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Preface

International Energy Agency

The International Energy Agency (IEA) was established in 1974 within the framework of the
Organisation for Economic Co-operation and Development (OECD) to implement an
international energy programme. A basic aim of the IEA is to foster co-operation among the
twenty-eight IEA participating countries and to increase energy security through energy
conservation, development of alternative energy sources and energy research, development and
demonstration (RD&D).

Energy Conservation in Buildings and Community Systems

The IEA co-ordinates research and development in a number of areas related to energy. The
mission of one of those areas, the ECBCS - Energy Conservation for Building and Community
Systems Programme, is to develop and facilitate the integration of technologies and processes for
energy efficiency and conservation into healthy, low emission, and sustainable buildings and
communities, through innovation and research.

The research and development strategies of the ECBCS Programme are derived from research
drivers, national programmes within IEA countries, and the IEA Future Building Forum Think
Tank Workshop, held in March 2007. The R&D strategies represent a collective input of the
Executive Committee members to exploit technological opportunities to save energy in the
buildings sector, and to remove technical obstacles to market penetration of new energy
conservation technologies. The R&D strategies apply to residential, commercial, office buildings
and community systems, and will impact the building industry in three focus areas of R&D
activities:

e Dissemination
e Decision-making

¢ Building products and systems

The Executive Committee

Overall control of the program is maintained by an Executive Committee, which not only
monitors existing projects but also identifies new areas where collaborative effort may be
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beneficial. To date the following projects have been initiated by the executive committee on

Energy Conservation in Buildings and Community Systems (completed projects are identified by

(*):

Annex 1:
Annex 2:
Annex 3:
Annex 4:
Annex 5:
Annex 6:
Annex 7:
Annex 8:

Annex 9:

Annex 10:
Annex 11:
Annex 12:
Annex 13:
Annex 14:
Annex 15:
Annex 16:
Annex 17:
Annex 18:
Annex 19:
Annex 20:
Annex 21:
Annex 22:
Annex 23:
Annex 24:
Annex 25:
Annex 26:
Annex 27:

Load Energy Determination of Buildings (*)
Ekistics and Advanced Community Energy Systems (*)
Energy Conservation in Residential Buildings (*)
Glasgow Commercial Building Monitoring (*)

Air Infiltration and Ventilation Centre

Energy Systems and Design of Communities (*)
Local Government Energy Planning (*)

Inhabitants Behaviour with Regard to Ventilation (*)
Minimum Ventilation Rates (*)

Building HVAC System Simulation (*)

Energy Auditing (*)

Windows and Fenestration (*)

Energy Management in Hospitals (*)

Condensation and Energy (*)

Energy Efficiency in Schools (*)

BEMS 1- User Interfaces and System Integration (*)
BEMS 2- Evaluation and Emulation Techniques (*)
Demand Controlled Ventilation Systems (*)

Low Slope Roof Systems (*)

Air Flow Patterns within Buildings (*)

Thermal Modelling (*)

Energy Efficient Communities (*)

Multi Zone Air Flow Modelling (COMIS) (*)

Heat, Air and Moisture Transfer in Envelopes (*)
Real time HVAC Simulation (*)

Energy Efficient Ventilation of Large Enclosures (*)

Evaluation and Demonstration of Domestic Ventilation Systems (*)
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Annex 28:
Annex 29:
Annex 30:
Annex 31:
Annex 32:
Annex 33:
Annex 34:
Annex 35:
Annex 36:
Annex 37:
Annex 38:
Annex 39:
Annex 40:
Annex 41:
Annex 42:

Annex 43:
Annex 44:
Annex 45:
Annex 46:

Annex 47:
Annex 48:
Annex 49:
Annex 50:
Annex 51:
Annex 52:
Annex 53:
Annex 54:

Low Energy Cooling Systems (*)

Daylight in Buildings (*)

Bringing Simulation to Application (*)

Energy-Related Environmental Impact of Buildings (*)

Integral Building Envelope Performance Assessment (*)

Advanced Local Energy Planning (*)

Computer-Aided Evaluation of HVAC System Performance (*)
Design of Energy Efficient Hybrid Ventilation (HYBVENT) (*)
Retrofitting of Educational Buildings (*)

Low Exergy Systems for Heating and Cooling of Buildings (LowEXx) (*)
Solar Sustainable Housing (*)

High Performance Insulation Systems (*)

Building Commissioning to Improve Energy Performance (*)

Whole Building Heat, Air and Moisture Response (MOIST-ENG) (*)

The Simulation of Building-Integrated Fuel Cell and Other Cogeneration Systems
(FC+COGEN-SIM) (*)

Testing and Validation of Building Energy Simulation Tools (*)
Integrating Environmentally Responsive Elements in Buildings
Energy Efficient Electric Lighting for Buildings (*)

Holistic Assessment Tool-kit on Energy Efficient Retrofit Measures for
Government Buildings (EnERGo)

Cost-Effective Commissioning for Existing and Low Energy Buildings
Heat Pumping and Reversible Air Conditioning

Low Exergy Systems for High Performance Buildings and Communities
Prefabricated Systems for Low Energy Renovation of Residential Buildings
Energy Efficient Communities

Towards Net Zero Energy Solar Buildings

Total Energy Use in Buildings: Analysis & Evaluation Methods

Analysis of Micro-Generation & Related Energy Technologies in Buildings
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Annex 55:  Reliability of Energy Efficient Building Retrofitting - Probability Assessment of
Performance & Cost (RAP-RETRO)

Annex 56: Energy and Greenhouse Gas Optimised Building Renovation

Working Group - Energy Efficiency in Educational Buildings (*)
Working Group - Indicators of Energy Efficiency in Cold Climate Buildings (*)
Working Group - Annex 36 Extension: The Energy Concept Adviser (*)

Working Group - Energy Efficient Communities

(*) — Completed

Annex 47

The objectives of Annex 47 were to enable the effective commissioning of existing and future
buildings in order to improve their operating performance. The main objective of this Annex was
to advance the state-of-the-art of building commissioning by:

Extending previously developed methods and tools to address advanced systems and low energy
buildings, utilizing design data and the buildings’ own systems in commissioning
Automating the commissioning process to the extent practicable

Developing methodologies and tools to improve operation of buildings in use, including
identifying the best energy saving opportunities in HVAC system renovations

Quantifying and improving the costs and benefits of commissioning, including the persistence of
benefits and the role of automated tools in improving persistence and reducing costs without
sacrificing other important commissioning considerations

To accomplish these objectives Annex 47 has conducted research and development in the
framework of the following three Subtasks:

e Subtask A: Initial Commissioning of Advanced and Low Energy Building Systems

This Subtask addressed what can be done for (the design of) future buildings to enable cost-
effective commissioning. The focus was set on the concept, design, construction, acceptance, and
early operation phase of buildings.

e Subtask B: Commissioning and Optimization of Existing Buildings

This Subtask addressed needs for existing buildings and systems to conduct cost-effective
commissioning. The focus here was set on existing buildings where the conditions for
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commissioning need to be afforded without documentation and limited means for integrated
commissioning.

e Subtask C: Commissioning Cost-Benefits and Persistence

This Subtask addressed how the cost-benefit situation can be represented. Key answers were
provided by developing international consensus methods for evaluating commissioning cost-
benefit and persistence. The methods were implemented in a cost-benefit and persistence
database using field data.
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FOREWORD

This report summarizes part of the work of IEA-ECBCS Annex 47 Cost-Effective
Commissioning of Existing and Low Energy Buildings. It is based on the research findings
from the participating countries. The publication is an official Annex report.

Report 1 can be considered as an introduction to the commissioning process.

Report 2 provides general information on the use of tools to enhance the commissioning of low
energy and existing buildings, summarizes the specifications for tools developed in the Annex
and presents building case studies.

Report 3 presents a collection of data that would be of use in promoting commissioning of new
and existing buildings and defines methods for determining costs, benefits, and persistence of
commissioning, The report also highlights national differences in the definition of
commissioning.

Report 4 provides a state of the art description of the use of flow charts and data models in the
practice and research of initial commissioning of advanced and low energy building systems.

Abbreviations are presented before the Executive Summary to facilitate the understanding of the
terms used.

In many countries, commissioning is still an emerging activity and in all countries, advances are
needed for greater formalization and standardization. We hope that this report will be useful to
promote best practices, to advance its development and to serve as the basis of further research in
this growing field.

Natascha Milesi Ferretti and Daniel Choiniéere

Annex 47 Co-Operating Agents
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1 EXECUTIVE SUMMARY

Building Commissioning is a quality assurance process for the design, construction, and
operation of buildings. Although recognized as a valuable means to ensure that buildings reach
their operating potential, the building commissioning process is not widely adopted
internationally. Researchers from Annex 47, an international research project, identified that a
major barrier to market penetration is the lack of commissioning methods and tools to ensure that
advanced components and systems reach their technical potential and operate energy-efficiently.
Results of research to develop guidelines and tools to help overcome that barrier for both
existing and future buildings are presented in this report. The results address commissioning and
analysis approaches, guidelines for monitoring and the use of sensors, commissioning tools for
existing and low energy buildings, and a collection of international case studies.

Commissioning and Analysis Approaches

Although there are international differences in project delivery processes, a general description is
useful for building commissioning. Commissioning is generally carried out using either a top-
down approach (first evaluating whole system performance and then moving to lower levels), or
bottom-up approach (beginning with single components and widening analysis to system level,
as needed) and includes the application of relevant performance metrics to evaluate decision
points. The needs for existing buildings are quite different than those for the initial
commissioning of advanced and low energy buildings.

Commissioning Existing Buildings- because the freedom to implement best-practice measures is
most easily introduced in the design-phase, buildings that have never been commissioned often
lack data. Design and operational data is often unavailable, inaccessible, erroneous or outdated.

Commissioning Advanced & Low Energy Buildings- procedures need to explicitly address
energy consumption at the system or whole building level and the peak demand that is not
typically addressed in current conventional new building test procedures for innovative systems
are not available in libraries or guides.

For existing buildings, commissioning often relies on data that is already available of that can be
acquired at low cost. Automating portions of the commissioning process is one approach to
improving cost-effectiveness.

Advanced and low-energy systems generally require a higher level of control and also greater
control accuracy than conventional systems. Innovative buildings are, almost by definition, ‘one-
of-a-kind’ and require functional test procedures that are customized to the design of that unique
building. To improve the building delivery process, research and development must address the
need for:
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1) methods to document design intent that extends to integration of systems at the whole
building level, and can be clearly understood by design team, commissioning agents and
operators;

2) design review guidelines for low-energy buildings to help catch problems early;

3) functional test methods that adequately address innovative system operation and
integration issues, and;

4) functional test methods that compare expected energy performance to actual energy
performance during commissioning and diagnose causes of differences

Commissioning yields the best results if begun early on in the project and integrated into every
phase--throughout design, construction, performance verification and acceptance--until a stable
and optimal operation of the building systems is achieved.

Monitoring Guidelines

Systematic approaches for the evaluation of data, beyond simple benchmarking, are often
missing. Furthermore, the unknown benefits versus the costs of installing additional
measurement equipment present a major constraint. It is recommended that a project-specific list
of necessary measurements and/or sensors be developed by:

identifying system to be assessed,
defining specific checks and performance metrics are appropriate for these systems,
deriving the measurements needed to prepare/calculate the desired performance metrics, and

defining and using a unified point naming convention, particularly when monitoring massive
systems.

In existing buildings, the three most significant problems related to installing sensors were
identified as cost, constraints from existing facilities, and accuracy. Field experience was
distilled to provide proven approaches that help to overcome these problems, including the use of
wireless technology and non-invasive sensors

Commissioning Tools

The diversity of Annex participants provided insight to the needs for commissioning tools from
the European, North American, and Asian points of view.

In Europe, energy audits and performance contracts are well established, but third-party
commissioning is a new concept, unknown to many consultants and building owners. Although
the expertise needed for commissioning is available, when performed, commissioning is
generally limited to a handover activity. Standardized descriptions/guidelines and tools that can
support a systematic commissioning process are absent.
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In North America, barriers to assuring maximum building performance exist at each phase of the
building life-cycle: design, construction and turnover, and ongoing operations and occupancy.
Cheaper, more accurate and more robust tools to automate the commissioning process for new
and existing buildings are needed to improve building performance while reducing labour and
other costs. These tools will also help the market better respond to the outsized demand for
skilled designers, commissioning providers and operators.

In Japan, the meaning and scope of commissioning varies from engineer to engineer. Pioneering
research work has implemented many kinds of commissioning tools, for example, the use of
computer simulation to estimate performance of HVAC systems or sub-systems and tools to
visualize results. Still, adoption is slow. The most significant barriers are the difficulties
interfacing with system data, lack of experience and training tools, and lack of robust
commissioning tools that can address system interactions.

Across the globe, there is a universal need to measure, monitor, and process huge amounts of
data in order to operate the building and systems optimally. Advanced visualization techniques
can be used to display the information that is hidden in performance data and/or the recorded
operation data of buildings and systems, and, thus, valuable for commissioning of buildings and
systems. Visualization is also relevant for transporting data and information from design
analyses, such as simulation and modelling, and to make this information available in subsequent
project phases. Visualization techniques can be used to show:

Change of variables over time

Relations between two or more variables
Statistical information / distribution of values
Spatial information/distribution
Partitioning/percentage share of properties
Comparison of scalars (elements of different size)

Process / information flow

In Annex 47, a total of eighteen automated and semi-automated commissioning tools were
developed. Eight categories were selected to describe the features of existing building and low
energy building commissioning tools: objectives, functions, data-management, implementation,
operability, analytical engine, end users, and benefits. Detailed features of major tools are listed
in Appendix 4. The focus of many of the commissioning tools is fault detection and diagnosis,
followed by optimization, design and data handling. The primary target for most tools is system
level commissioning, followed by whole building and component level at the same rate, then
control level. Most tools have been developed for existing buildings rather than low energy
building, because automated tools for LEB Cx are still in their infancy.
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From the real building implementation of these tools, three case studies were selected to present
three approaches.

1) Top-down approach. The German ModBen project deals with the systematic performance
evaluation of existing non-residential buildings, an ongoing commissioning process. A 4-
step procedure was developed for ModBen and is illustrated below.

Benchmarking

Collect system information and
Installation of data acquisition

c FDD and Optiomization
equipment

‘ Monitoring

Ongoing Commissioning

The 4-step procedure on a time scale

2) Bottom-up approach. In the Netherlands, two bottom-up examples were presented. One
involved an investigation of tenant complaints and leveraged functional performance
testing tools. The second example is a blind analysis of an AHU based on a functional
description of the AHU as a basis for deriving expert rules, data collected from a building
automation system, and no additional sensors.

3) Combined approach. A Japanese Promotion Program for the Introduction of Efficient
Energy Systems in Housing/Buildings assists with the introduction of a building energy
management system. In this project, grant-aided businesses specify their demands for
achieving energy-conservation. The implementation report includes information on
quantitative target values and conditions for their attainment, how to analyze measured
data, solve problems under an energy management system consisting of experts, such as a
designer and others, in addition to the building’s owner, and the procedure for reporting
results. This process is considered similar to the Commissioning Process.

The tools and case studies discussed illustrate the potential for improved building performance
through the use of software tools in the commissioning process. The tools provide features for
operational fault detection and and/or for optimization that help to identify and realize potential
savings.
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2 Commissioning and analysis approaches for existing and low
energy buildings

2.1 Analysis approaches

A building and its services can be defined as a hierarchical structure as shown in Figure 2-1. At
the highest level a building is seen in its entirety. At the lowest level are components in a
subsystem, e.g. a fan. The second level is divided into a building’s services systems (on left) and
the building itself (on right). The systems part consists primarily of physical objects, such as
building structure and envelope.

1 Building as an Entirety
Building with its services system

Building Services Building
2 HVAC System, Other Building Services Systems Interior, Envelope, Structure
—
/ \ ]
\

3 HVAC System HVAC Other Building Interior, | Envelope | | Structure |
Plant Services Systems Furniture, etc. /A
X =

.................... /I\

I .,
Other
4 Receptacles
Chillers
Boilers Service Hot

Hydronic Heat Water
- - Heating and rejection
Air Handling Cooling equipment || Lighting || Vertical
System System System || Transport
™~ v
\ \ / | |
\
\
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Figure 2-1 Building divided into its service systems, subsystems and components®

The overall systems may be viewed from different levels:

!Nilsson, P -E. (Ed), 2003. Achieving the Desired Indoor Climate — Energy Efficiency Aspects of System Design,
Studentlitteratur, the Commtech Group, Lund, Sweden.
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The whole system
A subsystem, involving several components

Single components that are considered critical.

As a result, any perspective analysis can occur from a top-down or bottom-up approach. Annex
25 of the IEA ECBCS source book gives these explanations concerning the different approaches.

“The two problems can be presented in the following manner: When undesired operation is
observed on the building level, what is the cause of the problem on the level of subsystems or
components? When a fault is observed on the component level, what is the seriousness of that
fault in terms of building performance on the level of the building as a whole? In Figure 2-2 the
problems are represented by arrows. The tail of each arrow indicates an observation of a fault
or undesired operation, while the head indicates the result of the reasoning.

“Instead the fault is detected in the building or in the component level; it can as well be detected
in the subsystem level. In the last case one must be able to deduce the impact of the fault in the
subsystem level in a higher level (building level, for example), and on the other hand, be able to
find the cause of the fault in a lower level (component level, for example).

Whaol ildi
Building level ole building Reasoning approach
Subprocesslevels T T TN T
(l-nlevels) . -
Heating system fault Air conditioning
5% system fault

Compomentdevel f NN
Control ~ Control
valve 1 valve 2 Hea excha_ngm—

.

valve ,
ey

Figure 2-2 Schema of top-down and bottom-up approaches

“Problems can be named according to the principles used for their resolution. In the top down -
approach the starting point is some performance property of a building which describes the
function of the entire system, such as energy consumption, proceeding towards smaller details.
In similar fashion, the bottom up - approach begins with some detail, the significance of which
for the whole is not necessarily known, and ending up with the consequence of the fault from the
standpoint of the whole. When starting from the subsystem level, both approaches must be
utilized.”
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2.1.1 Top-Down Approach

The top-down approach consists in “going down” from system level to component level, through
some subsystems. The whole system performance is first verified and the inquiry is extended in
turn to lower levels, according to observed malfunctioning and questions to be answered.
The first task is not to verify if a certain component is performing “well” or “poorly”, but rather
to check if the overall performance of the system and the interaction between components and
subsystems is in acceptable or within “normal” range.

Annex 25 of the IEA ECBCS source book also states that:

“What becomes of a problem after the error has been observed, however, is locating it in the
building’s many subsystems and constituent components. How does localization of the error
proceed, and to what degree should it be possible to explain the reason for its occurrence? It
should be possible to arrange the reasoning so that it would proceed according to either the
order of probabilities or some other corresponding order of importance. For example, if it is a
question of how to reduce energy wasting, the first thing that should be considered for inspection
is the most probable sub-process which might have been damaged or, alternatively, the partial
system which consumes the most energy. If the fault is found there, work should continue
according to some preliminary determined system within the subsystem to its components or
something similar.

“Localizing the fault in the hierarchical tree would thus proceed to the level possible using
existing process data, which has either been obtained from measurements or requested from the
user. If there is no control of reasoning of this type, implementation of the reasoning would be
too difficult. This leads in practice to a situation in which no resolution of the problem is
obtained.”

This describes a typical problem of the top-down approach: it is well suited to detect (major)
faults, but as by definition not every subsystem and component is monitored the fault diagnosis
might be difficult or even impossible, because necessary information is missing. For fault
diagnosis one has to know how a certain fault shows up on high level signals like the total energy
consumption. This might be an easy task for faults like deficient operating schedules that are not
in synchronization with occupancy (demand). However, for more complex faults at subsystem or
component levels (e.g. coil fouling, loss of refrigerant or wrongly adjusted operation modes) this
might be very hard or impossible - if multiple faults are present the situation worsens.
Furthermore, the occurrence of a single fault in a component might not significantly show up at
high level signals, like the energy consumption, but nevertheless might have a significant
influence on energy, comfort or lifetime of the component.
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The top-down approach is a common solution that combines permanent measurements for the
overall performance with temporary measurements at the subsystem or component level for a
more detailed analysis of systems that were identified as deficient.

2.1.2 Bottom-Up Approach

The bottom-up approach consists in starting from a single component and going back
progressively to the whole building. It might be most appropriate for initial commissioning. It
allows a safer identification of local faults, but it might also result in wasted effort because of
lack of global vision of the problem.

It is impractical to monitor operations of all building components. It is therefore essential that
when using the bottom-up approach priority is established beforehand for the investigation of
those components and faults for which a failure is either probable or would have the greatest
effect on the property or set of properties of the building.

2.1.3 Performance metrics

When assessing building performance it is important that the data are presented in a pre-defined
manner that renders it informative. This is achieved using standardized performance metrics.

Deru and Torcellini® give the following definition for performance metrics:

“A metric is a standard definition of any measurable quantity, and a performance metric is a
standard definition of a measurable quantity that indicates some aspect of performance. Many
other terms are used with a similar meaning, such as performance indicator, performance index,
and benchmarking.

“Performance metrics need certain characteristics to be valuable and practical. A performance
metric should:

Be measurable (or able to be determined from other measurements);

Have a clear definition, including boundaries of the measurements;

Indicate progress toward a performance goal,

Answer specific questions about the performance.”

This definition is applied to energy performance of buildings and performance metrics for
different levels according to Figure 2-1.

They defined three levels of performance metrics (see Figure 3).

2 Performance Metrics Research Project — Final Report”, M. Deru and P. Torcellini, Technical Report, National
Renewable Energy Laboratory, USA, NREL/TP-550-38700, October 2005
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Tier 1 provides a high level building overview e.g. from monthly/annual data such as utility bills.
(Level 2 in Figure 2-3 )

Tier 2 provides a breakdown of the performance of subsystems and/or components and typically
requires hourly or sub hourly data. (Level 3-6 in Figure 2-3)

Performance indicators are above Tier 1 metrics, and they aggregate complex information to
show planning level trends toward goals.

Performance Metrics Users of Performance Metrics
Project Activities

Policy Makers
Rating System Sponsers,
Energy Suppliers,
Owmers

Tier 1 Metrics Designers

Tier 2 Metrics '
\J >\ Operators,
Energy Professionals,
Data Researchers

Analysis
Procedures

O

)

Monitoring
Procedures

Figure 2-3 Application of performance metrics in building performance evaluation®

Even though Deru and Torcellini focused on energy performance metrics (based on
measurements of energy flows) the definition of performance metrics and tiers can be applied to
any general analysis that incorporates any kind of measurable data (see also: Kenneth, Gillespie,
et al.?).

