shown, however, that in practice it can become more complex. Although there has been consid-
erable interest in EMCS-collected data on the part of building researchers, this application has
never been methodically demonstrated, and its use bears closer investigation. ‘

The hypothesis of this dissertation was that an in-place EMCS can serve as an adequate alterna-

tive for long-term, remote, third-party monitoring for evaluation of energy savings from HVAC

retrofits in commercial buildings. The primary objective of the dissertation was to prove that

hypothesis by assessing that adequacy. In order to do so, several other intervening objectives had

to be met:

e  provide a framework for assessing the needs for monitoring tools for different monitoring
applications,

e  assess the needs for monitoring tools in the particular application of remote, third-party
monitoring for evaluation of energy savings, and

e  provide metrics and methods for assessing the use of in-place EMCSs for use in remote
third-party monitoring for evaluation of energy savings.

These objectives were achieved by:

. analyzing the technical characteristics of EMCSs;

e  analyzing the technical characteristics of currently available tools that have been used for
this monitoring application, and evaluating how they compare to the characteristics of
EMCSs;

¢  analyzing different monitoring applications to determine what constitutes an appropriate
tool for a given application;

e  analyzing, in particular, what constitutes an appropriate tool for the specific application of
remote, third-party monitoring for evaluation of energy savings;

e  carrying out several exploratory case studies of EMCS monitoring for this application to
identify the specific capabilities that are needed;

e  developing guidelines for evaluating specific installations; and

e  carrying out an in-depth case study of EMCS monitoring for this application to test these
guidelines and provide more rigorous evidence of capabilities and lackings.

The generic characteristics of EMCSs were defined in Chapter I The different types of systems
in use were described, and the specific characteristics of several commonly used systems were
described. This same sort of analysis was used to define the characteristics of currently used
monitoring tools, describe the different types of tools used, and describe the specific characteris-
tics of several commonly used tools.
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As a result of this analysis, it was found that EMCSs and dedicated monitoring have very similar
technical characteristics. Both typically contain similar sensors and transducers, wiring from sen-
sors to device, wiring between devices, signal and data processing, storage, operator interface,
and communications. The methods that can be used for EMCS-based monitoring were outlined
in Chapter II, and Table 1I-5 evaluated their relative advantages and disadvantages. For different
projects, any of the methods might be appropriate, but the introduction of systems that support
muitiple users will provide the greatest potential for monitoring. The chapter also suggested that
comparison of technical characteristics alone is insufficient to evalvate the appropriateness of the
EMCS as a tool for monitoring. Thus, assessment of more basic monitoring needs is necessary to
determine the other criteria with which to evaluate the tool.

An analysis of the needs for monitoring projects was carried out in Chapter IIl. The approach
was to categorize monitoring programs according to four sets of attributes: objectives, con-
straints, resources, and approaches. Table III-1 outlined these attributes for different types of
monitoring efforts. These four sets of attributes, taken together, can determine what tools will be
appropriate. This type of analysis enables the fair assessment of a proposed new monitoring tool,
such as the EMCS.

For remote third-party monitoring for evaluation of energy savings, the important attributes are
the lack of intimate connection to the site, the fact that the building does not benefit from the
monitoring, the need for reliability, the "hands off™ nature of the monitoring, the large scale and
long term, the strong need for standardization, and the prior specification of the way that monitor-
ing and analysis must be done. These needs and resources must be matched with the attributes of
EMCS monitoring, These attributes are too generic to be useful in specifying or evaluating
potential monitoring equipment. More specific requirements are needed. These specific require-
ments are difficult to analyze in a theoretical treatment, however, and case studies were necessary
to identify the important issues.