In general, the definition of performance metrics follows the identification of systems to be
monitored and questions to be answered concerning their performance (see also Chapter 1).

2.2 Special aspects of existing buildings

For new construction, on-going commissioning may already be introduced in the design phase,
giving the building owner and design engineer freedom in their decisions. With existing
buildings that were never the subject of any kind of commissioning, this freedom is missing. The
design and structure of the building and the HVAC system are fixed. Consequently, introducing
on-going commissioning in existing buildings poses challenges, primarily:

3 Performance Metrics Research Project — Final Report”, M. Deru and P. Torcellini, Technical Report, National
Renewable Energy Laboratory, USA, NREL/TP-550-38700, October 2005

+ A Specifications Guide for Performance Monitoring Systems®,Kenneth, Gillespie, et.al., CEC PIER-DOE project,
USA, 2007
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Lack of data
For existing buildings there is often a lack of data. Information about the construction
and systems might be unavailable, de-centralized, inaccessible, or contain erroneous or
invalid documentation. Metering data is normally reduced to a minimum necessary for
the energy billing.

Lack of budget
Although it is possible to do detailed documentation and building modeling and/or install
numerous sensors to measure data for the analysis, the cost is too high to for this to be
standard procedure in existing buildings. The budget is a significant factor when
considering measurement equipment as well as the effort required for acquisition of
information during the audit.

As a result, tools for existing buildings often rely on data which is either already available or that
can be acquired at low cost. Consequently, the choice of approach used in analysis of an existing
building (top-down or bottom up) often depends on the availability of measured data.

Generally, the availability of measured data of sufficient quality in existing buildings is low. At
the same time, monitoring all components of a system usually requires a considerable budget for
additional measurements, which is not feasible. In light of this, the analyst may combine the
following complementary approaches:

Use existing sensors only
This approach tries to make “the best” of the situation. An example of a top-down-
approach would be benchmarking based on utility bills (monthly/annual).

For a bottom-up analysis, this approach is only reasonable if a BAS is installed that can
provide a lot of data from the system. As the data from the BAS might not be sufficient to
analyze every component — the outcome of this approach might be arbitrary or
incomplete.

Use and/or install a consciously chosen set of sensors.
This approach tries to use or install only necessary sensors to answer specific questions
while adhering to budget requirements.

In practice, a mixture of these approaches will likely be applied.

Table 2-1 Combination of top-down/bottom up approaches and use of existing/new sensors

top-down bottom-up
Use existing sensors Benchmarking based on Analysis based an data provided
only utility bills/meter readings by existing BAS

(monthly / annual)
Use and/or install a Detailed monitoring of Detailed monitoring and FDD of
chosen set of sensors building’s energy balance. an AHU.
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While a top-down approach that is more than simple benchmarking might start with an energy
balance and likely require new sensors, a bottom-up approach will likely work with existing
sensors to avoid high costs for measurement equipment.

Furthermore, a top-down approach is more suited to continuous long-term evaluation of overall
building performance, while a bottom-up approach should only be used to track problems of
single components with a temporary measurement.

In general, both approaches are necessary to achieve optimum performance because the top-
down approach might not detect or diagnose problems at component level, while the bottom-up
approach cannot make an assessment of the overall energy consumption.

Deployment of sensors in buildings is discussed in more detail in Chapter 3.

2.3 Initial Cx of Advanced & Low Energy Bldg. Systems

2.3.1 General Characteristic of advanced & low energy systems

As buildings and systems become more and more integrated and advanced to strive for better
performance and higher energy efficiency, more attention must be given to the dynamic
operation and interaction between systems. Modern buildings use advanced technology to reduce
the energy demand in the first place. Systems are designed and sized close to their optimal
operation point to provide the highest efficiency. Furthermore, systems are integrated to avoid
contradictory or even conflicting operation modes, as well as to use synergies. Examples include
advanced room climate concepts with integrated controls for lighting, daylighting, heating and
cooling; energy recovery in air and water systems; co- and tri-generation.

Another trend in advanced buildings is to use the building fagade and thermal building mass to
provide better comfort in occupied zones. Strategies include passive as well as active elements,
such as natural ventilation; night time ventilation for pre-cooling a building; use of solar gains
for heating; etc. Radiant heating and cooling systems have the potential to provide a high level of
comfort with a low energy demand but require particular attention when it comes to the proper
operation and control. The same is true for Low-Energy systems in general, since these systems
are operated at temperatures close to the demand to provide better efficiency on the generation
side and avoid energy losses on the distribution and terminal side.

Generally, advanced and low-energy systems require a higher level of control and also greater
control accuracy than conventional systems. Not only do they operate with a higher dynamic, but
also within a relatively narrow bandwidth where they perform most efficiently. Due to intensive
interaction between systems, required operations and any interference with it must be based on
sound knowledge of the consequences of any action.
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Commissioning (Cx) for advanced and low-energy buildings must therefore be a planned,
systematic quality-control process with the objective to ensure that all the building’s energy
related systems are installed and calibrated, and perform interactively according to the design
intent and operational needs as defined in the owner’s project requirements (OPR), and specified
in the basis of design (BOD), and construction documents (CD).

The scope of the Commissioning Process follows the level of detail of the entire project delivery
process. At the beginning, the OPRs give a general outline of the project expectation, usually on
a building level. Typical requirements include function and functionality, energy efficiency,
sustainability goals, and, not least, cost. With the BOD, the design team develops solutions on a
system level, such as recommendations and design criteria for HVAC systems, the building
envelope, and the basic concept for controls and building automation. The level of detail then
reaches the component level during design development and the preparation of specifications.
The Commissioning Process follows this gradual development with reviews of the associated
design documentation.

Then, as construction commences, checks and verification begin at the component level,
continue through the system level, and finally are undertaken at the general building level again.
This strategy ensures efficiency in execution, completeness of the review and verification
process, and that associated prerequisites are met for each testing phase. The following diagram
illustrates the general Commissioning Process and the level of detail and focus for each step.

Owner Project Requirements

Time Line

Design Concept & Basis of Design

Design Development & Specifications

System Level
Building Level

Installation Checks & Verification

Functional Performance Tests

Operation Diagnostics

It is critical that owners, design professionals and contractors are involved in this quality control
process, as well as users, occupants, and operations and maintenance staff. Since not all project
team members are available throughout the entire project duration, it is the Commissioning
Agent’s (CxA) function and main responsibility to facilitate and establish communication,
understanding, and information flow between them. Commissioning yields the best results if
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begun early on in the project and integrated in the delivery process throughout design,
construction, performance verification and acceptance until a stable operation of the building
systems is achieved.

Commissioning during design is intended to achieve the following specific objectives:

Ensure that the design and operational intent are clearly documented.

Ensure that recommendations for improvements are communicated to the design team during
design to aid the development of commissioning and avoid later contract modifications.

Ensure that commissioning for the construction phase is adequately reflected in the construction
documents.

Commissioning during project construction is intended to achieve these specific objectives:
Ensure that applicable equipment and systems are installed properly and receive adequate
operational tests by installing contractors.

Verify and document proper performance of equipment and systems through normal and other
likely operational modes necessary to meet design intent.

Ensure that O&M documentation provided to Owner is complete.

Ensure that the Owner’s operating personnel are adequately trained.
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3 Monitoring guidelines and deployment of sensors for existing
buildings

This chapter gives a general overview of problems connected to monitoring and deployment of

sensors in existing buildings and some typical problems related to installation and accuracy.

3.1 Introduction

The following statement is taken from [Kenneth, Gillespie, et al.]’.

“Those who evaluate the performance of buildings and their energy using systems have long
known that it takes the attention of a knowledgeable and dedicated team to obtain the quality of
data necessary to determine how well a building is actually performing as well as identify means
for improving it. This team may include a measurement analyst, instrumentation vendors, an
installation contractor and the owner’s staff. The problem is that buildings are not designed for
measuring their performance. This is particularly true of flow. It is also believed that obtaining
such data is a luxury; that it is not needed for system control or day to day operations.”

This is not only true for existing buildings in the US but likely describes the situation in many
countries around the world.

It is important to understand that the problem described above comprises more than just missing
sensors and measurements. Systematic approaches for the evaluation of data — that go beyond
simple benchmarking - are often missing. Therefore it is often unclear to the building owner or
operation staff which measurements are necessary. Furthermore the unknown cost-benefits of
installing additional measurement equipment present a major constraint.

Ideally, the steps to develop a list of necessary measurements or sensors can be described as
follows:

Identify system to be assessed
This could be the whole building, a subsystem like an air handling unit, or a single
component (e.g. heat pump). At the same time the system limits (in the sense of control
volume) have to be defined

Define specific questions related to these systems
E.g.: “What is the system’s COP?”, “Is the building’s specific daily energy consumption
in an acceptable range?” or “Does the operation mode of the air handling unit fit the
actual limit conditions?”

Define performance metrics that can answer specific questions concerning performance of the
system. This could be anything from simple calculations to complex evaluation routines, (e.g.

'\ Specifications Guide for Performance Monitoring Systems,” ,Kenneth, Gillespie, et.al., CEC PIER-DOE
project, USA, 2007
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from the definition of a generator’s COP to the automated outlier detection for a building’s heat
consumption).

Derive necessary measurements to prepare/calculate performance metrics

The definition of a unified point naming convention is not necessarily needed but might be
helpful — especially for massive systems.

Thus, the need for measurements depends on the system being considered and the questions to be
answered, and, in turn, this choice of systems and questions is often highly dependent on the
available budget. For example: A simple benchmarking for a building’s total yearly energy
demand requires fewer measurements and less budget than comprehensive performance
monitoring of a complex air handling unit. Temporary measurements might cost less than
permanent installations but answer the same questions.

Compared to new constructions, existing buildings pose additional constraints.. For new
construction, monitoring may already be considered during the design phase and thus be
integrated in planning HVAC systems and building energy management system (BEMS). In
existing buildings this is not the case and monitoring has to build on the given system which is
generally not geared for performance monitoring. Depending on the available measurement and
data handling equipment the requirements and cost for additional installations can vary widely.
Furthermore, in existing buildings problems typically arise from the HVAC system’s structure
that can make additional installations difficult even impossible.

So, for existing buildings the commissioning provider and building owner and/or operations staff
must agree on the level of detail for the analysis (i.e. choice of systems and questions) that
correspond to a given budget. From there, a sensor list can be developed. Some iterations might
be necessary to adjust the monitoring system to the budget.

This task is specific to the building and/or building owner. However, as buildings and HVAC
systems consist largely of similar systems, subsystems and components, the question may arise
whether it is worthwhile to provide general guidelines for performance monitoring of existing
buildings, at least for the most typical systems.

3.2 Need for monitoring guideline and present status

A lot of individual approaches for the deployment of sensors have been developed in practice
and in the scientific community (also see Chapter 2). However, more general and systematic
compilations of necessary measurement points and evaluation routines for the assessment of the
performance of typical systems (i.e. monitoring guidelines) are rare.

Clear experience: only main energy meters if at all. Typical questions to ask when assessing
building performance: How much energy is used and for what? What are the operating
conditions (weather, schedules, set points for temperatures and flow rates)?
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Ideally, general monitoring guidelines should include the following for a building’s typical
systems, subsystems and components or HVAC system respectively:

e List of necessary measurements
e Definition of the kind and quality of data acquisition
e Definition of type and quality of data storage and data handling

e Definition of necessary time resolution and duration
O (permanent or temporary) of measurements

¢ Definition of performance metrics and typical benchmark values
¢ Definition of a unified point naming convention
e Examples of applications of the guidelines

The bulleted list above should be defined further for various levels of detail concerning the
analysis to account for varying budgets.

Today, there are only few examples for general monitoring guidelines that cover points
mentioned. Examples of such guidelines are:

3.2.1 SHASE Energy Performance Measurement Manual for Building Equipment
& System- SHASE, Japan

SHASE (The Society of Heating, Air-Conditioning and Sanitary Engineers of Japan) published
the “Energy Performance Measurement Manual for Building Equipment & Systems.” This
manual organizes views on performance grasping methods for air-conditioning facilities and
plumbing sanitary systems, and defines standards of recommended measurement points for
evaluation, deployment of sensors, code name of measurement points, evaluation index, and tips
to evaluate the performance for each sub-system.

3.2.2 “A Specifications Guide for Performance Monitoring Systems”, University
of California Lawrence Berkeley National Laboratory — USA

This Guide defines 3 different levels of performance monitoring (basic, intermediate and
advanced) with increasing levels of detail of the analysis but nonetheless comprising the whole
building or HVAC system. For every level the performance metrics, the measurement system
requirements, the data acquisition and archiving and the data visualization and reporting are
defined. The type and accuracy of sensors are provided as well as a unified point naming
convention.
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3.2.3 “EnOB Monitoring Guidelines” — Germany

These Guidelines specify the requirements for performance monitoring in the German EnOB
program, which is a loan program for the design and construction of low energy buildings. It
defines measurement system requirements and some overall performance metrics. It gives only
one level of detail, that being on the data acquisition system but provides no information on
accuracy.

3.2.4 IPMVP (CN)

The International Performance Measurement and Verification Protocol (IPMVP) describes
concepts and options for determining energy and water savings in buildings. Development of the
protocol is sponsored by the U.S. Department of Energy (DOE) and an international coalition of
facility owners/operators, financiers, contractors and Energy Services Companies (ESCOs). It
gives four options for calculating energy savings:

A: Partially measured retrofit isolation
Savings are determined by partial field measurement of the energy use of the system(s) to
which an energy conservation measure (ECM) was applied; separate from the energy use
of the rest of the facility. Measurements may be either short-term or continuous. Partial
measurement means that some but not all parameter(s) may be stipulated.

B: Retrofit isolation
Savings are determined by field measurement of the energy use of the systems to which
the ECM was applied; separate from the energy use of the rest of the facility. Short-term
or continuous measurements are taken throughout the post-retrofit period.

C: Whole Building
Savings are determined by measuring energy use at the whole facility level. Short-term or
continuous measurements are taken throughout the post-retrofit period.

D: Calibrated simulation
Savings are determined through simulation of the energy use of components or the whole
facility. Simulation routines must be demonstrated to adequately model actual energy
performance measured in the facility. This option usually requires considerable skill in
calibrated simulation.

Depending on the availability of historical consumption data and the kind of energy saving
measure that is to be implemented, various approaches may be chosen. Option A and B deal with
single measures that can be separated by (partial) measurements and thereby determine the
savings that can be gauged. Option C and D refer to the whole building level, so multiple
measures can be evaluated using these options. However, there is no further specification of
measurement or performance metrics.
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3.2.5 CEN standards - Europe

Some European standards encourage use of measurements for their implementation. These
standards are developed for performance estimation of equipment. The standards can be
categorized as follows:

Requirements for inspection

Standards EN 15239:2007 [1], EN 15240:2007 [2] and EN 15378:2007 [3] provide instruction
for ventilation, air-conditioning, and boiler and heating systems inspection, respectively. These
standards support essential requirements of EU Directive 2002/91/EC on the energy performance
of buildings (EPBD) [4]. In [2] it is noted that energy consumption or running time meters may
have been installed on air-conditioning systems. Regular noting of the meters’ readings can help
assess operation of the air conditioning system. Standard [3] lists which measurements are
required or optional depending on plant capacity. All three standards list what should be checked
during inspection, however, measurement equipment and measurement accuracy have not been
defined. Therefore, a guideline on possible measurement equipment for inspection purposes
could be useful.

Advice following inspection

After completion of plant or equipment inspection, recommendations for possible improvement
must be included in the inspection report. Some of these recommendations imply use of new
measurement. For example, the standard for the inspection of air-conditioning systems, EN
15240:2007 [2], states that if there is no energy metering in place, a recommendation would be to
install appropriate energy consumption metering to the largest energy consuming air-
conditioning plant, and subsequently to record the consumption on a regular basis [2]. In
addition, the standard for inspection of boilers and heating systems [3] lists possible
improvements that include measurement of energy use. Although an inspection report includes
recommendations regarding measurement, there is no advice on sensor type, measurement
accuracy and integration.

Testing

Standards EN 308:1997 [5], EN 12599:2000 [6], EN 13829:2000 [7], and EN 13187:1998 [8]
relate to the testing of components. For example, standard EN 12599:2000 [6] is for testing
ventilation and air-conditioning systems. The standard explains measurement accuracy and
different methods together with equipment location for measuring air amount .Standard EN
13829:2000 [7] gives instruction on how to measure infiltrated air amount using pressure
differential. In this standard measurement, accuracy and equipment location are also given. To
measure thermal irregularities in building envelopes a sensor for infrared radiation must be used,
as mentioned in Standard EN 13187:1998 [8]. In this standard, measurement accuracy for
infrared method is given. As these four standards show, standards for testing and measurement
require detailed instruction and requirements for accuracy of measurement. Therefore a new
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guideline for sensors and measurements must include sensor description, so that a proper sensor
can be chosen for a given type of measurement.

Requirements for measurement

In the standard for performance requirements for ventilation and room-conditioning systems,
EN13799 [9], it is mentioned that the design criteria constitute the basis for measurements that
will be carried out during the hand-over process. In addition, this standard gives general
requirements for control and monitoring, and states that a measuring concept shall be identified
at an early stage of the project and necessary measuring devices installed. Even though this
standard gives general requirements for measurement definition in the design phase, there is no
specification on measurement equipment and accuracy. Therefore a guideline for sensors can be
a useful reference to this standard on performance requirements, to support sensor deployment in
the design phase.

Common metrics

All nine standards mentioned can be used for performance verification, inspection, or
measurement. Regardless of the standard purposes, there are some common metrics to be
measured. For example, in standards EN 308:1997 [5], EN 15239:2007 [1], and EN 12599:2000
[6] air flow rate should be measured. In some standards there are parameters that should be
measured indirectly by measuring other parameters, like SFP or equipment efficiency for
example. Since there are common metrics that should be measured directly or indirectly in
different standards, a guideline on sensor deployment as a reference to the above standards can
encourage use of a particular sensor for a given application.

3.2.6 Recommendations

From the experience of the Annex 47 team it seems worthwhile to further develop such
systematic approaches and publicize them for general use. For certification systems like LEED
(USA), BREEAM (UK), DGNB (Germany) or CASBEE (Japan), it would be interesting to
integrate systematic monitoring guidelines.

3.3 Requirements and Problems for Sensor Deployment in Existing
Buildings

3.3.1 Problems installing sensors in existing buildings

Sensing systems are essential for measuring the performance of constructed facilities.
Nevertheless, awareness of performance evaluation is low, and construction cost constraints
often limit the number of permanently installed sensors. This has led to there being too few
sensors in existing buildings.
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To grasp the performance of such existing buildings requires the installation of additional
sensors. The installation of sensing systems in existing buildings involves the following
problems.

1) Budgeting for installation of a sensor system

2) Insufficient space and other constraints in existing facilities
3) The accuracy of added sensors

To understand the current situation, we conducted a survey on sensors installed in existing
buildings to investigate the four points listed.

1) Is the number of sensors installed adequate for energy management?

2) Can additional sensors be installed notwithstanding restrictions such as installation space?
3) Are the sensors sufficiently accurate for energy management?

4) Does installation of additional sensors for energy management require any action by the
building owners, such as budgeting measures?

3.3.2 Results of survey on sensor deployment in existing buildings

The number of responding design offices, general contractors, construction companies,
consulting companies and others surveyed are:

Asia: Japan 60

North America: United States 6, Canada 1

Europe: Germany 1, The Netherlands 1, Belgium 1, Norway 3

The response breakdown is shown in Table 3-1
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Table 3-1 Response rates

North
Asia (Japan) America Europe
Design offices 15% 0% 0%
General contractors 23% 17% 0%
Construction companies 38% 0% 20%
Consultants 5% 33% 60%
Others 20% 50% 20%

The results summary is presented in detail in Appendix 1.
1) Sensor installation situation

The following categorization of Building Energy Management Levels (A to F) was proposed by
the SHASE BEMS Technical Committee and it was used in our investigation of the current state
of energy level management.

[Energy management level]

A. The total amount of energy can be computed for the entire building. (type of energy;
monthly units)

B. The total amount of energy can be computed for the entire building. (type of energy;
daily and hourly units)

C. Energy can be measured or computed by type of use. (E.g.: lighting, air conditioning,
satellites, elevators, etc.)

D. Energy can be measured or computed by system. (E,g.: office system, conference room
system, executive office system, computer room system, parking area system, etc.)

E. Energy can be measured or computed by floor.

F. Energy can be measured or computed for specific machines or subsystems. (E.g.: cooler,
heating system, etc.)

Results show that it is currently possible to compute the total amount of energy for the entire
building for almost all buildings (level A). Nevertheless, less than 50% of buildings have an
energy management level of B, and levels C through F account for less than 30%. Looking at the
proportions for levels C to F by region, we see that Japan has a higher proportion of high energy
management level buildings, (15 to 30%) than Europe (5 to 15%) or North America (10% or
less).

Furthermore, the survey’s respondents thought measurement by use (level C) or daily or hourly
measurement for the entire building (level B) should be considered, wherever possible. Most
respondents in favor of level C considered investigation of energy conservation to be impossible
without measurement by use. Level B respondents considered short-period (hourly) minimum
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sensor measurements to be optimum for obtaining energy consumption trends and profiles,
taking cost-benefit into consideration.

Investigation of problems with the sensing system also produced responses of ‘not enough
sensors’ from nearly all respondents, leading to the conclusion that few buildings have a
sufficient number of sensors installed.

2) Sensor installation space

Existing buildings in which there is sufficient space for installation of sensors is 52% for North
America, 39% for Europe, and 16% for Japan. The problem of space for sensor installation is
particularly prevalent in Japan, because machine rooms are designed to be extremely compact.

3) Sensor accuracy

Very few responses regarding sensor accuracy were obtained. We believe that either the
respondents had low concern for sensor accuracy or had insufficient knowledge of sensor
accuracy to respond.

4) Sensor types and budgeting for additional sensor installation

The results of investigating budgets for the installation of additional sensors for the energy
management levels of items revealed that most budgets approved attainment of level A but full
approval was 50% or less for level B, and full budgeting for levels C through F was 30% or less.

The proportion of full approval for levels C to F is higher in Japan (18 to 30%) than in North
America (20% or less) or Europe (20% or less). Building owners in Japan are more concerned
with energy management than those in Europe and North America.

3.3.3 Requirements for installing sensing systems in existing buildings

From the survey results, we conclude that although existing buildings have inadequate numbers
of sensors, budgets and space are problems for the installation of additional sensors. Problems
for additional sensor installation and countermeasures are listed in Table 3-2 .
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Table 3-2 Problems and countermeasures for installing sensors in existing buildings
Problem Measures
Sensors Transmission System Data Processing
Cost - Fewer sensors - Wireless or power line | - Use of tools

- Simple and quick Installation

transmission

- Use of sensor data
built into devices

Constraints from
Existing Facilities

- Select ultrasonic flow meters
(no need to cut ducts)

- Select pressure differential
flow meters (work with short-

- Wireless transmission

- Open processing via
gateway (BACnet, etc.)
(communication
protocol)

run ducting)

Accuracy - Select integrating - Correction of
calorimeters (calibrated with measured data with
difference in readings of two relative values
temperature sensors)

1) Cost

To conduct a detailed performance evaluation, the number of sensors is increased to match the
desired degree of detail. That, however, is accompanied by an increase in cost. The additional
cost is not only for hardware; high labour costs for installation are included. The following are
ways to reduce the total cost of the sensing system.

Develop tools for checking wiring for errors

Develop simple calibration tools

Use data from sensors built into machinery

Use wireless communication or power lines to transmit data (reduce wiring cost)

Design for later additional installations

5-1 Centralize installation at location of power meters

5-2 Install ducting with straight-run lengths for installation of flow meters

6. Reduce number of sensors (Use minimum number of sensors for the purpose;
standardize sensor placement.)

7. Simple and quick sensor installation

Nk v =

2) Constraints in existing facilities

When installing sensors in existing buildings, certain constraints must be overcome. Examples of
new inventions to overcome these constraints are:

- Sensors
Flow meters such as ultrasonic flow meter that can be installed without cutting ductwork

Flow meters that can be installed within a small space (a short straight-run length) such as a
special sensor that computes flow rate from the relationship between flow speed and pressure
drop
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- Transmission system

Dispersion of sensor locations to reduce wiring cost by using wireless communication, electrical
wiring communication, etc.

- Communication protocol

Data communication with existing BAS, machines, etc. by implementing open protocol
(BACnet, LON, etc.)

3) Accuracy

Under cost, space and other constraints, it is necessary to ensure that accuracy is adapted to
purpose. The way in which overall accuracy of the sensing system is attained is illustrated in

Figure 3-1.

Sensing  Transferring  Analog AtoD Digital data
conversion  conversion tréatment

Sensing error Cable Amplifying Linearity Digit trouble

Output error  '€sistance error error

V fluctuation V fluctuation Sampling error Round trouble

Noise Noise Holding error

Temp drift Temp drift

sample holding  AD conversion

transferring e

conditioner

 ——

Sensing
device analog digital

Figure 3-1 Effect of hidden errors on overall accuracy in the monitoring system

Errors in the sensing system stem from analog errors in the sensing elements and wiring, and
conversion errors when converting the digital signals to analog format. In addition, the measured
values from two temperature sensors in a flow meter are used in computing the amount of heat,
multiplying individual errors. Thus, when performing calibration to correct errors, it is important
to calibrate the sensing system as a whole. (When the combinations of sensor elements, wiring,
AD converters, etc. are changed, the overall characteristics also change, so re-calibration of the
new combinations becomes necessary.) A detail example of error in sensing system is presented
in appendix 2.

Compatibility with existing sensors is also important. Values relative to existing sensors and
sensor validity and correction, etc. should be checked. When measuring temperature difference
with sensors installed at the intake and outlet of a refrigeration unit for example, it is important to
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check sensor accuracy with the refrigeration unit turned off using the difference in temperature
readings of the two temperature sensors to correct the output value.
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4 Cx tools for existing buildings and low energy buildings

4.1 Needs for Cx Tools

4.1.1 Needs from the European point of view. (Neumann)

The term “commissioning” is less prevalent in Europe — though many services offered relate to
commissioning.

The situation in most countries is very different for existing buildings than for new constructions.

For existing buildings, most companies and consultants offer third-party services ranging from
energy concepts to energy audit and performance contracting. However, no general systematic
approach or standardization exists yet. These services are usually individual approaches based on
a company’s expertise and knowledge; so consequently, no tools are distributed or used (except
Microsoft Excel).

For new buildings the situation is different as commissioning is typically not offered as a third-
party service in most countries. Furthermore, in most cases commissioning is only performed
during the hand-over as initial commissioning. This is usually performed by the builder or
planner. In many cases this initial commissioning is only a rough check of completeness of
installation and principal functionality. A commissioning process as described in IEA ECBCS
Annex 40 for new constructions is not usual at all. Tools for a systematic and more standardized
approach are absent here, too.

Discussion on energy efficiency in buildings in Europe grew significantly after the European
Performance of Building Directive (EPBD) came into force. (The Council of the European
Union passed directive 2002/91/EC in December 2002.)

The purpose of the directive is to make energy use in buildings more effective and by that
contribute to reducing green house gases. This can significantly reduce dependence on energy
and provide improved safety.

The directive determines requirements for:

e calculation methodology for building energy performance

e minimum requirement regarding energy performance of new buildings and buildings
comprehensively refurbished

e energy performance certification
e regular inspections or advisories regarding heat boilers
e regular inspections of HVAC systems

In light of this list, the EPBD agrees in principle with the concept and supports commissioning.
Unfortunately, current member states have not implemented this for potential use.
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While commissioning extends over the entire life of a building, certification according to the
EPBD will likely only be performed once. The EPBD does not prescribe an ongoing evaluation
of building performance. Accordingly, certification can only be one part of the on-going
commissioning process.

In the case of asset ratings (theoretical calculation of the energy demand), certification can
deliver the actual building status and a theoretical target value for energy performance. Thus, it
could be integrated in phase I of the development of the on-going commissioning process.

However, asset ratings for existing buildings are currently only prescribed in Denmark and
Austria. Most Member States will have operational ratings (based on utility bills) for existing
buildings, which as currently defined, are not suited for any detailed analysis.

The only systems explicitly dealt with in the EPBD are the inspection of air-conditioning
systems and boilers. The last is implemented nationally, either as inspections or as information,
depending on each country’s need. Again, the kind of inspection and the intervals in most
Member States are not suited to the on-going commissioning process.

For more information, see (www.buildingsplatform.org or www.buildingeg.eu)

Generally speaking, commissioning in Europe is currently a service offered by a few experts
only; many are researchers in that field.

However, a lot of the expertise needed for commissioning is available. But neither consultants
nor customers are familiar with the concept of commissioning. Standardized
descriptions/guidelines and tools that can support a systematic commissioning process are
absent.

4.1.2 Needs from North America viewpoint

Cheaper, more accurate and more robust tools to automate the commissioning process for new
and existing buildings will improve building performance while reducing labour and other costs.
These tools will also help the market better respond to the need for skilled designers,
commissioning providers and operators.

In North America, barriers to assuring maximum building performance exist at each phase of the
building life-cycle:

Design: Owners and designers often ignore the benefits of design stage commissioning activities,
including documentation of design intent and design review to verify constructability, testability,
operability and maintainability. There is a lack of tools for design phase commissioning.

Construction and turnover: Owners often perceive commissioning during construction as an
unnecessary cost. There are insufficient tools to streamline the labour-intensive processes of
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testing and integrating multiple building systems to reduce costs. There is no accepted procedure
for short term testing to compare energy performance against requirements and expectations
developed during the design phase.

Ongoing operations and occupancy: Few maintenance staffs have the time, tools, or training to
perform the ongoing assessments of building performance required to assure the persistence of
energy savings obtained during construction phase commissioning or retro-commissioning.
Simple or automated diagnostic tools are necessary to make ongoing assessment easier and more
cost-effective and reduce or eliminate the need for repeated retro-commissioning.

Four areas of tool development needs were identified by a US Department of Energy
commissioning and diagnostics research team,.

1. Design Intent Documentation Tool

The documentation of design intent is a key element of commissioning, and one often
overlooked. It is an effective means of communicating important information to operating staff,
and others, who might not otherwise receive it. Design intent documentation also provides a
useful communication tool among members of the design team and between the team and the
building owner.

There is a need to provide tools to streamline and reduce the cost of documenting design intent.
Lawrence Berkeley National Laboratory created Design Intent Tool (DIT), which provides a
structured approach to recording design decisions that impact a facility's performance in areas
such as energy efficiency. However, this tool is currently configured for use with hi-tech
buildings such as data centres. The Design Intent Tool needs to be reconfigured for common
types of commercial buildings and its usefulness tested in a range of situations, and promoted in
the industry for widespread use.

2. Automated Functional Testing Tools

Presently there are almost no commercially automated functional testing tools available (the
exception is a VAV box tool produced by Siemens). Instead, functional testing is a process that
is time-consuming and costly, relying on commissioning providers or skilled technicians who
manually test each system and how it interacts with other systems.

LBNL is developing automated and semi-automated versions of a functional testing tool for air
handling units that focus on detecting and diagnosing faults in mechanical equipment. Limited
testing has been performed; enough to demonstrate proof-of-concept, but there is a need for more
comprehensive field testing. There is also a need to broaden the scope of these tools to include
testing of controls, other systems and subsystems, including systems in low energy buildings,
and operation at the whole-building level.

3. Existing Building Commissioning Cost-Benefit Analysis Tools
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Existing building commissioning providers are often faced with a challenging problem. They can
identify performance issues, and the necessary corrective measures, but have difficulty
quantifying savings without spending a considerable amount of time on calculations or models.
Without these savings figures, they find it difficult to convince the building owner or utility
sponsor that the implementation cost is worth the benefit.

Analysis tools are needed to help commissioning providers quickly calculate the energy savings
from measures for common and low-energy building systems. Several benefits would result from
this streamlined, standardized method of energy savings analysis. At the project level,
commissioning providers will be able to provide the information to building owners with data to
make implementation decisions, resulting in a higher implementation rate and increased energy
savings. The tools will also allow providers to spend less time performing calculations and more
time assisting the owner with implementation.

4. Automated Fault Detection and Diagnosis (FDD) Tools

Few commercially available automated FDD tools exist in North America; tools that are
commercially available are not yet widely implemented. Prototype tools exist and field testing is
underway for specific systems. For example, embedded FDD for AHUs and VAVs is being
tested with several controls manufacturers. Demand for these tools is increasing as users see the
benefits of continuous monitoring. Current R&D is underway to develop/advance FDD tools,
and in the next few years, it will be necessary to extend diagnostic capabilities to additional
components that impact operational performance, as well as to the broader, whole-building
energy view.

More diagnostic products are needed with tools geared to user needs, specifically:

Simplify current tools for ease of installation and use by building operators or consultants
Define/develop ‘dashboards’ that link to benchmarks
Identify malfunctioning components

Track persistence of savings over time
4.1.3 Needs from Japanese viewpoint

The term “commissioning” is becoming popular in Japan. However, although defined in the
SHASE guidelines, the meaning and scope of commissioning varies from engineer to engineer.
Recently, energy saving services for existing buildings along with pioneering research work has
both been done in the name of commissioning. For these projects many kinds of commissioning
tools are used. In most cases computer simulation to estimate performance of HVAC systems or
sub-systems and visualization tools are used as a commissioning tool. To date, a variety of FDD
tools have been developed in research but their use in real projects is rare for these reasons:
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No commercial tools are available.

Interface to supply measured data to tools is not provided or inefficient. Users must develop the
interface as an extra task.

Using tools requires too much experience or training.

Integrated commissioning tools which can test a variety of HVAC components or sub-systems
all at once are not available. This means that tool usage is cumbersome.

The first trial of a functional performance test (FPT) in a real building is planned as a research
activity of the SHASE commissioning technical committee (TC) in July 2009 in Japan. This will
provide an opportunity for a trial use of several commissioning tools to test their performance
and determine needs for improvement. BSCA (Building Systems Commissioning Association) is
planning a web site to distribute tool resources to volunteer users in collaboration with the
SHASE TC.

Japanese energy conservation regulations were revised in 2008 and became effective April 2009.
The new law requires building owners to report the total energy consumption by summing up all
consumptions used in every building owned or rented by each organization. Prior to the revision
the report only required reports from building owners whose building energy consumption
exceeded a fixed level on the basis of each building. To comply with this revision the installation
of measuring systems for energy consumption becomes an inevitable issue, especially in rented
buildings and, if a measuring system can only measure the total consumption of a building, a
software tool is desirable to estimate subdivided energy consumption per tenant from the total
consumption. For example, for an air-conditioning system which serves many tenants and only
the total energy consumption is measured, commercial software is available to estimate tenant’s
energy consumption based on operation time measurement. Software tools to sum up all energy
consumption of a large number of rented areas and provide the summarized information to
building users to encourage reducing energy use are going to increase sales as such services rise.
This kind of management tool is a very useful tool to rationalize commissioning work and, as a
result, helps to expand commissioning.

ESCO (Energy Service Companies) is the most common practice for energy conservation in
Japan. In ESCO, estimating the baseline of energy use is a key, however, few reliable estimation
tools of the nature of a commissioning tool have been developed. There is a need for tool
development for application in existing building commissioning as well.

4.1.4 Needs for Existing Building (EB) Cx tools

Existing building complexity is growing, so new faults occur regularly. In the near future, energy
savings will be obtained mainly through optimal control and early fault detection of building
HVAC systems as mentioned in Hyvarinen and Karki [1]. Optimization and FDD tools have
been seen as promising Cx tools for existing building. Many examples of both optimization and
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FDD tools are found in the literature on existing buildings. Before the needs for existing building
Cx tools are discussed, a brief overview of some Cx tools will be given.

Since the existing building energy management control strategies are mostly heuristic, there is a
need to systematically examine and improve them, as mentioned in Haung et al. [2]. For
example, Lu et al. [3] used a modified genetic optimization algorithm to find the optimal set
points of the controllable variables in an HVAC system with cooling coils. In order to obtain
effective energy management for an existing HVAC system, an evolutionary programming
algorithm was coupled with the simulation tool to provide the optimal combination of the chilled
water and supply-air temperatures in Fong et al.[4]. A model based supervisory control strategy,
which use a hybrid optimization technique, for online control and operation of building central
cooling water systems is presented in Ma et al.[5]. Common for the above tools is that some
optimization methods were implemented to find optimal control strategy for HVAC systems,
while the methods have not been integrated to BEMS and they have not been widely
implemented.

Most FDD tools are based on combinations of predicted building performance and a knowledge-
based system. Principles and application of six FDD tools are compared briefly here. A model-
based feed-forward control schema for fault detection is described in Salsbury and Diamond[6].
An example of monitoring-based commissioning by use of information monitoring and
diagnostics system (IMDS) was reported in Haves et al [7] and Piette et al[8]. FDD tools can use
the statistical classifier, as reported in the following methods: principal component analysis
(PCA) method for sensors as presented by Wang and Xiao[9], the combination of model-based
FDD (MBFDD) method with the support vector machine (SVM) method as presented by Liang
and Du[10], and the transient analysis of residual patterns as presented by Cho et al.[11]. Air
handling unit performance assessment rules (APAR) is a fault detection tool based on expert
rules [12]. Even though all the above tools are robust in solving problems, they are still not
widely implemented.

Katipamula (Katipamula and Brambley 2005, part I; Katipamula and Brambley 2005, part II)
gives a summary of the situation of FDD in buildings, which is also independent of the IEA
ECBCS annexes. In a review article he evaluates over 100 publications on the topic.

He finds that most of the studies completed at the time of the publication (2004) were concerned
with individual components or systems. In his article he only presents works which deal with
compact air-conditioning equipment, heat pumps, compression chillers and air handling units.

Most of the studies deploy simplified physical models (white box) or black box models in the
form of regression models, neural networks or ARX models. Detailed white box models are
rarely used.
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It is mainly classification methods that are used for diagnosis, giving the character of the
residuals (difference between the output signals of the model and the real system). The
procedures are used to detect faults with characteristics that are known from experiments or
simulations. Although most authors (irrespective of the procedures selected) report that the
procedure they used was able to detect the faults sought, Katipamula objects that most surveys
were only carried out in the laboratory and not in the field.

Moreover, Katipamula arrives at the following results:

Very few products for FDD exist on the market and these are usually specialised (for individual
components) and not automated.

The (automatic) generation of fault threshold values for detecting faults has not yet been studied
in depth, but represents an important aspect in automation.

The calibration of models requires training data on correct operation. To apply the model on a
broad basis it is necessary to develop the model either during the manufacture of the components
in the factory, or automated during operation (online). There is still a need for research,
particularly on the second approach. Deployment in existing buildings is seen as problematic
because measuring data for correct operation is required for the calibration of the model. In
existing buildings it is much more likely that equipment and components were not being run
correctly before an energy audit.

Most of the studies mentioned work with procedures for fault diagnosis, whereby significant
faults arising singly can be detected. Detection of several faults arising at the same time is
thereby not possible. There is also a need for research in this area.

In general, the amount of measured data available in buildings and its quality is low. The
development of cost-effective and reliable sensors is therefore an important step to the spread of
FDD in buildings. The gradual introduction of open communication standards in building
technology is seen as a major opportunity.

There is not enough information on the cost-benefits relationship of FDD in buildings.

In Katipamula’s view there is a great need for research in the field of FDD in buildings,
particularly with regard to practical use and automation.

Based on the existing building needs and current research on FDD and building optimization,
needs for Cx tools can be classified as follows:

e Faults in operation

Faults in operation can appear due to different reasons, for example faulty construction,
malfunctioning equipment, incorrectly configured control systems, and inappropriate operating
procedures [13]. In addition, due to abnormal physical changes, ageing, or inadequate
maintenance of HVAC components, HVAC components easily suffer from complete failure
(hard fault) or partial failure (soft fault) [9]. Since buildings are exposed to different conditions
and are used by human, many different faults can always appear.
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e Continuous building change

The trend with existing buildings is to have them refurbished, renovated and extended;
consequently they are acquiring new functions. When a building gets a new function, it is
necessary to update that function in a Cx tool . Although a new function may require a new Cx
tool for both optimization and FDD, in most of the cases the existing Cx tools can treat the
function because of its similarity with the existing. Consequently, development of tools that
enables common use is needed to adapt with continuous building change.

Change in the existing building use

An existing building can change purpose completely or partially due to different factors (change
in building use, change in building tenants, extension, etc.). To ensure the performance of the
building, commissioning should be performed at each change. This required a financial and
labour investment, specifically when the process is done manually. This issue can be minimized
by implementing Cx tools which rationalize the work by performing optimization or FDD work
at each occasion of changes or even better continuously. In such case, automation of Cx tools is
an valuable feature.

e Automation of the Cx tools

Technology is available for greater application of Cx tools, (wireless communication, data
management, web-based communication, etc...) and for their automation. R&D of automatic
commissioning is increasingly active. When complete automation is achieved, easy
implementation and application of Cx tool in day to day operation will be the reality.

e New technologies

Development of new technologies in HVAC systems, building construction and communication
necessitate the development of new Cx tools. Currently, web-based databases allow for wider
use of energy monitoring. For example, development in data management and web-based
technologies provide an opportunity for new Cx tools, while existing Cx tools should be adapted
accordingly.

4.1.5 Needs for Low Energy Building (LEB) Cx tools

Buildings equipped with new HVAC or energy systems such as high COP chillers, inverter
controlled pumps and fans, photovoltaic cells, co-generation equipments, etc. as well as
environmentally enhanced functions that use natural ventilation, high air tightness and thermal
insulation, solar heating, day-lighting, ground thermal energy storage, etc. are characteristics of
Low Energy Building (LEB). Commissioning work of these non-conventional systems and
building functions is not easy compared to conventional systems and buildings. Work will
improve significantly when tools with the following features are available.

1) To estimate system and building performance under given operational conditions,
including weather conditions, in order to test that performance meets design requirement.
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2) To carry out FDD of sophisticated systems and building functions.

3) To optimize HVAC and energy systems by the use of simulation.

The reason tools are useful in commissioning is not only due to the sophistication of systems and
buildings but also due to the impossibility of optimization in practice using the system itself. An
example of this is the air-conditioning system with seasonal energy storage. Cool energy is
stored in the ground in winter and discharged from the ground in summer. The efficiency of the
system is determined by the amount of flow rate and the temperature set point of the circulated
cold water. The optimal values can be obtained by carrying out experiments many times with
different values but one experiment requires one year. This means that getting optimal values is
impossible in a practical sense; simulating system performance is an effective approach to solve
it.(CN: I think most on-going Cx tools for existing buildings also fit LEB but the utilization of
low energy systems and environmental energy sources require additional tools, especially for
optimization)

In this report, Cx tools are classified into two categories; visualization tools and automatic tools.
Visualization tools display the performance of an HVAC system in order to detect faulty
operation or energy loss. In this case the ability of a tool depends on how adequately selected
data and a graph type visualize the symptoms of various faults clearly and effectively. Automatic
tools are more sophisticated and can detect faults automatically using computer software. Many
Cx tools were developed in previous Annex activities such as Annex25, Annex34 and Annex40,
however, most are currently only available for conventional HVAC systems and do not address
relevant advanced systems and system combinations in low energy buildings (LEB).

4.2 Visualization of Data and Results

Building automation systems (BAS) and building energy management systems (BEMS) have
been used in buildings for several decades and are especially important for modern facilities with
advanced and low energy building systems. BAS measure, process, and monitor a huge amount
of data to operate the building and systems more or less properly. Often, the data is only used to
signal failures or break-downs of systems or components. Further information of the data to
analyze and diagnose the building operation is not used due to the lack of analysis methods and
tools.

Advanced visualization techniques can be used to display the information that is hidden in
performance data and/or the recorded operation data of buildings and systems, and, thus,
valuable for commissioning of buildings and systems. Different diagrams and plot types yield so
called operation patterns, which help to recognize and analyze large amounts of data, their
correlation, frequency, as well as other useful statistical information, quickly. These operation
patterns allow us to evaluate the quality of operation and to identify optimization potential by
comparing them with optimal and/or anticipated operation patterns. Furthermore, the quantity of
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optimization potential can be estimated by additional visual or additional numerical analysis of
the deviation between optimal and real operation patterns.