In eight case studies, EMCS monitoring was investigated and in most cases implemented. These
case studies found several advantages and, several significant problems associated with using
EMCSs for third-party remote monitoring of energy savings. In almost all cases, it was possible
to collect data without installing any additional hardware or software, but other procedural issues
were important. Table IV-2 summarizes the evaluation of the use of the EMCSs in these build-
ings, according to several criteria that became evident throughout the study. This table shows
that each case had at least one drawback. Some problems were more serious than others, and
some could be more easily solved than others, as is discussed in the next section. -

The evaluation criteria—identified in carrying out the eight case studies with a specific, bounded,
monitoring application—were distilled into thirteen guidelines, shown in Table V-1. The guide-
lines discussed the issues with much more specificity and included specific methods for evaluat-
ing capabilities. These guidelines served as a tool in evaluating the use of an existing EMCS in
order to use it for monitoring. They can also be used as a guide in specifying EMCSs if it is
known in advance that they will be used for monitoring, and they can be used to guide the design
of new EMCS models that will be used for monitoring.

In a detailed case study, designed to illustrate the use of the guidelines and to demonstrate their
benefit, several advantages and several quite significant problems appeared. A detailed com-
parison of the EMCS monitoring with conventional monitoring was possible in this study, and it
was found that the EMCS was capable of providing data that were quite close to the data
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collected by the dedicated monitoring tool. In fact, in some cases, the data provided by the
EMCS were more reliable than those provided by the dedicated monitoring. However, for three
out of the four electric power points, the data were meaningless until a great deal of effort was
spent on repairing them. Some of the points that would have been necessary to carry out a
whole-building energy analysis were not measured, and there were problems with monitoring
interfering with control functions (these problems were ultimately remedied). On the other hand,
much of the operational data collected by the EMCS were useful in confirming the sequence of
operation of the building, and in serving as proxies for monitored energy consumption. The pro-
cess for monitoring and the format of the data that were collected were both equivalent to dedi-
cated monitoring. The guidelines provided useful methods for carrying out the evaluation.

2. Conclusions

Tools to be used in remote third-party monitoring for evaluation of energy savings must be accu-
rate, reliable, use available hardware, allow a quick startup, be standardized, avoid intrusion into
the building, have low liability, and allow the monitoring team control over the data. EMCS
monitoring can address many of these needs, and have advantages over conventional methods, as
documented in several case studies.

e “Free" data: The most obvious advantage of EMCS monitoring is that it can make use of
existing hardware and software. It is often possible to make use of existing equipment, and
to install absolutely no hardware. Since no protocols exist for EMCS monitoring, each
EMCS is a unique case, and time will be required to learn how to use the existing capabili-
ties, in coordination with building personnel. Time will also be required to ensure that the
EMCS is capable of monitoring, and possibly for some reconfiguration. This time may be
significant, although it may represent the only costs involved in starting up the monitoring.
It is difficult to estimate how much time was required to obtain data from the case study
sites, due to the fact that this project was research oriented, and intended as a proof of con-
cept rather than a realistic example of the implementation of this technology. However, as
a rough estimate, it should not take more than the equivalent of two to three weeks of effort
by a knowledgeable person to make a system functional for monitoring {often much less—
on the order of hours). At a rate of $100 per hour, the three week effort would cost roughly
$12,000, regardiess of the number of points being monitored. If ten points are monitored,
this corresponds to about $1200 per point. If 40 points are monitored, as was the case in the
detailed case study, this corresponds to $300 per point. As a comparison, dedicated moni-
toring can cost on the order of $1000 per monitored point. If EMCS monitoring becomes
more routinely applied, and EMCS manufacturers begin designing their systems with
remote monitoring in mind, the time and costs involved will be greatly reduced. This is
particularly a consideration when cost is a limiting factor in monitoring. It may be possible
to collect data from an EMCS, when no data collection would be possible otherwise, Or
one might be able to increase statistical sample sizes by monitoring more buildings, if the
per building cost can be brought down by using EMCSs.

e  Amount of data: In addition to mimicking the monitoring capabilities of dedicated data
acquisition systems, part of the power of EMCS-based monitoring comes from the different
data and computing capabilities that it offers. It is possible to obtain much more informa-
tion about the building operation than is typically economically feasible in a dedicated
monitoring project. In dedicated monitoring, the number of points that can be monitored is
usually limited by the number of available input channels on the datalogger, and the cost of
hardwiring the connections from the sensors to the logger. With an EMCS, however, many
points of interest are monitored in order to control the building, and the network connecting
the sensors to the data storage medium is already in place. In one of the case study
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buildings, for example, over 10,000 points were available for the building. Many new sys-
tems will always automatically store the last 24 hours’ worth of hourly data. This is a
beneficial feature, because often one does not always know beforehand what will be the
most important data to monitor. This was the case in one of the case studies: no heating
data were monitored, but to diagnose economizer operation, it was realized that heating
information was needed. One and a half days of data were immediately available for
analysis. This is also an advantage because often monitoring has a short lead time, and
there is not sufficient time to gather pre-retrofit data: perhaps the data are already there with
an EMCS.

e Type of data: Beyond allowing monitoring of more data, the EMCS has an advantage in the
type of data it monitors. A typical EMCS measures temperature, energy, and flow (pres-
sure) for many different pieces of equipment. It will also, however, measure values such as
valve or damper position, setpoints, and status. These kind of operational control data are
valuable. Operational control is an important determinant of energy consumption, and it is
important to understand if one wants to know not just how much energy the building is con-
suming, but why. In the detailed case study building, 36 operational control variables were
monitored, and they were found to be quite useful in understanding the operation of the
building, and even in serving as proxies for energy consumption. Conventional energy
monitoring systems could monitor these operational data, but this is not common due to
cost constraints.

In the case studies, using existing in-place EMCSs had several limitations in meeting these
requirements. The specific problems that occurred in some of the case studies were:
e Hardware deficiencies:
—  EMCS telephone lines or modems were in use by system;
— several different EMCSs were in use in the complex, but they were not intercon-
nected;
—  network communications constraints precluded extensive monitoring;

— memory on the host computer was limited and monitoring ovetloaded available
memory—several days of data were lost;

—— the necessary points were not included in the EMCS system; and
— several KkWh meters failed.
e  Software deficiencies:
—  Hourly data storage was limited to 24 hours, so daily downloading was required;
— data could not be accessed remotely;
— remote transfer of data was very slow;
—  proprietary, EMCS model-specific software was necessary to connect to the system,;
—  change-of-value (COV) levels were set too high, resulting in insufficient resolution;

—  when capturing data reports from a screen, the data format was difficult to process (no
line feeds, a status line occurred frequently, data were not in columnar format);

—  COV cumulative data, combined with hourly averaging, made interpretation of some
of the data difficult; and

—  when system was rebooted, data collection sometimes either did not restart at the top
of the hour or it did not restart at all.
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. Quality control:

— A sensor was in the wrong location: on a recirculating rather than a supply pipe, or on
the output rather than the input side of a VED;

— aCT was incorrectly sized;
— akWh calibration factor was incorrect, by a factor of two;
— the wrong units were specified for a point; and
— aCT was installed backwards.
. Fundamental problems:
—  Each site had unique problems, required unique procedures, and had to be evaluated
individually;
— it was not straightforward to evaluate capabilities at a site; and
— significant assistance by the EMCS operator was required.

It is important to note that for each problem that occurred at a site, there were other sites where
the problem did not occur, so that none of the problems should be considered universal or insolu-
ble.

~

Use in other Applications

If the types of problems outlined above can be solved, there is tremendous promise for using
EMCSs in other monitoring and conservation efforts as well. Table III-1 showed what attributes
are significant in other types of programs, and these are discussed here. Some of the programs in
which EMCS monitoring might be most applicable are savings verification, commissioning,
operation and maintenance (both troubleshooting and improvements), building optimization,
identification of conservation opportunities, and technology assessment. The primary differences
between these types of programs and third-party savings evaluation programs are the fact that
they take place on site and the building management benefits from the results, the smaller scale,
the reduced need for standardization, and the relaxed need to use a specific method for monitor-
ing or analysis.