The visualization is also relevant for transporting data and information from design analyses,
such as simulation and modelling, and to make this information available in subsequent project
phases.

4.2.1 Classification of Visualization Techniques

Depending on the system to be evaluated, the questions to be answered and the time resolution of
the measured data or analysis, different visualizations can be used separately or in combination.

Principally, visualization techniques can be used to show:

Change of variables over time

Relations between two or more variables
Statistical information / distribution of values
Spatial information/distribution
Partitioning/percentage share of properties
Comparison of scalars (elements of different size)

Process / information flow

Each of these techniques will be explained later on.

Before being able to visualize data, often significant pre-processing is necessary, which in effort
and complexity can far exceed the actual task of displaying the data. Starting with raw data e.g.
from a BAS or BEMS, typically the following pre-processing might be necessary:

Plausibility check
(e.g. remove gross outliers)

Change the time resolution of data
(e.g. condense 10-minute values to hourly or daily values)

Filtering

“Filtering” denotes the creation of a subset of data that satisfies a certain condition (e.g. subset of
the measurements of energy consumption below a certain outdoor air temperature or at a certain
operation mode). Thus, the behaviour of variables under certain boundary conditions can be
studied.

Grouping
Data can be grouped according to certain ‘conditions (e.g. heating energy can be grouped for
workdays and weekends). Different operation modes can thus be compared.
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Filtering and grouping are particularly important to extracting information from measured data,
e.g. to show average supply temperature of a heating circuit working independently of the pump
control signal.

Additional pre-processing is frequently performed for performance analysis.

Data conversion or creation

Converting measured raw data into a value with a different or specific unit is often useful
for analysis. For example, converting the unit of “electrical energy consumption in kWh”
into “energy consumption per unit area in kWh/m2”, or “fossil fuel consumed in whole
building in kJ”, or “emission of global warming gases per year in kg-CO,/year” is often
performed. Creating a new value, such as the COP of a chiller or the WTF/ATF value of
an air/water distributing system, using the relevant data, is also needed for performance
analysis of a component or a system.

Taking difference between values
Using a new variable by taking the difference between two measured values often enables
effective analysis rather than using a single raw data. For example, differences between
inlet and outlet temperatures can show the performance of a chiller or an air-handling
coil. The difference between a measured value and the control set point of the value is
effectively used for FDD because the magnitude of the difference can easily show a
faulty operation.

The kind of variables that should be used for a visualization tool is a critical issue. If an
inappropriate set of variables are selected, useful information will not be extracted to detect
faulty operation or evaluate performance.

Besides the data pre-processing mentioned, the following aspects should be considered to design
a visualization tool.

Tool aim
In some tools, measured variables are shown without clear objectives and the tools have
no effective use. The purpose of a visualization tool must be as clear as possible.

Tool Users
The type of visualization technique used depends on the end user. Current visualization
tools are designed to be used by maintenance staff. However HVAC system designers,
construction engineers, building owners, tenants, etc. should be involved in actions to
increase energy performance. For example, showing energy costs visually to managers is
important because they are responsible for budget planning. Appropriate visualization
tools for all stakeholders are crucial.

Software to build tools
Commercial spreadsheet software such as Microsoft Excel is used often in data handling
and graph drawing. Although ease of use is a great advantage of this kind of software,
limited capability in graph design and data handling is a problem. Use of a sophisticated
data base system like SQL and specialized graph drawing software should be considered
in tool development. This issue is discussed extensively in Annex 47 of final report 4.
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4.2.1.1 Change of variables over time

Conventional time series plot

Time series plots are probably the most typical way to display data. The plots show the
change of one or more variable over time. As shown in the example, plots can also be

stacked.
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These plots are used to evaluate trends, profiles or step-like changes of the variable
in time. A significant amount of pre-processing might be necessary if the time
resolution of the raw data differs from the time resolution for the display.

However, time series plots do not easily reveal the interrelation between two or more
sensors in the displayed data.

Carpet plot

Carpet plots are used to display (long) time series of a single variable in the form of a
color map, which often reveals a pattern (like weekly operations).
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These plots are often used to identify operation and occupancy schedules.
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Figure 4-1 Ideal carpet plot example (e.g. a fan running Monday to Friday from 8.00 to 18.00.)
The course of each day runs along the y-axis from the “bottom” (y=0:00) to the “top” (y=23:00) and
days are plotted next to each other accordingly on the x-axis. Measurement values are portrayed in
different colours. For days with a similar course of measurement values the colour pattern is
respectively similar. Such patterns can be visually identified quickly.

This kind of plots helps to identify occupancy and operation schedules; the time resolution is 1 hour

o
S

20
18 —
> 165
= 14 g
e 15 12
o 10 1.0%
= 08
3 06>
£ 5 043
02F
0 0.0
360
Z
5 =3
T
- 15 240_2
° 0 200 3
3 160 o
2 s 120
80 o
0 =
400
360
i 20%
-
S 15 280 Z
5 240 5
200 @
10 T
5 160 =
<] 120 &
c 5 g0 =2
o 40
208
20} =)
o) 16 &
;15— 12 3
8 &
0} &
5 45
2 st 0§
495
0

Feb 08 Apr 08 Jun 08
Figure 4-2 Carpet plot for real weather and consumption data.

This plot depicts an actual example. Naturally, the patterns are more blurred as in the ideal
example.
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Layer graph

This type of graph represents a time-series progression from changes in the thickness of
each layer, with the objective of showing transitions in the total amount and breakdown
of each item.

Time is plotted on the horizontal axis, measurements on the vertical axis.
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4.2.1.2 Relations between two or more variables

Correlation plots can be used for the following purposes:

1. To show correlation between controlled and controllable parameters (for example

between outdoor temperature and desired or achieved supply air temperature, CO; level
and air amount, etc.);

2. For energy auditing of one or many buildings (for example to show correlation between
the yearly consumption and the floor area);

3. To present scatter diagram (the manufacturer’s catalogue values can be compared against
measured data enhanced by regression lines and presented as the correlation plot).

Scatter plots

This type of graph plots values for items that are thought to be mutually related as
distributions along the axes.

Scatter plots show the dependency of two or more variables. Additional information can
be gained if the values are grouped (e.g. grouping by day or by a certain operation mode).
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Potentially, several scatter plots can be combined to scatter plot matrices to show the
interdependency of more than 2 variables.

With the bottom-up approach, this is often used for clarifying details about the subjects
being compared, such as the manufacturer’s catalog values. A typical usage in a top-
down approach would be to generate so called energy signatures (energy demand plotted
against outdoor air temperature)

With the addition of regression lines, it can also be used in the analysis of trends or the
development of simulation models.
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Figure 4-3 Scatter plot of energy and water consumption versus outdoor air temperature, grouped
by workday and weekends.

These plots help to identify weather dependent control strategies. The time resolution for these
plots is 1 day. Each dot represents a daily mean value.

The plots are also called signature or — for energy — energy signature.
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COP of the Heat Source ATF of Supply Air Fan
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The graph on the left shows the scatter plot of COP distribution by change of outdoor air
temperature, and the right shows the scatter plot of ATF distribution of heat load change. These
plots help to detect failures or performance degradation.
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The graph on the left shows the scatter plot of control error by set value of room temperature.
This plot helps to detect failures or performance degradation.

The graph on the right shows the regression analysis result of energy consumption of a supply air
fan. The thinner curves indicate confidence range of a fault. Faulty conditions can be statistically
detected by the existence of operation points plotted outside the confidence range curves.
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42.1.3 Statistical information/distribution of values

Histograms

A histogram is one of statistical graphs with frequency on the horizontal axis and series
on the vertical axis, which visually represents the frequency distribution.
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Descending-order graph
This type of graph plots data for an item in order of size.
This is often used for confirming trends in periodic measurements, regardless of the

approach used. With a single graph, it’s possible to comprehend time-oriented trends or
perform annual comparisons.
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Portfolio

This type of graph shows growth rate on the vertical axis and share on the horizontal axis.
The circles represent result values.
This enables one to clarify the growth level, importance, and location of the point.
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Box-plot

This graph type presents statistical data and confirms trends. .
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Figure 4-4. Box plots on daily basis
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Heat and Electricity consumption on different weekdays. The boxplots shows the difference in

consumption between workdays and weekends and daily distribution.
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4.2.1.4  Spatial information/distribution
Maps

Metrics on a map help to understand spatial distribution of statistical values.

population

Pictures (e.g. infrared photographs)

Pictures can show heat distribution image by analyzing infrared rays radiated from an

object.

o

40.0

(@]

37.8

35.5

33.3

31.0

28.8

26.5

243

22.0

54

May 3, 2010



3D images/ visualization

3D images can show environmental characteristics schematically. The following pictures
are examples of the results of CFD analysis representing wind direction, strength of
airflow, and temperature distribution by colours and arrows (vectors).
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Contour plots can make attribute and distribution situation sensuously understandable
with connecting points on a figure that have the same temperature.
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4.2.1.5 Partitioning/percentage share of properties

Pie chart

Pie charts show proportions of each value of the total in a circle format .

100% stacked bar chart
This chart is also used to show the proportion of each value.

Proportions are often plotted along the horizontal axis, with the items being compared

along the vertical axis.
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stacked bars (eval. normalized)

Stack bars enable comparisons of structural elements, characteristics, or transitions of the

items being compared, because the quantities of each part of the items are piled on top of
each other.

The items to be compared are often plotted along the horizontal axis, with measurements along
the vertical axis.
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Clustered bar chart enables comparisons between items and of overall quantities, with a
number of data points associated to each item.
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4.2.1.6 Compare scalars (elements of different size)

Bar chart
Bar charts compare magnitudes of simple values, and trends over time such as by month.
The items to be compared are often plotted along the horizontal axis, with measurements
along the vertical axis.
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This type of graph is designed to compare the magnitude or quantity of a number of items
in a comprehensive manner.
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4.2.2 Example of Performance Evaluation Process using Visual Graphs

1) Data Management
It is advisable to organize the applications of commissioning tools and evaluation indices
according to the actual commissioning procedure and the parts to be studied, and clarify
evaluation references and other criteria beforehand. An example of energy flows and
measurement design in the commissioning procedure is shown.

year month day hour
What is the tendency to
uy s Hergy consump tion
Building sccording

o season and hour?
floor
room
zone

Which part is energy used? What is a cause with energy consump tions?

Figure 4-5 Example of commissioning procedure
( Classification of entire system, and hy energy tvpe ]I

-Measure the energy consumption of the entire building in unite of houts
ot days.

-Understanding the energy consumption state of the entire building makes
it possible to optimize energy contracts

-Analyze consumption trends for each season, day of the week, and time
band, and select the optimal energy contract.

-The reporting regquirements of the Rationalization in Energy Use Law  do not apply at this level.

( Classification by energy application ]I

-Dietermine the energy consumption for each
application I

-Understanding the energy consumption for each
application makes it possible to select effective |
BLLENZY-SAVING Measures

-Compare with other buildings and select approptiate energy-saving

measures to suit the wilization of the building, such as: if the

energy consumption of lighting is high, exchange the lighting

Classification by energy system ]I

(

I
-Determine the energy consumption of each : i
system. |
-This mekes it possible to diseover problem
areas and select locations to implement

N Coolifg water Elevator

Hot water . _# Kitchen
L T Communication

eic...

NeTEY- SAVING Mmeasures. e

-Once some areas for energy-saving measures have been selected,
whether or not the measures really are effective can he assessed
by determining the state for each system.

-The system to be dealt with first can be identified by comparing a
tmatiber of systems.

( Specific equipment or floor units ]I

-Measure specific items of equipment or . i i i
representative floors [im i equipment| |equipment| | pump | | | () () ) () E

-This makes it possible to decide on update or | m" . ! i - '
ovethaul, by performing efficiency E ! i ! AC entilation) | LiEiMINE Outlet !

management on the heat source equipment. . ! ! i

__________ [ gupmy  pmpmpnpnyd PR L

-It is also possible to check behavior in more d
measurements on a representative flooy, which enables
optimization of the operations of facilities and parameter setup

Figure 4-6 Example of energy flow measurement design

2) Example of Performance Evaluation Process
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a) Case example of evaluation of entire building

Summary

Indices

Evaluation Method

26, 000m*

» Compare the primary
energy consumption with
those of other buildings of
the same type.

« Scatter diagram with total
floor area plotted along the
horizontal axis and
equivalent primary energy
consumption along vertical
axis.

* Remember that the
characteristics of the
buildings used for
comparison are not clear.

» Amount of incoming
electrical energy

* Amount of gas
consumed

* Amount of mains water
used

» Amount of chilled water
received (with DHC)

* Amount of steam
received (with DHC)

« For the same applications,
the plots will be close to the
regression line.

« If the amount of energy
consumed is greater than that
of other buildings, compare
details and detect problem
areas.

(EAHRE. )

i

e

e
= nEnar

e £ PR
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e e

* Determine time bands in
which consumption is
highest, from the trends in
amounts of electrical power
(or gas or oil) consumed in
the entire building.

« Estimate energy saving
and load equalization items
from the consumptions for
each application.

» Compare load fluctuations
by plotting data such as load
ratios in a clustered bar
chart.

» Amounts of incoming
electrical energy, gas,
and oll

» Amounts of electrical
energy, gas, and oil
used in applications

« Detect whether there is a
peak.

« Perform load equalization,
with the aim of reducing
installed capacity and energy
costs.

« Compare daytime and
nighttime consumptions for
hourly rates, or
workday/weekday
consumptions for daily rates.
« Understanding the load
increase/decrease
characteristics will facilitate the
progress of energy-saving
investigations.

* Assess by a number of

» Amount of electrical

« Assess by a certain period of

-
[ TR [ ame | wm | om items rela.ting to energy energy timg, such as in one-week
T oo consumption, such as * Amount of gas units.
2L I e = pee quantity used, timing, and * il « Set target values before
| —#ehn ||| T %L = specific time efficiency. » Amount of heat implementing energy-saving
el ey =y + Confirm all of the results of | generated by heat measures and assess
= e comparing the energy source increases/decreases: then set
” e e consqmptlon state of . EIectnca] power further target Yalues in
T electrical power, gas, etc., consumption accordance with PDCA for the
ZH T e (o L8] e b= || with reference values. energy-saving measures that
T ey 1 ey B e Y set target values.
zom Lo e
* Select items for the focus » Amounts of incoming » Make rough estimates of the
SCHFRY of energy-saving efforts, electrical energy, gas, effects of energy-saving

from the proportions of the
amounts of electrical power
(gas, oil) consumed by the
entire building.

» Determine changes in the
overall consumptions and
changes in the proportions
of energy consumptions for
the entire building caused by
reductions, by comparing
data before and after the
implementation of energy-
saving measures.

* Select items to be
measured.

and oil for the entire
building

* Amounts of electrical
energy, gas, and oil for
each application.

measures from changes in the
amounts of energy consumed
and energy saving ratios.

« Compare proportions by
application before and after
the implementation of energy-
saving measures, and confirm
any effects on other
applications due to those
measures.

« Investigate measures aimed
at items which always have
the largest proportions, to
maximize effects of the
energy-saving measures.
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b) Case example of evaluation for each item of application equipment

Graph Summary Indices Evaluation Method
S Study energy consumption » Amount of incoming + Confirm compliance with different
--;_‘7_-';' o e —— trend management for a electrical energy types of control, by consistently

i H—!I lh!i I
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single building and a number
of buildings, heat source and
air-conditioning trend
management for facilities
(confirmation of actual
performance in operation
and operating state), and
evaluate energy savings.

» Amount of electrical
energy per application

« Cooling/heating water
temperature of facilities

* Cooling/heating water
flow rate of facilities

« Indoor environment
* Operating time of
facilities

determining operating state of the
various facilities, in addition to
determining energy usage state.

+ Evaluate by comparisons with past
data, catalog values, other property, and
with design values, and improve
maintenance and operating methods.

(TR-2 MrEMmCOP)
sagoan

T sanam

* Calculate and compare
contribution ratios for items
that can be assumed to
have causal relationships:
chiller COP, chilled water
outlet temperature, and
coolant water inlet
temperature.

* Assess if causal
relationship exists for each
item, by displaying data on a
radar chart.

* These results can be used
when analyzing various
causes, by varying objective
variables and explanatory
variables.

» Amount of heat
generated and power
consumption of each
chiller

« Chilled water outlet
temperature, chilled
water inlet temperature,
chilled water flow rate,
coolant water inlet
temperature, chiller
evaporator temperature,
chiller condenser
pressure

* Ensure that it is possible to create
graphical displays selected from a large
number of target items, so that even
managers with little specialist knowledge
can extract items with large contribution
ratios.

* In determining specific operating
conditions for efficiency improvement,
create a scatter diagram of items with
large contribution ratios and chiller
COPs, for further study.

LR

FARRGIH

* Optimal tuning of heat
source equipment of thermal
storage tank system

* Tuning of heat source
equipment to suit actual
loading

* The points are the
start/stop points of the
follower operation
equipment.

* Amount of heat
generated by each
equipment item of

» Amount of heat
remaining in thermal
storage tank

Check that no residual storage occurs.
The system operates optimally if the
combined ambient temperatures are at
design values. If there is residual
storage, follow the procedure below to
modify the control parameters.

Summary

Indices

Evaluation Method

« Check that the system that
controls increases or
decreases in the number of
chillers in operation
depending on the cooling
load is operating correctly.

* Ameliorate any drop in
efficiency due to low-load
operation of the chillers.

* Cooling load

* Quantity of heat
generated by chiller
« Chiller state (on/off)

« Since changes in load ratios when a
number of chillers are operating will vary
with different control methods, make sure
that control specifications are reflected in
the displays of target values.

* When modifying the operating order by
rotating the units, change the stacking
order in the corresponding graph.

» Sensor measurement
compliance evaluation

* When using BEMS to
analyze and evaluate data,
ensure data measurements
are compliant.

All measurements from
sensors and meters

» Compare all values with their design
values.

* Review all data to verify there are no
major errors.

« Evaluate/examine the various sensors'
connections at different locations, before
evaluating equipment COPs.
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4.3 Automated Tools

4.3.1 General Features of EB and LEB Commissioning tools

Eight categories for discussion are used when describing features of existing building (EB) and
low-energy building (LEB) commissioning tools: objectives, functions, data-management,
implementation, operability, analytical engine, end users, and benefits.

Objectives

The objectives of EB and LEB commissioning tools are diverse. However the main objectives
are estimating design performance, detecting faults and diagnosing (FDD), optimizing HVAC
operation without sacrificing room environment, and auditing energy consumption based on
statistical or simulated reference values. Tool targets range from whole buildings to components,
in addition to control systems. Some sophisticated tools will have multiple objectives, for
example from fault detection to optimal operation. Specific tools will have a single objective
such as analyzing the performance of a natural ventilation system. Conventional tools could be
easily applied to EB with minor modifications; however tools for LEB should incorporate new
features.

Section 4.3 discusses 18 new tools developed in Annex 47. Table 4-1 shows the objectives of
each tool. The number of commissioning tools aimed at LEB is low and only one tool exists for
LEB commissioning in design review.

Functions

Each commissioning tool has a variety of functions to achieve its objectives. Verification tests
using results from simulation or statistical analysis is the basic function of a tool when
performing FDD, building optimization and HVAC systems and design review. As seen in
section 4.2 on HVAC systems performance, verifying test results, fault existence, etc. by visual
and articulated graphs, charts and tables is another important feature function of tools. Although
most tools can produce commissioning reports with little labour cost through computer use, this
type of auxiliary function is highly appreciated in real applications because of the importance of
budgets.

The functions of a sophisticated tool are often complex. Explaining the functions and structure of
such tools with any accuracy verbally is difficult. In this report an IDEF0O model is used to
systematically explain Cx task’s complicated structure. IDEF@ is a method designed to model
the decisions, actions, and activities of an organization or system. IDEFO was derived from a
well-established graphical language, the Structured Analysis and Design Technique (SADT).
Precise explanation of IDEFO is in Report 4 of Annex 47. Figure 4-7 Example of IDEFO (The
left-hand figure shows the root level and the right-hand figure shows the expansion of function
A. Each box can be further expanded into detailed sub-functions as shown on the right.), shows
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an IDEFO0 model for the tool used to optimize an HVAC system with ground thermal storage
system. The left-hand figure shows that the tool estimates the optimal operation values (output)
from the point of view of energy conservation. Optimal values are obtained using:

1) weather conditions and room air conditions (input);

2) various set points, operational conditions and system specifications (control); and

3) system models and software programs (mechanism).
In general, IDEFO expresses the parameters including mechanisms and controls, at the top and
bottom of each box. The controls represent the application’s related constraints (cost, time,

regulations, etc.). Mechanisms are resources (tools, methods, etc.) that enable the application to
work.

Used A1 Author ;M. Meyata and M. Yoshida (Kyolo Univ_ JPH) | Date: Oct6th, 2008 | Contest Used A1 Aasioe M Miyats and H. Yosrida (Kyoto Usiv, JPN) | Date: Oct 6th, 2008 | Coniext

physicas specifications Apeaions,

oomraton werade Determina | jcharge or dacrarge)

........

-------

S—— ground thaemal madel g ma rotay e mucharger moded
..... wcal ocpsgarent g mchel

Node | Tt 100l for cpmizing fe FVILE system with ground Shermal storage I e Rt HNode ] Title Aol Tor optimezing the HWAL gystem with ground themal sinmge | Nurritses' A

Figure 4-7 Example of IDEFO (The left-hand figure shows the root level and the right-hand figure shows the
expansion of function A. Each box can be further expanded into detailed sub-functions as shown on the
right.)

Data Management

A variety of data types are used in a commissioning tool. They are classified into five types:
design data indicating thermal performance of building walls and HVAC component
performance; data of system state such as chilled water temperatures and flow rates;
environmental data such as weather and room air humidity; data representing the operation
schedule; and statistical data such as the baseline of monthly energy consumption.
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Most tools are designed to obtain all data except
design data electronically from BEMS or via
Internet, although in some cases data may be
obtained through off-line data files. The amount

List of abbreviated data processing models

BIM: Building Information Modeling

STEP: Standard for the Exchange of Product
Model Data

IFC: Industry Foundation Classes

XML: Extensible Markup Language

of design data increases with a building’s size;
as a result, they are stored in CAD system
database with a data structure known as BIM.
New data structure systems defined by STEP,
IFC, aecXML, and AEX are becoming the AEX: Automating Equipment Information

standards. By using this kind of data structure Exchange

more effective data exchange or data share is CSV: Comma Separated Values
achieved compared to a data structure like CSV.

Usage of an appropriate database like SQL is

SQL: Structured Query Language
HDF: Hierarchical Data Format

essential but all the tools developed within

Annex 47 do not necessarily have this feature
yet. Simpler data structure like HDF5, which is not as sophisticated as IFC, are used especially
for processing measured data.

In Existing building (EB) cases it is difficult to obtain design data because the database is
inaccessible. Some tools require training data to run. In case of an EB, training data are normally
available but for a new low energy building (LEB) they are not. Therefore some tools may not be
used with LEB.

Data transfer protocol is another important issue in data management. The protocol used in
BACnet and LONWORKS, which are open networks, enables effective data exchange. But in
many EB the protocol cannot be used due to communication protocols which are proprietary to a
specific manufacturer or not open.

Implementation

Hardware and software issues affect the implementation of tools to computers. Since computer
calculation capabilities have increased and their cost and that of related hardware devices
decreased, hardware poses less of a challenge. But issues related to software management,
particularly program language, remain significant. Tools have been and are still being developed
using various languages such as FORTRAN, C, JAVA, MATLAB, etc. As a result, developing a
tool that is compatible with existing tools that use various languages poses challenges. This is
why certain tools are operated semi-automated or namely not fully automated.

Operability

A tool’s operability depends on its simplicity and ease of use. Its features rely heavily on
performance of the visual interface featured in the tool. Many types of graphic sub-tools are
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available and suitable visual environments are easily found and implemented. Some tools utilize
the visual environment provided for in software functions such as MATLAB/Simlink.
Operability of the tools developed in Annex 47 varies; however many unique and convenient
visual interface tools were implemented as seen in section 4.4.

Analytical Engine

A variety of analytical engines are available whose mechanisms are based mainly on simulation,
statistical analysis, linear and non-linear programming, expert rules and fuzzy logic. Many
analytical engines were developed and tested in real commissioning projects during Annex 25,
37 and 40. In addition, many analytical engines are also available as commercialized or open
source software. For example, common CFD software and air-conditioning load calculation
software like EnergyPlus are used as an analytical engine in some tools. For LEB commissioning
however, development of new types of analytical engines which can estimate a building’s energy
performance using CFD software or heat flow simulation of the building envelope is needed. We
show some in our examples.

End Users

Principal end users of commissioning tools are commissioning providers; however, building
owners, building managers, facility managers, operators of HVAC systems are also potential
users. Generally speaking, each user requires a different tool. For example, building owners and
managers are interested in tools that help reduce energy consumption, while commissioning
providers and HVAC system operators want tools that help find and diagnose faults for system
optimization. If building system designers use some tools at the planning or designing phase and
store the information prepared for the tool in a data base, quality, productivity and cost of
commissioning work will improve because seamless information flow is established throughout
all construction phases. This is what Annex 47 emphasizes for future commissioning processes.

Benefits

Commissioning tools provide many benefits; however, the major benefit is energy conservation,
especially in EB. Other benefits are improved room environment and a resulting reduction in
resident complaints, increased hardware lifespan by FDD, ensured persistent energy conservation
performance, reduced system operational costs, conservation of historical operating records,
better building operator training, reduction in required commissioning reporting in LEED and
EPBD certification, and ensured optimal operation. Finally tools reduce commissioning cost and
improve the quality of the work by lowering commissioning effort and human error

In the case of LEB commissioning, work is often more sophisticated than with that of
conventional buildings.
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4.3.2 Features of EB and LEB Cx Tools Developed in Annex47

Automated and semi-automated Cx tools were developed in Annex 47. Detailed features of
major tools are explained according to the structure in section 4.3.1 and listed in Appendix 4.
Table 4-1 summarizes the tools, their Cx purpose, targeted system, component, and targeted
building type. FDD is the main purpose of Cx, followed by optimization, design and data
handling. As for the Cx target, the system level is the primary target, followed by whole building
and component level at the same rate, then control level. Most tools are developed for existing
building (EB) than low energy building (LEB), as automated Cx tools for LEB Cx are currently
in development.

Explaining the kind of data necessary and how they are processed is important for understanding
the function of a Cx tool, as well as for informing tool developers of a tool’s requirements. To
this end, IDEFO0 diagrams in Appendix 4 are useful.

The data used for each tool are further categorized based on two features: one feature is based on
elements from which data are taken or related; namely, building, room environmental
requirement or criteria, weather, energy, HVAC system, HVAC component, control system and
maintenance. The other feature is based on the stages when data are taken; namely design stage,
operational stage and measured stage. According to this categorization, data used for each tool
are tabulated as shown in Appendix 5.
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Table 4-1 Tool purpose, target and building type

Purpose Cx target Building type
optimi data Whole compo [Contro
No Tool name Design | FDD ptt handli Buildi [system P EB LEB
zation ng ng nent |

DABO (Diagnostic Agent for Buildin
01 (Diasnostic e ¢ v | v vivi|iv|v v|v

Optimisation), version 2007

02 CITE-AHU v v v
Proto-type FDD tool "i-BIG" for HVAC
03 systems v v v v
Performance Analysis T ool for Heatin
04 o ¢ v | v v v
ystem

A tool to be used for energy analysis and|
05 fault detection on the whole building / / \/
level

Optimization Tool for Air-Conditioning]
06 System Operation Considering v v v
Thermal Load Prediction Errors

An on-going commissioning tool
07 for VRV package systems v v v

A tool to monitor continuously

08 oprational data of each HVAC v v v
equipment
Initial Cx tool for HVAC system in
09 v v v

large enclosure

On-going type FDD tool with pattern
10 recognition for HVAC systems v v v

A Tool for optimizing the operation
11 ’ 8o op v v v v v v

of heating cooling plants

A tool for optimizing the HVAC
12 system with ground thermal storage v v v v

A Tool to estimate energy
13
baselines using Simulation v v v

Tools for Life Cycle Ener
14 ' & v | v | ¥V v | v |V v

Management (LCEM) for Buildings

Energy analysis module (on Energy

15 Plus) v v

for VRF air-conditioning system

CFD coupled simulation tool for

16 annexation system \/ \/ \/

of cool/heat tube and natural ventilation

Proto-type FDD tool for laboratory
17
exhaust system \/ \/ \/
Energy Performance Commissioning of
18 Existing Buildings and Building v v v

Portfolios
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4.4  Case studies for various approaches

4.4.1 German ModBen Project — Top-Down approach

General Approach — a 4-step procedure

The German ModBen project deals with the systematic performance evaluation of existing non-
residential buildings. This can be regarded as an ongoing commissioning process. ModBen
evaluates the developed methods and tools in six demonstration buildings.

Introducing an ongoing commissioning process to a building is a multi-level process. In ModBen
the process is a top-down-approach that starts at building level and descends to selected single
components, if necessary. The building’s available information (stock data and measurement)
will increase from step to step, allowing more detailed analysis of building performance.

A 4-step procedure was developed for ModBen. Figure 2-1 illustrates the procedure on a time
scale.

Benchmarking

Collect system information and
Installation of data acquisition

c FDD and Optiomization
equipment

‘ Monitoring

Ongoing Commissioning

Figure 4-8 The 4-step procedure on a time scale

It is important to note that the ongoing commissioning approach may be introduced after Step 1
if a classification of the building is available at that stage.

Each step is described in detail with the definition of necessary stock data, measured data, kind
of analysis, further actions, and outcomes (Table 4-2). Furthermore, tools were developed for
every step (see Table4-3).
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Table 4-2 Overview of 4-step procedure

according to individual needs

Step 2 Step 3 Step 4

Name Simple Benchmark Certification FDD + Optimization | Regular Inspection
Description Gather basic consumption Certification according to Analysis of the building Maintain optimized

and stock data and first national implementation of performance, identification performance by ongoing

classification / baseline of the | the EPBD. and implementation of energy | (minimal) monitoring

building performance saving measures and

optimization of performance

Stock Data minimal building description According to DIN 18599 Additional stock data only None

Measured Data

Utility bills/ own meter
readings (yearly / monthly)

None

Minimal dataset

Additional measurements only
according to individual needs

Minimal data set

(sub-hourly data)

saving measures

Analysis Benchmarks / signatures Detailed Energy Balance Model based Analysis Automated outlier
(static model, monthly) » Manual / automated FDD detection of energy
Primary Energy demand (measurement/rule based) | consumption
Overall “ COP’ » Manual Optimization
(model based)
Further Actions None Installation of data acquisition | Implementation of energy None

Outcomes Frst classification + baseline > Certificate » Faultless/ optimized Persistence of energy
(yearly/monthly) > Theoretical target value operation efficient performance
> Sub-hourly data available » documentation of energy
savings and cost
Table 4-3 Overview of tools
Step ModBen-Tools

Collect system information
and installation of data
acquisition equipment

FDD
(Measurement based)

Optimization
(Model based)

Monitoring

Checklist 1
(Excel based checklist for data gathering)

Checklist 2
(Excel based checklist for data gathering)

and EnEV+ (German implementation of EPBD)

Predefined Visualization
(manual)

Rule based system (under development)
(automated)

DIN V 18599
(ennovatis EnEV+)

Simplified simulation-model (under development)
(IDA-ICE)

Automated outlier detection
(regression model + clustering of day types)
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Deployment of sensors

In the ModBen framework a quantified set of measured data must be delivered from every
demonstration building. This set was established as it was believed to be the minimum amount of
measured data necessary to facilitate a rough overall assessment of the system’s performance.

The minimum data set is listed inTable 4-4.
Table 4-4 Minimum data set of measurements
All data should be collected with a resolution of 5-10 minutes.

item Measured value remarks
consumption total fuel consumption e.g. gas, oil, biomass

total consumption of district heat

total consumption of district cold

total consumption of electricity

total water consumption

weather outdoor air temperature From own weather station or weather data
provider
outdoor rel. humidity From own weather station or weather data
provider
global irradiation From own weather station or weather data
provider
indoor conditions indoor temperature Choose one or more reference zone for that
measurement
indoor relative humidity Choose one or more reference zone for that
measurement
system Flow/return temperatures of main main heat/cold distribution.
water circuits Main refers to distribution within the building

and not to a primary distribution such as a
district heating system.

control signals of pumps and fans main drives

supply and return air temperature only if supply air is thermodynamically
of main AHUs treated

supply air relative humidity of only if supply air is humidified/dehumidified
main AHUs

In the ModBen framework this minimum data set is to be achieved using a time resolution of 5-
10 minutes. Typically, sensors for energy and water consumption and for system temperatures
are installed in the building. Sensors for weather data and indoor climate are typically only
installed if the building is equipped with an air conditioning system.

However, even when sensors are installed, the transfer function to other analysis systems is
generally not provided. Availability of measured data is enhanced in buildings with a BAS that
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comprises a management level. In theory, the BAS can provide a lot of data. Unfortunately, the
BAS in most existing buildings is not equipped with data transfer features such as a data base
interface, an OPC-server or the ability to export ASCII files with measured values. As well,
energy data is typically not available from the BAS. The technology might be available but, for
cost reasons, is often not installed.

Nevertheless, if a BAS is installed it should be checked to see whether it can be modified to
provide the minimal data set at a reasonable cost. If the enhancement of the BAS is complex, it
might be more cost efficient to install an extra data logger with additional sensors. If no BAS is
available, the installation of a data logger is the only option unless the building owner decides to
upgrade the building with a BAS.

Another aspect to observe in high time data logging (hourly or sub hourly) is the amount of
traffic the fieldbus must handle. In the case of significant amounts (>> 100 data points)
modifications to the fieldbus communication are necessary.

In most cases, heat and water meters must be equipped with a pulse output or fieldbus interface.
In the case of a fieldbus interface, they must also be equipped with a grid-connected power
supply because of frequent readings.

In the ModBen project, the cost of acquiring the minimal data set is 15,000 to 60,000 EUR per
building, depending on the system’s actual condition. However, in most cases the cost averages a
reasonable 5% to 20% of annual energy costs.

The effort to acquire additional data that exceeds the minimal data set relies on the presence of a
BAS. If a BAS is enhanced to deliver the minimal data set, additional data from the BAS (e.g.
control signals, schedules, etc.) is available at little cost but if a data logger is used, acquiring
additional data results in significantly greater cost.

Table 4-5 gives an overview of the cost of the data acquisition system in the ModBen project
demonstration buildings. From our experience, we can conclude that:

If the main part of the measurement equipment and a BAS are installed, the BAS should be
enhanced for monitoring, especially if many datapoints (>>100) are to be recorded.

If only a few measurement points are required and/or no BAS is installed, a separate data logger
is the better solution.
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Table 4-5 Overview of data acquisition cost and estimated static amortization
red = estimated; blue = calculated

DVZ Barnim  GroBpésna M+W  Zander EADS 88
Zentrale

BAS and - Yes No Yes partially Yes partially
measurement
equipment
already available
Kind of data - BAS Data Logger BAS Data BAS Data
acquisition Logger Logger
Number of data 300 20 500 80 480 450
points
Annual energy EUR 63 000 4900 617 000 150 000 360 000 ??
cost
Cost of data EUR 30 000 3000 21000 30 000 15 000 60 000
acquisition and
gathering system

% of 48% 61% 3% 20% 4% ??

annual

energy

cost
Expected minimal % 5% 5% 5% 5% 5% 5%
energy savings

EUR/a 3150 245 30 850 7 500 18 000 ??
Static pay back a 9.5 12.2 0.7 4.0 0.8 ??

Performance metrics

ModBen applies and evaluates different pre-defined performance metrics according to the top-

down approach described. The next sections give a short general description while the next

chapter provides examples from demonstration buildings.

Statistic Benchmarking (annual/monthly data in Step 1)
Several sources exist for reference values for energy consumption of non-residential
buildings in Germany. The values are statistically derived from building stock. Typically,
they are listed according to the building’s main use (office, school, shop, etc.).
Unfortunately, most of these benchmarks miss detailed specifications, such as year of
construction, building size or HVAC system type, which reduces the usefulness of these

benchmarks.

Building specific target value
According to the EPBD, certification delivers a building’s specific target value for energy
demand. German implementation of the EPBD (DIN V 18599) is complex and includes
most HVAC systems. The building is further divided into multiple zones according to

use.
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Although certification works with standard use profiles, the calculation model can be
adjusted to the building’s actual use (operation and occupancy schedules, setpoints) — to a
certain extent. This “calibration” requires considerable effort and results are not directly
comparable to measured energy consumption

Pre-defined visualization of minimal data set for manual fault detection and diagnosis
Standard visualizations for the minimal data set were defined in order to extract information
from the data. Visualization includes carpet plots for checking time patterns of operation and
occupancy and scatter plots for identifying control strategies and time series as reference and for
detailed examinations.
These plots can be manually inspected in order to find faults and deficiencies when
analyzing building performance for the first time.

Rule based fault detection and diagnosis
The variables of the minimal data set will show different correlations for faultless
operation and operation with faults. Theoretically, it is possible to calculate the
correlations for each case to be able to identify faults from real measured data.
ModBen is still developing a rule based system which is able to detect these typical faults
from measured data but this function will not be discussed further in this report.

Simplified simulation models for optimization
Numerical Optimization requires simulation models that run fast and so enable many
variations. ModBen develops simplified models to reduce the numerical effort required
for simulation. These models can be calibrated with real measured data and used for
optimizing the control strategy of real buildings. This feature remains under development.

Automated outlier detection for ongoing monitoring and maintenance of fault free/optimized
operation.
If acceptable or even optimal operation of an HVAC system is achieved, it will still
require maintenance and monitoring. Building operation or performance must be
monitored weekly or daily. As operational staff do not have time for this, ModBen has
developed a method to automate the process.
The building’s current performance is identified first using a regression model, which is
then combined with a clustering process that identifies day types and consumption
patterns.
The calibrated model is then used for a daily automated check of energy and water
consumption.

Building case study

Examples show how measured values of the minimal data set are used to analyze or monitor the
building. Not all analysis routines or performance metrics are presented, just the visualization
(manual fault detection) and automated outlier detection.
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The example used for data visualization is the ThyssenKrupp Kreuzgebédude in Essen.

o

Figure 4-9 ThyssenKrupp Kreuzgebaude in Essen, Germany

The Kreuzgebédude is a typical office building built in the 1980s with an insulation standard
(mean U-value= 1.3 W/m?K, percent of facade’s glazing = 30%). The building’s energy supply
is provided by district heat and electricity.

The building is heated with warm water radiators; most offices are ventilated by openable
windows. Roughly 25% of the spaces are equipped with a central ventilation system with heat
recovery and a heating coil for pre-heating of air.

Approximately 30% of the spaces are equipped with split units for cooling in summer.

The building’s annual energy cost is about 150.000 EUR.
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Data acquisition

With Kreuzgebdude no BAS was available, so the minimal dataset is acquired using a data
logger. Necessary sensors were installed with most communication done via the modbus

protocol. To acquire 85 data points costs roughly 25,000 EUR.

Skizze Dachaufbauten

Aufbau der MeRtechnik im Kreuzgebaude
Anschlu® der Smartbox

ohne Erweiterugsoptionen Globalstrahlung

N

Signalverstgrker
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AuRensplitgerate ¢

AD-Wandler

ZAHLER | (1%
|
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Heizungskeller ModB ADWandler Zu/Abluft
Strom- PT100
Luftungszentrale w

.
£ sxa- 20mA—>’ ModBu
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Modbus 4. OG
Vor-Rucklauf 6x 4-20mA: 7 =
AuRenfemperatur D ¢
— PT1000 0 &4
0-10V Innentémperatur
AuRenluft Feuchte E,"T,f,;“,:;e, empe
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Controlling Server
Freiburg Legende

Figure 4-10  Data acquisition system installed in Kreuzgeb&aude. Blue represents the data logger.

Data is transferred to Fraunhofer ISE via internet (VPN tunnel).
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Visualization

Manual fault detection using pre-defined data visualization is done in a top-down manner, from
overall energy consumption to system/subsystem levels.

This plot illustrates some findings in Kreuzgebiude.
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600 -
— 500
=
=, 400 |-+
5 !
_300_. : : : : : £ | : : : ] J  Veterbig
i 200 H ; ; . E " ] — Water_small
1004 | | | i | — Water DHW
o \ I 10 N NI S 0 LA | iA CANAI AIARI RANARJ SNINA o
B0 =
50
Ew--
™30
£
20
8 T
10 — Power Split Units
% Power AHUs
500
— 400
=
= 300
=
gmu-i
€ ool —
100 — District heat
~ Total Eelectricity
| [ = outdoor Air Temp__|

03.03 10.03 17.03 24,02 31.0307.04 14.04 21.04 28,04 05.05 12.05 19.05 26.05 02.06 09.06 15.06 23.06 30.06 07.07 14.07
Mar 08 Apr 0B May 08 Jun 08 Jul 08

Figure 4-11  Time series plot of energy and water load (hourly values)

Figure 4-11 shows the time series plot for energy and water consumption together with outdoor
air temperature. Although weekly patterns and the dependency of heating consumption on
outdoor air temperature is plotted, the next figures show that additional information can be
extracted. Time series plots are used only as reference plots.
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Figure 4-12  Carpet plot of energy and water load (hourly values) from bottom to top: outdoor
air temperature, district heat, electricity split units*, electricity ventilation*, total electricity, total
water consumption, DHW consumption. (*not part of minimal data set), arrows show missing data

Figure 4-12 shows carpet plots of energy and water consumption. Daily and weekly patterns are
more obvious than in Figure 4-13. The building’s occupancy — from water and electricity
consumption — is Monday to Friday, 07:00 to 19:00. The electricity plot shows energy
consumption Saturday mornings as well, which seems unnecessary as water consumption (=
occupancy) is zero at that time. The district heat plot reveals that the night and weekend setback
is deficient, at least at low outdoor air temperatures.
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Figure 4-13  Energy and water load signatures (daily means) by weekdays and weekends.

Figure 4-13 is a scatter plot (signatures) of energy and water consumption in relationship to
outdoor air temperature. The missing set back of heating during weekends is obvious in the

lowest plot. This contradicts electricity and water results that show low or no occupancy on
weekends.

The electricity plot shows that cooling is no major consumer as the electricity load increases only
slightly with higher outdoor air temperatures.
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Heating circuits
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Figure 4-14  Carpet plot of heating circuit sensors (arrows show missing data)

Figure 4-14 shows a carpet plot for one of the building’s 4 heating circuits. .The supply
temperature and temperature difference show the same deficiency in night and weekend setback
that was already recognized for the heating load.

Also, the pump is in constant operation, representing another potential for optimization. The
pump could be turned off during unoccupied periods and changed to variable flow.

The plot also shows that the heating is turned off (in May) regardless of the outdoor air
temperature.
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Air Handling Units
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Figure 4-15  Carpet plot of air handling unit sensors arrows show missing data
Figure 4-15 shows a carpet plot for one of the air handling units. The operation schedule is

Monday to Friday, 06:00 — 21:00 and Saturday 06:00 — 14:00. (Electricity — the topmost plot - is
used here as the AHU operational signal)

Saturday operation is unnecessary and will be turned off.

The heating coil’s primary pump is in constant operation during the entire heating season and is
turned off manually in May. Like the pumps for the heating circuits the pump could be turned off
during unoccupied periods and changed to variable flow.
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The temperature difference between the heating coil’s supply and return temperature (dT SUP-
RET HC) shows odd fluctuations in summer — even though the primary pump is turned off. This
occurs because the secondary pump (see Figure 4-16) starts up as soon as the outdoor air
temperature falls below 20° C to avoid freezing. This causes unnecessary heat loss and heats up
the air supply in summer, which causes extra cooling load. This operation has to be changed. It
will be tested to turn off the primary pumps completely as the secondary pumps are obviously
capable of supplying the heating coil. (Mention: FAULT not optimizing!)

Figure 4-17 shows that the temperature difference on the water side of the heating coil is very
low (2-3K). This means that the primary pump is set to over capacity.

OAT EXH from inside
5

/\
EXH to outside A SUP AT

Secondary pump 5

Primary pump P

Figure 4-16  Layout of air handling units
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Figure 4-17 Scatter plot air handling unit sensors. Colour scale represents the control signal of the heating
coil pump.

Results and Conclusions

In the best-case scenario, manual fault detection by sensor visualization in the minimal data set
revealed energy savings of up to 15% of annual energy consumption.