EMCSs can play many other roles in conservation efforts:

o  Supplements to conventional monitoring: In some cases it may be appropriate to supple-
ment submetered energy data, collected using a datalogger, with information collected by
the EMCS. Hundreds or thousands of control points are often accessible in an EMCS. This
type of operational information—such as temperature setpoints, outdoor air fractions, and
variable-frequency drive control signals—can aid in understanding the patterns behind the
energy consumption, or providing clues to be used in simulation tuning.

e  Diagnostics, optimization, and performance targets: The on-site processing capabilities of
an EMCS would enable the system to provide immediate feedback to the building operator
on the performance of energy conservation measures or equipment, and to compare that
actual performance to baseline assumptions. For example, the EMCS could calculate sav-
ings realized from night setback, or heat recovery, based on temperatures and other opera-
tional data. The system could also compare current building performance with predicted
and historic values, or calculate new energy consumption targets that were specific to the
current or anticipated operating conditions and objectives. EMCSs are installed to optimize
control of building systems. With the addition of data monitoring and analysis, the opera-
tion of the building can be further optimized. Understanding which systems use the most
energy or power could help building operators decide which conservation measures to
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implement. Whole-building demand monitoring is important to help operators with build-
ing load management and demand limiting. Data monitoring could also be integrated with
building control so control algorithms could be reprogrammed to operate the building in an
intelligent way. A knowledge-based control system can optimize control of building sys-
tems by automatically analyzing data to evaluate past performance and anticipate future
needs. In addition, a knowledge-based control system can help to solve the problem of data
reliability. An EMCS programmed with the building operator’s "expertise” could automati-
cally distinguish between bad data and out-of-the-ordinary building operation and either
flag data that seemed erroneous or alert the building operator to possible equipment failures.

o Commissioning: EMCSs could contribute to commissioning of buildings, building systems,
and EMCSs themselves. Commissioning usually includes two tasks: taking the building
through its expected range of operations, and monitoring its performance; the EMCS can be
a powerful tool for both of these tasks. For example, the EMCS can be used in commis-
sioning a variable speed fan by controlling the speed, varying it from minimum to max-
imum speeds while monitoring flow rates. The monitoring capabilities can also be used to
collect operational data to confirm that the EMCS is managing the speed appropriately.

o Alternative evaluation methodologies: Some methods of analyzing building performance
rely almost entirely on monitored whole-building and end-use energy consumption. How-
ever, the availability of operational data may suggest modifications of these methods or
entirely new methods. For example, knowing what the building "thinks" it is doing may be
very useful in analyzing what it actually did. Simply knowing the temperature setpoint and
the reason for that setpoint may provide a great deal of information. As another example,
the EMCS can match equipment hourly runtime with hourly energy consumption to obtain
a more accurate representation of energy consumption during equipment operation. Or the
status of motion detectors might be aggregated across the building, and used to automati-
cally normalize energy consumption for occupancy. Operational data may confirm or pro-
vide inputs to simulation models or savings estimates.

o On-site data processing: It is possible to collect large amounts of data with an EMCS, but
often more data are not necessarily preferable. A monitoring program can be quickly over-
loaded with too much data, and large monitoring programs sometimes must employ data-
base and computer specialists to deal with the large amounts of data that are collected.
Since there is usually a sophisticated microcomputer present on site, the EMCS could be
used not only as the source of raw data, but as a tool to carry out the data analysis. The
EMCS also has access to a different type of data—operational data—since it is controlling
the building. With an EMCS it may be possible to collect raw data on-site, determine a few
key factors that are of interest to the monitoring program, and transfer only these values to
the monitoring personnel. The computational capabilities of EMCS processors are quite
extensive and often underutilized. This kind of processing might include things like calcu-
lation of chilled water energy consumption or of heat recovery energy savings from
flowrates and temperatures, and different kinds of averaging. Using this type of informa-
tion, along with the monitored energy consumption, it might be possible, for example, to
evaluate the performance of individual energy conservation measures, rather than monitor-
ing the energy consumption of end uses. The operational data would also be useful for vali-
dating estimates made during building audits, or for providing clues needed in calibrating
simulations to match measured consumption.