Using a typical minimal data and frequent faults (basic faults make it easier to detect) the
following were identified:

Insufficient or no setback of heating and cooling during nights, weekends or unoccupied periods.
Missing adjustment to operating schedules between sub-systems in the HVAC system
Heating/Cooling curve incorrectly set

Mass flow rates too high/over capacity

Wrong size of generators

Faults in measuring equipment
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Automated fault detection

Once an optimal or acceptable performance is reached it must be monitored to maintain it.

As this monitoring would be tedious for operational staff a method was developed to
automatically detect abnormal energy consumption values on a daily basis by using the minimal
data set.

The method is based on a regression model combined with a clustering process for identification
of day types — i.e. days with varying consumption profiles in all delivered energy and water. In
Germany this will typically be heat (e.g. gas or district heat) and electricity.

The regression model is trained using data that contains at least 3 months of measurements. The
training identifies basic patterns in energy and water consumption. After training, the model can
be used for daily fault detection (validation phase, see Figure 4-18 ).

Training Validation
Measurements Measurements
from building new day

Remove outliers in data

Clustering process to
extract information on
day-types

Regression model
representing building’s
consumption profile

Assignment of day-type

Regression model
predicting daily energy
consumption

Comparison between
measured and predicted
values

Figure 4-18 Automated fault detection method with training and validation phases

With two test buildings it was shown that the method can identify the consumption profile
reasonably well and detect real and manually inserted outliers. The method will be further tested
on other buildings.

Figure 4-19 shows a comparison of the measured values of heat load and the prediction of the
model for one of the demonstration buildings.
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Figure 4-19  Comparison of daily heating demand at demonstration building with estimated
values of regression model

e Daily heating demand is modeled by applying a black box model.
which can also be developed to monitor electricity or water demand

e Black box model contains clustering process to automatically identify
building’s day-types (days with different consumption patterns)

e A multiple linear regression model estimates model parameters

e The model’s estimated values are compared to the measured values at
the building site and outliers can be identified on a day-to-day basis

e The model is not dependent on the building layout and can be applied
without extensive prior knowledge of the construction characteristics

e Measured data from the building site is the only key component
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4.4.2 Netherlands — Bottom-up approach

General approach

TNO Built Environment and Geosciences use a 3-step approach for performance analysis of
buildings and HVAC systems. This procedure follows a general bottom-up approach,
concentrating on the technical and functional condition monitoring, concerning operation and

maintenance of HVAC systems.

The 3-steps procedure
The 3 main steps are:

1. Simple Benchmark on comfort
2. Analysis and optimisation

3. Regular inspection and check of action plan
Starting point of this approach:

» Take available (measurements) from BAS and try to use it for Re-Commissioning

=  Special COMFORT problems need to be solved (additional sensors may be needed)

The commissioning projects executed until now in 90 buildings were based for 95% on re-
commissioning projects. The main reason is to solve problems of the tenants in the buildings,

which have resulted already in numerous comfort complaints.

Our client approach for a performance test is illustrated in Figure 4-20.
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Figure 4-20  Principle of evaluating a building’s HVAC systems

The building and the building user with its specific business processes determine the inside
climate/comfort and energy demand. Whether the energy demand of the building can be met,
depends on the HVAC concept and on the installation’s operational management. For our
investigation it was assumed that the original design was sufficient for the desired comfort in the
building, so there is no preceding check of the design and capacity of the installation’s
components.

Some random checks of the installation and separate equipment, as shown in the lowest two tiers
in the pyramid of Figure 4-20, were executed. Experience shows that when the quality of the
lowest two tiers is insufficient, the upper tiers/levels are also of insufficient quality.

A TNO-study of more then 90 buildings of different types showed comfort complaints and high
energy consumption to be the most common faults.

The problems are:

The average energy use of buildings is 25% higher than expected

70% of HVAC systems do not work as expected

90% of complaints are attributed to poor HVAC system performance

The causes are:

15% design faults

85% (i) completion (handover) of HVAC system and (ii) operation and maintenance

We will focus on technical and functional monitoring aspects concerning operation and
maintenance of HVAC systems.
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The details of the steps

Table 4-6 Overview of the 3-step procedure

3-steps procedure. The content of the table is comfort oriented.

Table 4-6 Overview of the 3-step procedure

Name

Description

Stock Data

Measured
Data

Analyse

Further

actions

Outcomes

Step 1

Benchmark on comfort

Complile a basic survey list of

complaints and stock data and

Step 2

FDD + optimization

Analysis of the building

performance, identification

first classification / baseline of the and optimisation of

building performance

Minimal building description

Make a first analysis of BAS
dataset. Manual checks
concerning sensors and visual

inspections.

Benchmark based on survey of

complaints

None

First classification of the type of

complaints

performance

Additional stock data

according to individual needs

Minimal dataset + additional

measurements according to

individual needs.

- standard analysis

- system specific analysis

Installation of data

acquisition (hourly data)

- Faultless / optimized

operation

- documentation of improved

presents an overview over the details of the

Step 3

Regular inspection and

check of action plan

Check of the target in the
action plan of step 2 are

achieved

None

None

Action plan of step 2

target as major metric

None

An improved or adjusted

action plan
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The Quick scan
The following section describes every step in detail.

The activities executed for each building is based on a so called quick scan [15]. In a document

of 33 pages all necessary activities are described including a survey list to be filled out. The four

main activities executed for each building are:
I.  (Step 1) Preparation and Start-up meeting
II.  (Step 2) Inspection of buildings and HVAC installations
III.  (Step 2) Analysis and reporting
IV.  (Step 3) Final meeting with action plan and discussion
Description of the four main activities is:
(Step 1) Preparation and Start-up meeting

A start-up meeting with the building owner will be held. Discussion of basic assumptions and
exchange of information. We explain clearly that we concentrate on the technical and functional

condition monitoring concerning operation and maintenance of HVAC systems.
(Step 2) Inspection of buildings and installations

Global inspection of buildings and installations will

focus on:

1. evaluation of design of HVAC system
An inventory will be made of the HVAC system.
The focal point of this inventory:

» Does the original installation concept fit with the

current building user and its operational
management?

» s zoning necessary? If so, is this realised in the installation?
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» s the outdoor air temperature sensor placed correctly, on a representative place?

A\

What comfort level can we expect with this installation concept?

» Can we expect with this building design some limitations in the expected (realised)
comfort?

2. inventory of the realised comfort conditions

» Manual checks will be executed concerning:
a) Room air temperatures
b) Room radiation temperatures

c) Air velocity

Question to be answered is: can we expect these measured values when the

installation is working optimal?
3. Design use versus actual use

Design building use:

a) Which internal heating load was taken into account?
b) Type of organisation / operational management?

¢) Which type of room functions were defined and assigned?

Actual building user:

a) Does the current function of the rooms / zones correspond the original
design?

b) Is it possible to restructure the building interior without changes to the
installation?

c) Ifsensors installed, are they placed in a representative place and
position?

4. Performance of the HVAC system

The performance of the HVAC system will be checked on three levels:

1. Heat and cold Production (Boilers, Chillers)
2. Distribution of heat and cold in the building (water and air)

3.  Emission of heat and cold in the zones and rooms.

The type of checks executed on the three levels:
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a) Is TAB (test, adjust and balancing) executed conform the design?
b) Check of temperatures (water and air)
c) Reliability / calibration of temperature sensors in the zones
d) Performance and adjustment of controllers
Note:
We use as much as possible:
» data point information collected by the BAS/ BEMS
* available monitoring (TAB) reports

(Step 2) Analysis and reporting

The following analysis and reporting items will be executed:

1. Analysis of the inspections

2. Short reports of analysis and conclusions
3. Causes of comfort complaints
4

Suggestions for Re-commissioning of building and HVAC system/ installations
(Step 3) Final meeting and discussion
A final meeting per building is planned to explain and clarify the results and the actions to be
taken. Summarized the main points:

1. One meeting per building

2. Explanation of our conclusions

Building case study 1

Benchmark on comfort

A simple benchmark on comfort is presented in Figure below. From 32 buildings, an average key
performance indicator is derived of 16% comfort complaints per person per year. After
resolution, a target value of 8% is realistic.
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Figure 4-21 A simple benchmark on comfort based on survey lists of complaints

e Are comfort improvements realistic?

Our task is successful if the complaint list of the building user is strongly reduced.

An example is given in Figure 4-22

30%

25%

20%

15%

10%

Comfort complains per person per year

(before and after improvements)

Functional inspection and performance
tests and improvements

Number of buildings: 12

«— 2005 o 2006 >t 2007

1

T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
234557E5‘IDH12131-1151617181524]212223245252827282530

Month number

Figure 4-22  Reduction of user complaints after improvements executed by TNO.

The starting point was 20% comfort-related complaints in 12 buildings. After improvements, the

measured reduction was between 5 and 10 %.
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Building case study 2

Deployment of sensors

A building owner in the Netherlands gave permission to investigate the real performance of one
of the AHU’s in his building. It was executed free of charge for the building owner in a so-called
SME project. One objective was to convince installers and service companies of the benefits of
Fault Detection and Fault Diagnosis (FDD) of HVAC systems.

The building selected was a hospital in the town of Almere (Figure 4-23). The AHU was selected
by the building owner.

Figure 4-23  Plan of the hospital in the town of Almere

Starting point of performance test:

Blind performance test, based on

Functional description (6 pages) of HVAC system and selected AHU,
Principal layout of the AHU

No additional sensors installed

Use of available sensors in the BAS

Data collection prepared by building owner

Excel files forwarded by e-mail to TNO.
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Table 4-7 presents an overview of the points measured in the AHU.
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Table 4-7

. Data set of measurements

Flevo Hospital, city of Almere, The Netherlands
Date : 8 March 2007
Subject : AHU measuring points

Data collection : every 5 minutes for benefit of FDD test

Item Code in Measured value Unit Remarks
drawing
Weather Outdoor air temperature °C | own weather station
Outdoor relative humidity % | own weather station
Indoor 01-MT-02 Indoor air temperature °C | Use return air temperature building part A
conditions
01-TE-04 Indoor air relative humidity % Use return air rel. humidity building part A
01-MT-03 Indoor air temperature °C | Use return air temp. building part D+F
01-TE-05 Indoor air relative humidity % Use return air RH building part D+F
Generation Chillers Chilled water temperature Chiller 1 °C | Central cold water production
Chilled water temperature Chiller 1 °C | Central cold water production
Heating Supply water temperature of main central °C | Central hot water production by gas
heating system boilers
AHU Set-point absolute humidity, supply air. a/kg
Set-point absolute humidity, return air. g/kg
01-CP-01 On-Off circulation pump twin-coil 1/0
01-CP-02 On-Off circulation pump heat exchanger 1/0
01-AV-01 Operation return fan 100% or 50% 1/0
01-TV-01 Operation supply fan 100% or 50% 1/0
01-TZA-01 | Frost protection thermostat 1/0
01-MT-01 Relative Humidity supply air % RH
Lowest measured outside air temperature of °C
all outside sensors
Temperature set-point supply air °C
01-TE-03 Temperature supply air °C
01-TE-02 Return water temperature of heat exchanger °C
01-TE-01 Supply water temperature twin-coil °C
01-RA-03 Control device (valve) cooling coil % | Control signal
01-RA-04 Control device (valve) humidifier % Control signal
01-RA-02 Control device (valve) heat exchanger % Control signal
01-RA-01 Control device (valve) twin-coil % | Control signal
01-PT-01 Pressure drop return fan Pa
01-PT-02 Pressure drop supply fan Pa

The operation matrix of the AHU is presented in Table 4-8.
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Table 4-8 The operation matrix of the AHU
AHU building part A, D and F Operation and Control AHU

AHU components 1 2 3 4 5 6 7 8
Fresh air damper Fc Fo Fo Fo Fc
Circulation pump twin-coil Aut  |Aut |Aut Aut |Aut |On
Control device (valve) twin-coil 0 Co Co Co 0
Circulation pump heat exchanger Aut  |[Aut |Aut Aut  |On On On
Control device (valve) heat exchanger 0 Co Co Co 100 |Co Co
Control device (valve) cooling coil 0 Co Co Co 0
Supply ventilator LOW (50%) Off Off On Off |Off
Supply ventilator HIGH (100%) Off |On Off On |Off
Steam control device (valve) 0 Co Co Co 0
Return ventilator LOW (50%) Off |Off |On Off |Off
Return ventilator HIGH (100%) Off |On Off On Off
Exhaust air damper Fc Fo Fo Fo Fc

Control

Supply air control O |Co Co Co Off
Supply air humidity control O |Co Co Co Off
Return water temp. control heat 0] Co Co
Explanation operation management Operation situation | Exceptional operation situat.
Off Switch Off 1 OFF 5 Fire
On Switch On 2 IN Daily operation |6 Frost protection
Fc Fully closed by controller 3 IN Night operation |7 | T-Outside < frost limit
Fo Fully open by controller 4 8 Start up AHU
Co Regulate/ control by DDC
Aut. Off / On through DDC
Aut. Closed / Open through DDC
L Low
H High
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The AHU set-points and operation schedule are presented in Table 4-9.

Table 4-9 AHU set points and operation schedule

Set up points Set-points

Operation period AHU in LOW speed (50%)

Desired supply air temperature when return air temperature < 22° C 20°C
Desired supply air temperature when return air temperature > 26° C 16° C
Desired return temperature heat exchanger during start up situation 30°C
Frost protection when outside air temperature is lower then: 5°C
Frost protection twin-coil 8°C
Enabling cooling when outside air temperature above: 15°C
Xp control twin-coil 10
Xp control heat exchanger 10
Xp control cooling coil 10
Tn temperature control 3 minutes
Enabling steam humidifier after AHU start after: 10 minutes
Enabling steam humidifier when outside air temperature below: 15°C
Desired return air humidity 6.2 gr/kg dry air
Xp control steam humidifier 10
Xn control steam humidifier 3 minutes
Maximum control signal steam valve 50%
Maximum humidity content 9.0 gr/kg dry air
Minimum pressure drop for testing belt break (after 2 minutes) 20 Pa

Clock settings

Continue

Operation period AHU in HIGH speed (100%)

Monday till Friday from 08:00 till 22:00

Performance metrics

e Definition of expert rules

The analysis approach is based on fault detection and fault diagnosis. Using information from the
AHU’s principal layout (Figure 4-24) and Table 4-10 to toTable 4-14, expert rules are derived.
Table 4-10 presents an example of the algorithm of six knowledge rules.
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Table 4-10 Algorithm knowledge rules
Fault | Knowledge rule Description
1 IF mode=1: |Tsa - Tsas| 2 & Supply air temperature of AHU doesn’t reach
set point (outside the dead band) by maximum
_ fan speed.
With: Potential causes:
Tsa= Supply air temperature Controller not well tuned
Tsas = SUpPly air temperature set point Capacity of heat exchanger is undersized
& = threshold parameter accounting for .
errors in temperature measurement | 1ot water supply temperature is too low
Mode= 1, Operation maximum fan speed Not enough cooling capacity in cooling coll
(100% ) Cold water temperature is too high
Chiller is off
2 IF Mode = 0: AHU =1 There is no fit with operational schedule
Potential causes:
HVAC system is overridden manually
Summer and winter months not accounted for
Bank holidays not accounted for
Recommendations:
Check if HVAC system is overridden manually
Check software settings related to Winter- and
Summer
Check holiday settings in the software
3 IF mode = 1: Tea - Tsamax = & AHU supply air temperature exceeds
With: maximum
Teamax = 20.0 C, T supply air max. of 20.0° C by maximum fan speed
4 IF mode = 1: Tra - Trasmax 2 & Exhaust air temperature exceeds its maximum
With: value of 21.0° C by maximum fan speed
T:a = exhaust air temperature
Trasmax = 21.0 C, T exhaust air max.
5 IF Mode (0,1): pump twin-coil=0, The heat recovery pump (Twin-coil)must not
pump heat exchanger = 1 be OFF while heat exchanger pump is ON
6 IF Mode (0,1): number of ON-OFF | The system is unstable if the number of ON-
transitions per hour = S, .« OFF transitions per hour = Sax
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Results

BAS system monitoring period

Useful measurements

Day regime measurements
Night regime measurements
Time interval

Software platform

Table 4-11

: Nov. 12, 2006 -
Feb. 2, 2007.
:19.025

17921

211104

: 5 minutes (1,585 hours, 66 days).

: spreadsheet

Expert rules analysis results.

Nr | Test condition

Test condition occurs

Error %
Day regime
(Fans 100%)

Error %
Night regime
(Fans 50%)

1 Supply air doesn’t reach

Fans 100 % (Daily operation):

set point. & = 1.0 C, 177 times the supply air| 2.2 %
exceeds its set point
Fans 50% (Night operation):
cxcosds th setpoint 57.4%
2 | AHU test fan speed.
Fans run 100% instead |734 times (147 hour!) 9.3%
of 50%.
3 T- supply air is maximum | Fans 100%:
20C. T-supply > 20.5 C: 63 times 0.8%
Fans 50%:
T-supply > 20.5 C: 2211 times 19.9%
4 | T- return air is maximum | Fans 100 %:
210¢C T- return air > 21.5 C: 2,749 times 34.7%
Fans 50%:
T- return air > 21.5 C: 6,878 times 62.0%
5 | Absolute humidity return | Fans 100 %:
Sic:inf]oesn’t reach  set Set point +/- 2.0 gram: 1889 times 23.9%
Fans 50%:
Set point +/- 2.0 gram: 1766 times 15.9%
6 |Valve twin-coil not fully| This situation reach: 106 times 1.3%
open when heat
exchanger ON.
7 Switch heat exchanger | Number of times that pump switched
pump on and off|on/off <5 minutes: 1,322 16.7%
frequently.

8 | Switch both chillers on
and off frequently.

Re-adjust chiller controllers to avoid
frequent switching on-off in very short
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time.

9 Control signal of the|The three-way valve cannot be closed
three-way valve of the|fully. Based on monitoring data, the
cooling coil. minimum valve position is 20%.

The valve cannot be checked for the
presence of a threshold value or
something else, because of other
temperature sensors.

Conclusions based on information from Table 4-11

The table gives the impression that during night regime (50% air flow) the control of the supply
air is unstable. Figure 4-25 illustrates this for a selected week of the supply air set-point and the
measured air supply.

Figure shows unstable behaviour of control during night regime (50% air flow).

Note measured air supply Figure 25

T-supply air Set point / Measured supply air

22,0

21,0

IN]
o
o

— Set-point T-supply
—__ T-Supply air

Degree Centigrade
©
o

18,0

16,0 T T T T T 1
13-11-2006 14-11-2006 15-11-2006 16-11-2006 17-11-2006 18-11-2006 19-11-2006

Time

Figure 4-25  Set-point and temperature of supply air.

The second row shows that for 147 hours fans were working in day regime (100% air flow)
instead of night regime (50% air flow).

An example of this fault is presented in Figure 4-26.

Figure 4-26 shows the BAS system does not account for holiday periods.

99 May 3, 2010



/\ Supply fan and Return fan pressure
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Figure 4-26  The supply and return fan pressure in day and night regime.

Conclusions
Conclusions are based on two examples of the bottom up approach.

The first example is based on troubleshooting without using detailed information of the BAS
system for analysis. The starting point of this approach is the tenant complaints concerning
building comfort. The objective is to reduce the amount of complaints to an acceptable level ,
which is why functional test are always done in the building and its HVAC system. Additional
simple data logging sets are used as a basis for specific data collections for a short period,
enabling us to solve the problems.

The second example is a blind analysis of an AHU based on:

e functional description of the AHU as a basis for deriving expert rules
e data collected from a BAS system
e No additional sensors being used.
It is possible to blindly investigate AHU performance using information collected by the BAS
system,
The following information on the HVAC system is required:
= Design and recent modifications
= Testing, adjusting and balancing reports
= Functional description

A total of 16 simple expert rules are made from the functional description;
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Faults are detected and solved based on this outcome. The most important detected fault was the
sometimes frequent ON/ OFF change of the two chillers. This was why one of the chillers burnt
out.

The starting point for introducing on-going commissioning is that the basic performance of the
HVAC system is OK. If not, Re-commissioning must be executed before starting on-going
commissioning;

Even if the HVAC systems works under normal circumstances as expected, use of diagnostic
tools may reveal imperfections;

On-going commissioning is necessary to monitor the performance of the HVAC system during
its whole life cycle;

Diagnostic instruments support the on-going commissioning process. They (i) save on
maintenance costs, (ii) increase the life span of components, and (iii) save energy.

There is a perceptible shift in the type of HVAC maintenance contracts. The ordinary
maintenance contract based on effort obligation/commitment is changing to maintenance
contracts based on performance contracts. In this case, diagnostic instruments will be helpful in
clarifying delivered performance;

Our experience up to now is that after hand over of the HVAC system to the owner/user, they are
unwilling to invest in on-going commissioning.
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4.4.3 NEDO Promotion Program (Top-Down and Bottom-up), Japan

New Energy and Industrial Technology Development Organization (NEDO), an independent

administrative body, is the largest core agency in Japan that promotes R&D and the proliferation
of Japanese industrial technology and energy/environmental technology. It offers proliferation
programs for the development and introduction of new energy/energy-conservation technology,
as well as R&D projects on industrial technology, etc. One of NEDO’s grant-aided projects is the
Promotion Program for the Introduction of Efficient Energy Systems in Housing/Buildings (to
assist with introduction of BEMS). This project offers subsidies to businesses that install BEMS
in their buildings and meet the program’s criteria, aiming to promote energy conservation under
an appropriate control.

How much is the funding?

Criteria for Subsidy Eligibility:

Possibility exists for introduction of BEMS to existing, newly-built, extended or rebuilt
buildings.

Energy consumption can potentially be reduced by BEMS.

Energy performance can be measured by equipment segment equipment such as heat sources
(refrigerating machines, heat pumps, cooling towers), pumps, lightings/outlets, and others.

A well equipped energy management system exists to collect measurement data and store it.

To be able to accomplish the grant-aided project, and to report for 3 consecutive years after
introduction of BEMS.

The project started in 2002; by 2008 more than 200 businesses had enrolled. The distribution of
grant-aided businesses by building size is shown in Figure 4-27 on the left. Large-sized buildings
with over 10,000 m”* make up a greater portion. The breakdown of grant-aided businesses by
building usage is shown in Figure 4-27 on the right. Various businesses have enrolled. Among
them those using their buildings as offices and stores represent the majority. Figure 4-28 shows
the energy-conservation attainment levels of the grant-aided businesses by building usage. All
businesses attained higher levels of energy-conservation than the targets set out in the planning
stage.
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Figure 4-28 Level of energy conservation attained by Building Usage

These are the actual results in FY 2007 of a total of 212 grant-aided businesses enrolled from FY
2003 to FY 2006:

Total amount of energy-conservation: 2,423.0 Tl/year
Rate of energy-conservation: 10.1 %
Cost-benefit performance: 91.1 MJ/year/1,000 yen

The reasons all grant-aided businesses attained their energy-conservation targets and derived
benefits are:

Adequate setting of target values
The grant-aided business reports their energy consumption to NEDO before the
introduction of BEMS. Predicted values of energy consumption, as well as grounds for
the prediction when introducing BEMS, are examined at the time of inclusion. The
appropriateness of the targets is evaluated by a third party.

Attainment levels must be measured and reported.
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This program requires participating businesses to measure energy consumption by line;
e.g. heat sources, lighting/outlets etc., and report levels of goal attainment based on actual
energy consuming performance. If target values are not attained, they must report the
reasons to NEDO. This motivates the businesses to make every effort to attain their goals.

Energy management system of grant-aided businesses is established.

For grant-aided businesses to attain their target values of energy-conservation, it is
fundamental that their energy management systems are well established. NEDO decides
whether or not to include a business by checking their energy management system. The
business organizes their energy management system with participation of experts such as
designers, instrumentation manufacturers, members of ESCO, etc., regularly checks the
status of goal attainment; and, in the case of non-attainment, analyzes the causes and
makes necessary improvements.

Figure 4-29 shows the relationship between frequency of utilizing BEMS data and
energy-conservation rates in grant-aided businesses. Many businesses use BEMS data
once a month. Also, it was confirmed that a higher frequency of considering
improvement measures in performance confirmation meetings tends to result in higher
rates of energy-conservation.

Although data analysis is made once a month, a performance confirmation meeting is held less than once per
three months.
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Figure 4-29  Confirmed Results on Frequency of Utilizing BEMS Data
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“Commissioning Process” represents documentation of a target fulfillment process with clearly
detailed targets of the ordering party along with quantitative values and conditions for their
attainment in OPR written format, with a third-party named CA supporting the fulfillment.

Although the Promotion Program for the Introduction of Efficient Energy Systems in
Housing/Buildings (to assist with BEMS Introduction) is not planned prior to assumption of such
commissioning, in this project, grant-aided businesses specify their demands for achieving
energy-conservation in a document in the application form. The implementation report includes
information on quantitative target values and conditions for their attainment, how to analyze
measured data, solve problems under an energy management system consisting of experts, such
as a designer and others, in addition to the building’s owner, and the procedure for reporting goal
attainment status to NEDO . This process is considered similar to the Commissioning Process.

Deployment of sensors

Grant-aided businesses deploy sensors in their buildings to meet requirements for measurement
items, as part of the project criteria and to determine the cost-benefit performance of the energy-
conservation strategy, as recommended by NEDO. Figure 4-30 shows the requisite and
recommended measurement items.

Requisite Measurement Items
The building’s energy consumption from heat sources, pumps, lighting/outlets and other
lines related to energy consumption volume must be measured and monthly integrated
values reported.

¢ Recommended Measurement Iltems
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Figure 4-30  Segmented Image of Sensor Deployment in Grant-aided Project

It is recommended that measurement of each target for each energy-conservation strategy be
verified. For example, when introducing a temperature variable control for cooling water in a
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water-cooled refrigerating machine, the effect of this strategy is verified by measuring the
temperature of cooling water and the motive power of the refrigerating machine, the cooling
tower fan and the cooling water pump.

Performance Metric

The performance metric is divided into two classifications: the mandatory one required for
reports to NEDO and the one each business independently defines to promote energy-
conservation.

Mandatory Metric Required for NEDO Reports

A business is required to annually report that their planned value for the rate of energy-
conservation in the whole building is attained for the three years following the project’s
implementation. Therefore, the rate of energy-conservation in a whole building is mandatory as a
performance metric.

A planned value is found using Formula (1); and an actual performance value using Formula (2).
If events alter the planned value, e.g. changes to operational conditions, etc., after the planning
stage, modifications must be made to redefine targets and specifications.

Rate of Energy-conservation (Planned Value) [%] = (E ret — E pre)+ E rer X100:  Formula (1)

Rate of Energy-conservation (Actual Value) [%] = (E ref — E) + E ¢ x100: Formula (2)
Note:
E rer: Standard annual energy consumption of a whole building (MJ/Year)

For a newly-built building:
To be calculated in accordance with CEC*'. The value should be set by
predicting any effects on the energy-conservation approach exempt from the
grant-aided project.

For an existing building:
To be calculated from a mean value of actual performance in the last three
years.

E pre: Planned annual energy consumption of a whole building (MJ/Y ear)

A value taking into account the effects of energy-conservation strategies included in the grant-
aided project.

E: Actual performance value of annual energy consumption in a whole building
(MJ/Year)

*1 CEC: Coefficient of Energy Consumption
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CEC is an index related to the equipments’ established energy consumption efficiency based on
Japan’s "Regulation on rationalization of the use of energy.". It is used as a criteria of energy
conservation performance in building in Japan, and it shows energy conservation in the smallest
value. The criteria value is set for air conditioning facilities, ventilation equipment, lighting
equipment, equipment for supplying hot water, and the elevator equipment depending on the
building’s usage. There is an obligation in Japan to report to the government when building an
architectural area in excess of 2,000m” or when doing large-scale repair work. A rule for the
relative calculation of the index value is provided.

CEC = Energy consumed by object equipment + Reference value of energy consumed by
object equipment

Metric Independently Established by Each Business for Promoting Energy-conservation

The research results on metrics that each business independently establishes to promote their
energy-conservation project are shown in Figure 4-31 Many businesses include a building’s
overall power consumption volume, overall cold energy consumption volume and overall heat
consumption volume, as well as monitoring information of indoor conditions such as
temperature and humidity. It is assumed they use a top-down approach. Meanwhile, some
businesses adopt metrics to evaluate equipment and systems such as usage-based temperature
differences and unit COP of heat source equipment. Some businesses may adopt a bottom-up
approach.

3‘100
Iy
2 80 [
]
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S 60 g | ]
£ = Use for bottom-up approach ™~
w0l % e w 8§
Y s (o] s (o]
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o - =) o
0
01 02 03 04 05 06 07 08 09 10 1 12
01:Overall power consumption 07:Transfer efficiency of pumps
02:Overall cooling load 08:Transfer efficiency of fans
03:Overall heating load 09:Outdoor air cooling efficacy
04:Usage- based temperature differences 10:Indoor temperature
05:Unit COP of heat source equipment 11:Indoor humidity
06:Svstem COP of heat saiirce eatiinment 12:Correlation between indoor temperature and
indoor humidity

Figure 4-31: Adoption Rate of Performance Metric by Grant-aided Businesses
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Building case study 1: Businesses Using Top-down Approach

Research on businesses adopting a top-down approach shows that they check monthly integrated
values for energy consumption in a whole building or by consuming point and the comparison
ratio of annual energy consumption volume by consuming point to the previous fiscal year, etc.

(See Figure 4-32 and Figure 4-33). For improvement steps, many businesses identify the month
and the consuming points that show increased energy consumption in an energy-conservation

confirmation meeting, then discuss possible causes for the increase with those involved, and
make on-site confirmation.

For example, overall energy consumption volume in the building is higher than the planned
value. The energy consumption volume in the lighting/outlet lines is higher compared to the
previous year. To be identified through deliberation in an energy-conservation confirmation

meeting. To confirm by checking if lights are not being turned off or the lighting-up status(See
Figure 4-32).

The attainment level of the energy-conservation project tends to depend on the level of expertise
involved in performance confirmation meetings.
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Figure 4-32 Comparison of annual energy consumption by consuming point between a target year and
previous year
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Figure 4-33  Biographic energy data comparison enables confirmation of attainment of
conservation goals
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Figure 4-34  Steps for Improving Performance by Businesses Using Top-down Approach

Building case study 2: Businesses Using Bottom-up Approach

Figure 4-35 shows a grant-aided business adopting a variable flow control of cold-water pumps.
It is a plotted display of the measurement values in a year: the horizontal axis shows calorimetric
values for water conveyance rates of cold-water pumps and the vertical axis shows the motive
power of pumps. The higher a value is plotted, the lower its efficiency. Lines in low-level are
plotted in higher position than ones in upper-level, showing they have lower efficiency. This
suggests that values of pressure set for low-level lines are relatively high and leave room for
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readjustment. This way, the grant-aided businesses adopting bottom-up approaches prepare
performance metrics and graphs for each method of energy-conservation (see Figure 4-36) and

make improvements using expert opinions from performance confirmation meetings. Operators
involved in performance confirmation meetings can learn how to assess conditions, and rational

reinforcement of the management system can be anticipated. In addition, those who adopt

bottom-up approaches use up-down approaches concurrently, and have a greater tendency to
show high level goal attainment than those not adopting bottom-up approaches.

Figure 4-35
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Steps for Improving Performance by Business Adopting Bottom-up Approach

Example of bottom up approach using a graph of BEMS data

1) To compare actual energy consumption in a whole building with the planned value, and

2)

3)

4)

then to judge the priority for conducting improvements.

To know energy consumption in lines of heat source and pump with compared values
from the previous fiscal year, or others.

To check the efficiency of refrigerating machines and the operating condition of variable
flow pumps by making a graph of BEMS data, and to judge presence or absence of

To determine a course of action through deliberation in an energy-conservation
confirmation meeting.
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Figure 4-36 Improving Performance of Businesses Using Bottom-up Approach

4.4.4 SHASE Energy Performance Measurement Manual

In Japan, while awareness of the need for energy-conservation is rising, there are few buildings
in which performance of the architectural equipment is understood. Even though the
performance is grasped, the methods for understanding differ with buildings; the absence of
uniform standards is seen as problematic. In an aim at solving this problem, SHASE prepared the
“Energy Performance Measurement Manual for Building Equipment & Systems.” This manual
organizes views on performance grasping methods for air-conditioning facilities and plumbing
sanitary systems, and also shows practically available measurement methods and how to process
data obtained with these methods, by equipment & system. In addition, it covers specifications
regarded as common elements of measurement and how to use measuring equipment available
for the measurement. Moreover, this manual presents a point of view for grading of measurement
in accordance with purposes for obtaining data, points to consider in electrical measurement
inevitable to the grasping of energy consumption, and some examples of measurement/analysis
for several real buildings.

Utilization of this manual makes it possible to make analyses by specifying measurement points
and evaluation indexes for performance grasping at levels of system and equipment. It is actually
being used as a bottom-up approach. The Table of Contents of this manual is made up as below:

Table of Contents of SHASE Energy Performance Measurement Manual for Equipment & Systems

1 Objective and general configuration
2 Basic view to evaluate energy performance
3 Energy performance grasping for air-conditioning facilities
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3.1

Heat source systems

3.2 Water conveyance systems (after secondary pumps)
3.3 Air-conditioning facilities
3.4 Ventilation systems
4 Energy performance grasping for plumbing sanitary systems
4.1 Outline of targeted sanitary systems
4.2 Water supply systems
4.3 Hot-water supply systems
4.4 Recycling systems of used water/rainwater
4.5 Drainage systems
5 Regarding the construction of electrical systems suitable to energy performance
grasping
5.1 Objective of this chapter
5.2 Clarification of intent of energy performance grasping and its reflection to the
construction of electrical systems
5.3 Problems when constructing electrical systems in energy performance grasping
54 Points to consider when constructing electrical systems corresponding to energy
performance grasping
5.5 Examples of the construction of electrical systems according to the intent of
energy performance grasping
5.6 Reference cases of the construction of electrical systems that energy-
conservation performance grasping is conducted for
6 Methods and equipment for measurement
6.1 Objective of this chapter
6.2 Measuring equipment
6.3 Types of measuring equipment
6.3 Guidelines for installation of measuring equipment
6.5 Measuring systems
6.6 Types of measuring systems
6.7 Handling of measurement data
6.8 How to confirm the validity of measurement data
6.9 Deployment in future
7 Conclusion
Attachment
1 Performance Management/Energy Management Sheet
2 Description on the naming codes of TSC21
3 Energy Performance Measurement Manual for Equipment & System (final text) &

CD recoding sample data

How to Use the Manual

When designing an actual measurement plan, one first envisages performance items desired to
grasp/evaluate in reference to the analysis examples illustrated in Chapters 3 and 4, and then
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chooses numerical evaluation items to indicate the performance. Secondly, one chooses system
diagrams and standard measurement points and configures these on concrete equipment and
systems. Meanwhile, there are different groups of evaluation items such as component, sub-
system, and whole system, etc. according to the range of performance grasping. Since expenses
and labor hours differ widely according to fineness of measurement contents, measuring period
and measuring equipment used, three levels of measurement from Level 3 (minute measurement)
through Level 1(standard measurement) are set according to specifications of measurement.
Consideration is given so that one can conduct well-balanced and complete measurement by
taking the difference of levels into account when designing a measurement plan. In addition, for
instructions on selecting and installing measuring equipment, refer to the items for individual
equipment in Chapter 6.

Measuring the usage of electricity by electrical system may enable efficient grasping of energy
performance. For this, giving consideration at the design stage of electrical systems is effective.
Several examples of related recommended system design are presented in Chapter 5.

To add to the convenience of this manual’s usage on site or for batch grasping an entire picture
in brief at the design stage, the “Performance Management/Energy Management Sheet,” is found
at the end of the manual as Attachment 1. It includes measurement items, levels, outline of
evaluation items, numerical processing, graphic representations, evaluation methods and feed-
back methods for measuring bracketed results.

For the management and handling of individual measurement points and data, a uniform rule for
identifying data is recommended. This manual suggests the use of TSC naming codes that reflect
the type of target equipment and data contents, etc. as specific naming conventions. Attachment
2 provides naming rules and a list of codes...

A CD recording raw data of measurements in actual buildings on which evaluation results shown
in this manual are based is provided as Attachment 3. It demonstrates an analysis for each item
evaluated and the plotting process.
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Sensor Deployment
The manual provides uniform standards for the planning of sensor deployment, as follows:

e Unification of Target Range for Performance Evaluation

For optimum understanding of architectural equipment systems, it is best to evaluate the validity
of the target systems’ performance by referring to performance in buildings similar to that of the
target building. If the range of target systems for evaluation differs between buildings, however,
it will be impossible to make equal comparisons. For instance, with the heat source system
shown in Figure 4-37, secondary pumps may be included in the range of heat source system. In
this manual, the target range for each system is unified, and clearly defined through mapping.

% Standardization of the energy
performance measurement technique.

Standardization point 1
“ The target range unified for each system*”

Cooling Tower

fo) Q Pcd

(9 types)
2"d pump system
AHU system

Ventilation system

9

AN47-B-M5-JP-NSRI-1

Figure 4-37 Unified image of target range for performance evaluation

e Unified location for installing and naming measurement points

Even though the same evaluation indexes are used, numerical values will have different
significance if the measurement point concept used for calculations differs. Also, as names of
measurement points vary between buildings, the time required for a third party to grasp
measurement data is lengthy. This manual sets out unified standards for naming and locating
measurement points for architectural equipment. TSC21 naming code is used to name points
(See Figure 4-38).

When installing measurement points it is crucial to prepare a plan so that performance may be
grasped in the early stages of design and construction, for purposes of consistency,, accuracy,
and to further reduce initial costs. Minimum measurement points must be specified along with
clearly defined objectives for conducting performance evaluation. Figure 4-39 shows the
evaluation indexes and measurement points required to conduct the performance evaluation of a
heat source system, including a water-cooling electric chiller. When the chiller’s unit COP is
chosen as an evaluation index with which to evaluate the energy performance of a heat source
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system, it is fundamental to measure the temperature at the cold water inlet and outlet, the flow
rate of cold water and the chiller’s electric power consumption. The temperature at the cooling
water inlet should also be measured for comparison with the performance curve provided by the
manufacturer.

Standardization of the energy
performance measurement technique.

For example measurement in WCR[1] system
“E1"—> WCR[1]_PPE
"— WCR[1]_CT_FAN_PPE
"= WCR[1]_Pcd_PPE
"— WCR[1]_Pc[1]_PPE
"= WCR[1]_TWc_in
"= WCR[1]_TWc_out
3" — WCR[1]_TWecd_in
"= WCR[1]_GWc

Figure 4-38
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Figure 4-39 Correlation between Evaluation Indexes and Measurement Points

e Designing reasonable measurement plans

The desired level of measurement accuracy is based on the measurement equipment/system,
recording technique (media), recording interval and period, etc. Table 4-12 shows the
recommended accuracy levels by item. The example provided in Table 4-13 shows levels at
typical measurement points of a heat storage air-conditioning system. Table 4-14 shows standard
measuring instruments. When assessing performance in a heat storage air-conditioning system,
focus should be placed on energy performance and the status of nighttime transition of load.
Particularly accurate measurements are essential for thermal quantity (flow rate/temperature),
electric power consumption and start-stop information. Use of Measurement Level 1 is ruled out
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because of its inability to accurately measure integrated thermal quantity. For systems whose
calculations/evaluations are made using integrated thermal quantity data such as heat source
equipment COP, thermal storage efficiency and thermal storage tank utilization factors, etc., the
measuring plan or specifications should stipulate the use of Levels 2 or 3 measurement.

Many types of automatic recoding instruments have recently become available at low prices;
temporary use of Level 2 should be done at the acceptance inspection. Even if a central
monitoring system is well established, close attention should be paid since recording on magnetic
media may leak from the original specification.

Although calorimeter usage is common when measuring thermal quantity, as flow rate and
temperature data are required for any performance evaluation, it may become necessary to set up
electromagnetic flow-meters when DDC is not used as a control system, or when measurement
signals from electromagnetic meters for existing control systems cannot be removed. Calculating
thermal quantity (both instantaneous and integrated values) and processing primary data are done
more efficiently with regard to cost and data confirmation using functions on a measuring PC or
central monitoring system.

In some cases, 1-minute measurement/recording intervals may be necessary for an operational
acceptance inspection at the component level. When conducting performance evaluations, the
large amount of data may pose an obstacle to data operation/analysis. Therefore, it is desirable to
make the recording intervals variable.

For basic performance evaluation the recording interval should be set at 15 minutes. If set at less
than 15 minutes at Levels 2 or 3, a mean value should be recorded automatically every 15
minutes. If this is impossible, automatic recordings should be made in the maximum assignable
recoding interval; later the mean value for 15 minutes should be calculated at the analysis stage.
In addition, if thermal quantities are calculated in the analysis stage, the recording interval for
temperature and flow rate should be pre-set to the same length as the thermal quantity
measurement interval. .
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Table 4-12

Measurement levels

Measuring equipment Recording method Recording interval Measurement
interval
Instantaneous
Level 3 Electronic detector, Instantaneous value — value — less than
. . 15 minutes 15 minutes
(detail Data logger, Automatic recqrdmg py
’ . electromagnetic media Integrated value — Integrated value
Expensive) Central Monitoring _
System 1 hour
1 hour
Level 2 Temporary electronic Automatic recording by
detector, log sheets or Ditto Ditto
(moderate) Data logger Electromagnetic media
Level 1
. Measuring instruments Manual recording by
(simple, fixed on site visual inspection 1 hour 1 hour
Inexpensive)
Table 4-13 Target Measurement Points and Measurement Level
Measurement items
Pressure Integral Start-
Flow Integra?e of Water Current power Electric
d quantity .
rate cold/hot | temperature value consumptio | power stop
of water
water n state
Heat pump 3,2 2,1 3,2 2,1 3,2 3,2
Chiller 3,2 2.1 3,2 2,1 3,2 3,2
Cooling tower 2,1 2,1 2,1 2,1 3,2 3,2
Condensing
2,1 2,1 2,1 2,1 3,2 3,2
Water pump
Primary pump 3,2 2,1 3,2 2.1 3,2 3,2
Secondary pump | 3 2 2.1 3,2 2,1 3,2
Thermal storage 2 1 3 2 2 1
Power receiver/
3,2 3,2
Transformer
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Table 4-14

Standard Measuring Instruments

Measurement items

Level 3, 2

Level 1

Flow rate

Ultrasonic flowmeter,
Electromagnetic flowmeter

Instant flowmeter
(area or pitot-tube type)

Integrated water quantity

Integrating flowmeter with pulse transmitter

Water meter

Water pressure

Pressure transmitter

Bourdon tube pressure gauge

Water temperature

Platinum resistance temperature detector,
Thermocouple

Glass stick thermometer
Round-shape thermometer

Current value

Alternating current transducer

Alternating current meter

Integral power Consumption

Voltmeter with transmitting equipment

Voltmeter

Electric power

Electric power transducer

Electric power meter

Start-stop state

No-voltage a junction, Constant voltage

Generator

Visual inspection

Performance Metric

e Unification of Evaluation Index for Performance Evaluation

Although various evaluation indexes are used to evaluate the performance of architectural
equipment, the fact is that different definitional equations are used for similarly named

evaluation indexes.

This manual specifies major evaluation indexes and their respective

architectural equipment, clarifies their definitional equations, and categorizes them for use as
uniform standards. Figure 4-40 shows the COP in an electric water-cooled chiller, and Figure
4-41 shows the COP of a heat source system. As understanding the operating condition is a
prerequisite to doing an energy performance evaluation, the manual defines the respective
evaluation indexes (Figure 4-42).

3

Energy Performance of
Equipment

COP = Qr

Standardization of the energy
performance measurement technique.

COP of Chiller

- =k

Qr is calculated by

J_

T1,T2:cold water temp
F1:cold water flow rate

Er is calculated by
El:electric energy

Reference data
T3:condensing water temp
11

AN47-B-M5-JP-NSRI-1

Figure 4-40

Chiller Unit’s COP
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% Standardization of the energy
performance measurement technique.

Energy Performance of System COP of Heat
System source system

SCOP=Qs + Es

Qs is calculated by

| | T1,T2:cold water temp
117 F1:cold water flow rate
g |
Es is calculated by
El~E4:electric energy

Reference data
T3:condensing water temp
12

Figure 4-41  Evaluation Image of Heat Source System COP

% Standardization of the energy
performance measurement technique.