Solving the Problems

Since the application of EMCSs to monitoring has significant promise, it is useful to discuss how
its problems might be solved, so that the tool can be more appropriate in future efforts.
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Some of the stated problems can be easily solved in existing systems. For those systems that are
not well suited to monitoring, the limitation is frequently in the software and not in the hardware.
That is, the EMCS could log the necessary data, but it has not been programmed to do so. In
these cases, data monitoring should be fairly simple to implement. The problem of insufficient
storage space can sometimes be solved by judicious choice of which data to store. For example,
it might be impossible, because of storage limitations, to store short-interval end-use demand or
status data for a long period of time. However, if an average weekday profile is constantly
updated (e.g., just 24 hourly averages and their corresponding statistical variation), the necessary
statistical information on hourly changes will take up a minimal amount of space. (Also, addi-
tional memory or a permanent storage device might be added to a system at a cost that is small
relative to the cost of the original EMCS or of submetering.) While it may be difficult to increase
the reliability of sensors, some indicator of whether or not a given piece of data is reliable—such
as the indicator of down time in one of the case studies—would be sufficient to prevent false con-
clusions. The problem of tying up phone lines or interfering with control activities while getting
data would be less serious if the transfer of data could occur more quickly, which would be possi-
ble if the data were transferred in compact format, rather than buried in bulky reports with
unnecessary headings and descriptions.

Other problems can be solved with minor modifications to system design. Relatively minor
modifications to the available EMCS software could greatly improve this method of collecting
data. In particular, EMCS software could be modified to: ’

e  allow data to be averaged over an hourly interval;

. reliably report data at the end of each hour;

e  create concise and standardized formats for requesting data;

e  create concise and standardized formats for reporting data;

e  create some simple means of rapidly and reliably displaying or transmitting the data;
. allow a "read-only" access mode; and

e  create a data collection facility that requires a special password to alter or delete data .

Some problems will require major modifications to system design. A system designed with
energy performance monitoring in mind would probably have some fundamental differences. For
example, the simplest way to gain access to the data in these existing cases was to have the data
displayed on the screen and captured into a log file. However, this is not the most appropriate
method, due to the inability to perform error detection and correction, and the time it takes to
transmit and process the report. There is also a potential for energy monitoring to interfere with
EMCS control operations, and for control operations to interfere with energy monitoring, Ideally,
controls manufacturers should incorporate into their basic software a procedure for transmitting
data files to a remote, dial-in terminal, using non-proprietary communications software and a
standard file transfer protocol that is capable of transmission error detection and correction. It
should also have a separate energy monitoring procedure, which would allow monitoring to take
place without either interrupting or being interrupted by control procedures. An example of a
specification of such a "monitoring ready" EMCS, for the application of remote third-party moni-
toring for evaluation of energy savings is shown in Table VII-1. This specification should not be
difficult for most manufacturers to meet.

Other problems may be more difficult to solve. Installation, programming, and commissioning
problems are quite common in EMCS applications. Quality control is always a serious concern.
Contributors to this problem are the need to minimize installation costs to be competitive, and the
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Table VII-1. Sample Specifications for a "Monitoring Ready'' EMCS for Remote

Monitoring for Savings Evaluation.

System shall be capable of collecting long term data for the following points:
. kWh or Btu for all relevant end uses (those covered by retrofits),

» whole building kWh,

. outdoor air temperature, and

. status/runtime for all relevant end uses.

The system shall also be capable of collecting short term data for variables that characterize operation
of relevant end uses.

The resulting data collected shall have the following accuracies:
. temperatures to £0.5°F,

. flow to £5% at lowest expected flowrate, and

. kWh to +5% at lowest expected hourly demand.

Those sensors that are not factory-calibrated shall be field-calibrated. Space sensors, or VAV-box tem-
perature sensors, shall be spot inspected, and no more than 10% shall fail inspection. All flow sensors
and kWh meters shall be inspected, and none shall fail inspection.

System shall be able to collect average data at intervals from one minute to one day—including 15-
minute and hourly averages. Electrical data shall be total energy consumption for the interval or aver-
age power for the interval.

The system shall store long term data from all required points at required intervals for at least one
month. Short term data shall be able to be stored for more than one week.

The collected data shall be reported in a format with comma separated numerical variables. All text
shall be in quotations. The data file should consist of one column for each point monitored, and one
row for each time interval. Each line shall be date- and time-stamped, using a format such as "DD MM
YYYY HH MM," and hours shall be shown from 01-24, where 01 indicates the hour between mid-
night and 1:00 am. Missing data shall be indicated with "9999". A header line shall be included, show-

ing the point name and engineering units.

The data shall be able to be viewed and retrieved remotely. This access shall allow use of non-
proprietary communications software on the remote end. Request for data shall be a simple one line
command, indicating the interval of data to be collected, the name of point or group of points, and
beginning and ending dates or times; for example: ">hourdata kWh 01-01-94 06-30-94". Access shall
take place at at least 2400 baud, and the data shall be transmitted using a common file transfer protocol,
such as kermit, which includes emror detection and correction. The data collection shall be password
protected such that monitoring cannot be disabled or altered, and data cannet be retrieved, except by the
monitoring entity or the chief EMCS operator. The monitoring entity shall not have any capabilities

beyond data collection.
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complexity of most systems. This type of problem is not easy to solve; conferences have been
devoted to discussion the causes and possible solutions to building quality control problems
(PECI 1994). It is important to remember at the same time that the quality of specification and
installation should also be considered serious issues for conventional monitoring. For example,
most of the types of problems that occurred in the EMCSs in the case studies have occurred with
conventional monitoring systems in other programs (see, for example, O’Neal et al. 1992). How-
ever, an important distinction is that quality control is ultimately under the control of the moni-
toring professional, while that is not the case when the building's EMCS is being used. Until
progress is made on ensuring the quality of EMCS installations, it is important that EMCS sys-
tems are designed to facilitate recalibration of sensors and provide redundancy in data collection.

Implementation

Given that the use of EMCSs for monitoring has promise, that it currently does not meet some of
its objectives in many cases, and that many of the problems are soluble, what will it take to make
these solutions come about? This requires an understanding of what the current barriers are. One
of the major barriers is a lack of protocols for carrying out this type of monitoring. These are
needed to solve the problems that were classified as "fundamental" above: the difficulty in assess-
ing capabilities when no such protocols are in place, and the difficulty in integrating EMCS-
monitoring into programs when many different procedures are required for different models. Pro-
tocols would include specification of data formats, and definition of what is meant by a
"monitoring-ready” system, so that it does not have to be assessed on a case-by-case basis. Hope-
fully, the guidelines presented in this dissertation will provide a basis for construction of such

protocols.

The second barrier is the perceived lack of a market for such capabilities. This can be overcome
in several ways. The first is for entities carrying out conservation programs to include a require-
ment for monitoring capabilities in their requirements for participation in the program. Utility
DSM programs and the Environmental Protection Agency’s Energy Star Building program are
two examples of the types of programs that could include this type of requirement. If such
requirements were in place, EMCS manufacturers could be assured that enough customers will
request such capabilities to be worthwhile for them to create these capabilities. Program planners
would also be assured that the systems installed will be usable for monitoring. Another means of
implementation would be for major customers to specify that "monitoring-ready” EMCSs shall
be installed. Examples of major customers that could exercise this type of market pull would be
government buildings, large chains, major developers, or property management firms. A final
example of a means to ensure implementation of this technology would be standards. This could -
either be standards set by the controls or buildings industries to assure quality in their products, or
building standards imposed by states or localities.

EMCS monitoring capabilities must be further developed to meet all of the needs for monitoring
and to be considered a universally reliable and appropriate tool. However, the potential advan-
tages are significant, and when this development takes place, EMCSs are expected to become
very important tools in ensuring that energy conservation is an effective and viable alternative to
increased energy consumption.
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