Standardization point 2
“ Evaluation indexes related to the
energy performance “ _
Evaluation Indexes S_elect Inde>‘<es in accordance
with the purpose

Energy PREimEEe Energy Performance
of Equipment
influence
Operating Condition
SN FEETE e Energy Performance
of System :
influence
Operating Condition

AN47-B-M5-JP-NSRI-1
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Figure 4-42  Configuration of Evaluation Indexes

e (riteria for Performance Evaluation

As a prerequisite to an evaluation based on performance metrics, measurement data must be
validated. Although information from a sensor is generally regarded as correct, attention is
required as, sensors can be defective. The followings points should be considered:

a) Basic Check List

Validate absolute values by defining an absolute range.

Check characteristic values by cross-checking characteristic formula of equipment.
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b) Validity Check List

To check if equipment is in a valid status.
[Example]
To neglect temperature and flow rate while the equipment is not in operation. Etc.

c) Cross-checking

To check errors, etc. in data correlation.
[Example]
During cooling operation of a heat pump, water temperature at the outlet is 5° C lower
than that at the inlet. Etc.

d) Trend Checking

To check the status of temporal variations (trend). Express multiple related data in the same
graph to make efficient and effective checking possible.

These checks should be done in the early stages of measuring works. When invalid data are
found: check power source, recalibrate measuring equipment and check measuring equipment
wiring immediately. Although the calibration of permanent measuring equipment is done at the
construction stage, prior display confirmation is recommended to avoid future problems. .

[Example 1]

Although the recording accuracy of temperature is within +£0.5° C, the temperature difference has
a maximum error range of £1.0° C. If the temperature range difference of cold/hot water is At=5°
C in the design, the difference of temperature/thermal quantity can reach +20%. Even if the
recording accuracy of temperatures of outward and returning water is satisfactory, necessary
corrections should be made as required during data analysis, since any variance can have a
profound impact on the difference in temperature/thermal quantity.

[Example 2]

An electromagnetic flow-meter combines detection and computing features; which are pre-
calibrated by the manufacturer. There are multiple flow-meters of the same size; altering the
detection or computing features after delivery can compromise accuracy. As well as historical
management, special attention is required since defects may not be found out unless data is
carefully checked during actual operations.

Setting Data Recording Intervals

If the recording interval for data measurement (primary data) is less than 15 minutes, the mean
value for 15 minutes should still be calculated. Experience shows that a plot based on 15-minute
intervals is best for evaluating daily trends. Shorter intervals for analysis purposes waste time
when producing graphs etc.
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Calculating Integrated Thermal Quantity

When measuring temperature and instantaneous flow rate without a calorimeter, integrated
thermal quantities should be calculated using PC. If the data recording interval is less than 15
minutes, an instantaneous thermal quantity should be calculated based on the primary data, then
integrated, before performing the averaging described in Article 2).

Graphing

It is important to improve the visualization of measurement data by graphing.

The manual offers information on graphs and how best to interpret them for grasping the
performance of respective equipment and systems.

Building case study 3 : Usage with an existing building — Shinkawa Project

This example, in which the sensor is installed into an existing building, confirms the relevance of
the SHASE manual. .

Outline of Shinkawa building

The Shinkawa office building has a total area of 5,940 m2. Figure 4-43 outlines the building and
its equipment. The HVAC system was recommissioned to an air-source heat pump and ice
storage system, and planned using the SHASE manual. The HVAC system is shown in Figure
4-44,

Shinkawa Building Outline

~| | Type of building:Office
(This building has lent all floors.)
Year of construction:1988 Winter

Size:Total floor area 5,940m2

Description of HVAC System

1)Air-Sorce Brine Heat Pump(60kW X 2)

2)lce Thermal Storage Tank

64m3 X 2,IPF=8%,also used heating water
thermal storage tank in winter.

3)AHU/CAV on each floor and FCU for
perimeter zone.

4)VWYV sysytem W/2-way controlvalves.

5)BEMS:DDC control used LAN of fiber and
centralized supervisory control by PC.

AN47-B-M5-JP-TONETS-1

Figure 4-43  Outline of Sinkawa building
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HVAC System diagram

Air-Source Brine Heat Pump

Air Handling Unit

Fan Coil

Ice Thermal TN % % nié-% ‘l S;jgasrover
Storage Tank li:m—/l £ ,  cooling/heating

]
~

— = = o = == ——

AN47-B-M5-JP-TONETS-1 °

Figure 4-44  HVAC System diagram measurement points

Kind of measurement data
® The number of measurement

status security Siﬁrt

145 56 34

temperature| humidity Alrﬁlvm\l:lrter calorimeter power

158 1" 30 27 53

solar
radiation

others

pressure
12 3 40

The number of measurement points is relatively large
compared to this size building!

These measurement points were selected to evaluate
the energy performance of this building and the HVAC

system.

AN47-B-M5-JP-TONETS-1 !

Figure 4-45  Number of measurement points

e Type of measurement data

The measurement data shown in Figure 4-45 reveals a number of measurement points that is
relatively large when compared to the building size. These measurement points were selected to
evaluate energy performance and HVAC system according to SHASE manual standards.

All of these measurement points are measured by BEMS. The data is used to evaluate everyday
operational management and performance.

e Sensor deployment

Sensor deployment and measurement points are shown in Figure 4-46. A comparison between
the building’s measurement points (red areas) and those of the SHASE manual (green areas) is
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illustrated in Figure 4-47. Most measurement points correspond to points in the SHASE manual.
In this building, sensor deployment can result in the most detailed performance check (Level 3)
specified in the SHASE manual. It is too expensive to add the sensor which later ran short to
evaluate the fault cause and attain operational rationalization. Even if it is used with an
inexpensive temporary measuring device, the problem with sensor accuracy occurs. The
measurement plan should be done at the construction stage. It is important to deploy sensors for
evaluation and verification that may be needed in future operation phases. This is an important
aspect of Commissioning.

The division of levels discussed in the SHASE manual is:

Level 1: To grasp overall building characteristics.
Level 2: To grasp system characteristics.

Level 3: To grasp equipment characteristics
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Figure 4-46  Sensor deployment and measurement points

Relationship between evaluated performance and measurement points

Figure 4-47 shows the relationship between evaluation and measurement points.
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This measurement point is sufficient to evaluate the energy performance of the HVAC system.
The practical methods for data measurement and evaluation practiced as part of the three stages
in the Bottom-up-approach are explained in Figure 4-47. Step 1 is to check operational status to
see if any unnecessary operation is being performed. Its settings are checked against the
operation plan, or checked to see if preset values are valid. In Step 2, effective performance of
equipment is checked to see whether it conforms to the measurement data for each component.
Step 3 is an energy evaluation to ascertain the energy efficiency and load shifting ratio of the ice
thermal storage system. It is checked for HVAC system performance and whole building energy
consumption.

In this evaluation procedure, a component is evaluated first, then a subsystem, and, finally a
whole system.

How to use measurement data
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Figure 4-47  Relationship between evaluated performance and measurement points
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Evaluation of energy performance that uses measurement data

a . Energy performance of Air source heat pump

Evaluation of COP for air source heat pump is shown in Figure 4-48. The horizontal axis shows

the outside temperature; the vertical axis shows COP. It can evaluate if the operating

performance is correct by comparing driven COP with the reference value according to outside

temperature.

b . Energy performance of secondary pump

Improved control of number of secondary pumps is shown in Figure 4-49. The horizontal axis
shows the water flow rate and the vertical axis shows Pump power consumption. The top figure
shows that the data indicates energy is being wasted because the number of operating pumps is

too high. The bottom figure shows improved operating conditions.

Performance verification

Scatter chart of COP vs OA temp.
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Figure 4-48 Evaluation screen of COP of air source heat pump
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Figure 4-49  Improved control of number of secondary pumps

Conclusions

The Shinkawa project uses an evaluation technique from the bottom-up approach described in
the manual. Advance troubleshooting consists of determining the performance to be evaluated
prior to installing the sensors. By performing this evaluation periodically, optimal operation is
attained and maintained. This confirms the effectiveness of the SHASE manual.
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445 DABO™ a BEMS-assisted commissioning tool, Canada (Bottom-up
approach tool)

Since 1998, the CANMET Energy Building in Varennes (Canada) has been used to test and
demonstrate various tools developed in the context of the CANMET Intelligent Building
Operating Technologies R&D plan (Jean, G. 2004), of which DABO is the central component. In
this context and for the last 8 years an on-going commissioning process has been conducted.
DABO, a software package that uses a hybrid technology composed of conventional and
artificial intelligence techniques to ensure optimum operation of building systems has been used
actively in the project delivery system for the continuous monitoring of all HVAC equipment
and meters (e.g., terminal unit, air handling unit, plant equipment and energy meters), the
analysis of the incoming information, the detection and diagnosis of major HVAC component
faults, non optimum set points and sequences of operation and the monitoring of implemented
measures .

The Benefits obtained through the use of the DABO™ software are summarized here:

Energy savings Improved performance of mechanical systems
Reduced greenhouse gas emissions Rapid and automatic fault detection

Improved occupant comfort Energy performance monitoring

Capabilities for troubleshooting of malfunctions Reduced operating costs

General approach:
DABO includes two parts: the commissioning module and a report generator.

The commissioning module, designed to assist and perform some functions described in the on-
going commissioning process section is a module of DABO (Choiniére 2001), which serves as
the interface between the end-user (e.g., building operator, commissioning agent, and energy
manager) and the control system (BEMS). As shown in Figure 4-50 the tool continuously
monitors the building control data and stores it in a structured database to be used on-line or
upon request. Data resulting from standardized test procedures invoked manually or
automatically are also stored in the database. The database functions as a server for reasoning
algorithms that perform intelligent analyses of the monitored data, perform additional automated
tests of components and systems, identify faults and diagnose them, and evaluate potential
improvements in energy efficiency. The tool produces reports adapted to the different partners
involved in the on-going commissioning process (building operators, service technicians, energy
managers, commissioning agents, HVAC&R engineers).
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Deployment of sensors:

DABO uses various data values coming from buildings’ energy management system (BEMS).
This includes normally all control inputs, outputs, setpoints, schedules, alarms and timers. The
performance of DABO depends on the quality and variety of the data supplied to its artificial
intelligence engine.

Performance Metric:

The standardized test procedures using a bottom-up approach are performed at three levels.

At the first level, an hourly component analysis of individual HVAC devices and equipment is
performed automatically using a combination of control loop indices and expert rules to verify
their proper operation.

The second level of testing consists of an integrated system analysis to verify the operation and
energy performance of the overall HVAC system over a longer period of time (e.g., hours, days,
weeks or months). At this level a set of component performance indices and expert rules is also
used in the analysis.

The third level performs basic energy performance and operation control quality reports that
provide the information required to evaluate potential energy measures on specific devices.
Specific applications of the fault detection and diagnostic (FDD) methods implemented in
DABO are described further in Section C of IEA 2001b.
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DABO™ - Diagnostic Agent for Building Operation
Figure 4-50. On-going Commissioning Tool for HVAC Systems Embedded in DABO. DABO™ Reports

DABO™ produces four types of report to assist the user in assessing the performance of the
building, its systems and devices. These reports primarily display the data in a graphical format
and have been designed to allow the most efficient review and use of the information.

Fault Detection and Diagnosis Reports
These reports display data generated by the various fault detection functions (these are
defined as «services» in the software). Data are shown in a colour-coded table.

Commissioning Reports (COMM Reports)
These reports display data generated by the various commissioning functions or
«services» or data from the building. Data are also shown in a colour-coded table. These
reports can be customized by the user for additional statistical analysis.

Points Reporter
These reports display data from building points selected by the user. Data can be shown
as a line chart or a table. These reports can be requested from the FDD report, from the
commissioning report, or from the "Tools" menu.

Fault Management Reports
This type of report displays, by device type, confirmation of a fault repair.

Fault Detection and Diagnosis Reports (FDD Reports)
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Figure 4-51 shows the DABO™ FDD Report (no. 1) with the list of symptoms detected for a
single cell (no. 2), and for a single symptom with the related individual graph (no. 3).

The FDD report displays the number of detected symptoms of a failure by date and hour-by-hour
for all of a building’s air handling, air terminal devices and control zones. It shows also the
operation mode and provides access to detailed reports (available by clicking on the + button).
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For system M3 on February 14t between 12:00 to 13:00:
there are 4 symptoms identified by DABO.

Details of symptoms
detected for one cell

potential failure cause, the related impact, and a

3 For each symptoms identified, DABO indicates a
suggested action to fix the problem. Users could

B sy n'*tnms detected details

f_JI Symptom 1064: Return air flow higher than setpoint, return fan command at minimurn. refer to individual graph to help confirm
'uuu: Heating if the symptom identified is a fault.
Failure(s) that may have caused this symptom: > T

Point vaiues

Failure 103: Return air flow measurement

Suggested Action: Recalibrate or replace retum aiflow measurement station

Impact: May cause noise, vibrations and varlations of supply air flow and
pressure.

Failure 118: Return fan broken belf, motor or drive fallure
Suggested Action: Resel, fix or replace the fan motorthe belt or drive.
Impact: Fan stopped, no supply air.

B_

DAB

Failure 128: Return fan overcapacity
Suggested Action: Replace fan for a smaller one operating with a better efficiency.
Impact: Negafive relative pressure in control Zones.

Figure 4-51 Example of Fault Detection and Diagnosis Reports

Point Reporter (Graph and Data)

The Points Reporter displays raw data and the results of simple computations in graphic or table
format for the relevant data collected or computed during the 4 hours before and 4 hours after a
symptom is detected. The data displayed are sorted by date and time. Using the “Save Data”
option, raw data can be extracted to a separate file for use in other applications (for example:
Microsoft Excel). Figure 4-52 illustrates a point reporter report.
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Figure 4-52. A Point Reporter Report
Commissioning Reports (COMM Reports)

Commissioning Reports display performance values of devices on an hourly basis or
summarized for an entire day, week, or month. Users can adapt the report by filtering devices by
system device, system name, floor, orientation, family, and type. This allows users to observe
time-based device performance variations.

This type of report is used, for example, to manually detect non-optimum set points, to identify
devices with insufficient capacity, to identify systems with non-optimum sequences, to report
equipment performance levels, or to report comfort performance. COMM Reports are available
for all DABO™ devices.

Figure 4-53 displays performance indices for the supply temperature (PI T) and supply
temperature set point (PI TSP) as well as the average (AVG CZ PI C) and maximum
(MAX CZ PI C) zone connected cooling loads for two air-handling units. This report is used to
detect if a temperature reset control strategy, which adjusts the supply air temperature set point
as a function of the actual cooling load, performs well.

Note that the performance index for the supply temperature (PI_T) of the two air-handling units
varies over the course of the day, indicating that a temperature reset strategy is being used.
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For the M2 Laboratories unit, PI T displays the same variation and has approximately the same
magnitude as the average zone cooling load (AVG_CZ PI C). This is the expected behavior
when the reset strategy is functioning correctly.

On M3, the strategy is probably not aggressive enough since while the cooling load is quite low
(~7%), the supply air temperature index is near the mid range (~38%). This indicates that the
supply air temperature may be too low for the given load and could generate a reheat load.

Device narme Index narme | 0/1/2/3/4/ 5 | 6 ¢ 8 | 8 10 11 12 13 | 14 | 15 | 16 | 17 |18/19 3
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PLTSP [ 19 o2 2 27 15 14 12 -08 o8 2 -14

Figure 4-53. Typical Commissioning Report for 3 Air Handling Units

Figure 4-54 shows a daily VAV box performance report. Performance indices identified by the
letter ‘a’ consist of the VAV box basic monitored control points (supply air flow = 43 I/s, supply
airflow set point = 45 1/s, ATD supply air temperature =~ 18° C and heating coil valve command
~ 0%). Those identified by the letter ‘b’ are performance indices for the air terminal device
airflow = 30%, airflow set point = - 1%, cooling load = 16%, damper = 43.8% and heating load =
0% , while those identified by the letter ‘C’ display information from the zone and AHU (AHU
supply air temperature = 20° C, supply fan command ‘1= on’ and zone air temperature = 23° C).

Data are shown in grey to indicate that the AHU that supplies air to the zone is not operating
during these hours. The data indicate that the VAV-reheat box is supplying 30% of its design
airflow, the damper position is approximately 43% open, the reheat coil valve is closed, the
cooling load is close to 17%, and the heating load is at 0%. The data also indicate the ATD
supply air temperature is slightly higher than the AHU supply air temperature. This could be due
to a small heating valve leak, or could indicate the need to recalibrate one or both sensors. It
could also be due to normal heat gain as the air travels through the air distribution system.
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Figure 4-54: Air Terminal Devices — typical Commissioning Report

Figure 4-55 shows the heating network performance report for one day. The performance indices
are the average connected heating load (AVG PI H = 22%), maximum heating load
(MAX PI_H = 100%), supply water pressure N_SIP ~ 157 pa, supply water pressure set point
N_SISP = 140 pa, supply water temperature N_SIT = 76° C, supply water temperature set point
N_SITSP = 53° C, and the temperature control valve N_V = 100% bypass.

In this case, the heating hydronic network operates at 6% of its full capacity (PI DEV = 6%)),
temperature and pressure indices are over their design normal range of operation (PI_T and PI P
are over 100%), and the temperature and pressure are significantly higher than their respective

set points, making temperature and pressure set point indices very positive (PI TSP and PI PSP
=12 and 48%).

Recall that the set point indices are normally approximately equal to zero when the temperature
or pressure is maintained at its set point value. Since the valve command is 100% in bypass and
there is a heating load on the circuit, this report indicates that the valve and actuator should be
inspected to ensure there is no leakage and/or problem with the actuator linkage.
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Figure 4-55. NetNode Commissioning Report
Fault Management Report (FMR)

The Fault Management Report (FMR) is used by the building operator/manager to manage
information concerning confirmed faults in the building’s operation detected by the DABO FDD
module and subsequent operational corrective actions needed or done. In this report the user can
review actual and historical data for a specific device, for all devices of the same type, or for all
devices of a building.

Function of the information required, the FMR report can be displayed and printed in a summary
or detailed format.

The following information is reviewed in FMR reports:

Device type, System name, Fault number, Fault description, Fault start time, Confirmation date,
Fault priority, Primary benefit, Secondary benefit, Impact on energy savings, Cost, Responsible
operator, Operator's comments, Confirmation of repaired fault and Repair technician's comments

Figure 4-56 shows for all air handling units in a building a summary display of all faults detected
that need to be repaired. Figure 4-57 is an example of a detailed ‘repaired faults’ report. This
report is useful to produce a status report of actions done during a specific period.
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Figure 4-56.Typical Fault Management Report for Air Handling Unit in DABO™
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ﬁj Repaired Failures Report
B Building: CTEC
- from '2004-10-06' to '2009-10-06' g
Generated on: Tuesday 06 October 2009
DABQ
20070910 Medium  Supply air flow measurement|C: Eric Le Sensor failure, defective power supply
Bouthillier
R:Eric Le installation of a new 4-20mmA power supply
Bouthillier
20070914
2008/07 21 Medium  Cooling valve failure IC: Daniel Choiniere Check if there is a leak on the cooling valve. On july 21 the valve was at 0% and
SAT was at 16°C.
R:Leonard Linkage disconnected with the valve. Repaired linkage
Serravalle
2008/09/04
Page 3 of9
Figure 4-57 Typical Repaired Failures Report for an Air Handling Unit in DABO™

Building case study: On-going Commissioning Project

The demonstration building is the CANMET Energy Building in Varennes, Québec, Canada.
Built in 1992, the single floor 3600 m2 building includes office space for 90 people, two

laboratories, two industrial pilot plants, conference rooms and a cafeteria.

The building, designed to be energy efficient, incorporates low energy technologies such as a
passive solar preheating device, ice bank storage, photovoltaic cells, as well as a central gas
heating plant and a central electric chilled water plant. Each area of the building is served by a
specific air system designed for its occupation. The HVAC systems are centrally controlled by a

BEMS system. (Table 4-15)
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Table 4-15. CTEC-Varennes HVAC Systems

HVAC systems Capacity Location
Heating
Fire tube boilers (2) 470 kW each Building

1 primary and 5 secondary
hydronic circuits, 7 pumps,
constant volume

Cooling
1 air cooled chiller 406 kW Building
2 ice bank tanks 1145 kW-hour Building

1 hydronic circuit, 2 pumps,
constant volume

Air Handling system

M1 (CAV, HEA) 2,7351/s Pilot plant1

l\H/Ié AVCAS/) 100% fresh air, 5,8151/s Laboratories

M3 (VAV, HEA, CO) 5,500 I/'s Office phase 1

M4 (CAV, HEA) 1,265 /s Storage phase 1
M5 (CAV) 160 l/s Mechanical room
M6 (CAV) 1,030 I/s Boiler room

M30 (VAV, HEA, CO) 1,660 I/s Office phase 2
M31 (CAV, HEA) 5,200 I/s Pilot plant 2
M32(CAV) 2,000 1/s Mechanical room 2

The on-going commissioning process started in 1999 and continued until 2009. It aimed at
resolving operating problems, improving comfort, optimizing energy use and recommending
retrofits where necessary. Delivery of the on-going commissioning project system included a
series of tasks performed in four steps: planning, investigation, implementation and hand off
(Table 4-16). Tasks surveyed with DABO are shown in italics. As it is an ongoing
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commissioning process, the investigation and implementation have been gradually and
continuously performed over the 2000-2006 period. Since 2006, DABO is still used on a regular
basis to ensure the persistence of savings and detect new deficiencies.

Results for the investigation and implementation period 2000-2006 were presented in ‘Four
Years of On-going Commissioning in CTEC-Varennes Building with a BEMS Assisted Cx Tool’
(Choiniere 2004) and are summarized in the following section.

Results for the hand off and persistence period include new deficiencies that occurred during

normal operation, as well as deficiencies that were not detected during commissioning of the
various optimization projects (2006-09).

Table 4-16

Ongoing Commissioning Project Delivery System at CETC-V

PLANNING

e Choose team

e Define project objectives, scope and deliverables
e Review building documentation and energy bills
e Develop Commissioning plan

¢ Initiate cooperation with building operation team

INVESTIGATION (continuous over 6 years, 2000-06)

e Assessment

o] Site, design and occupant needs assessment
¢ Installation of DABO
e Develop and carry out diagnostic tests and system monitoring
¢ Analyze monitoring results
e Develop list of deficiencies and improvements

o Include capital improvement opportunities

o] Include training recommendations
o Select the most cost effective opportunities

IMPLEMENTATION (continuous over 6 years, 2000-06)

¢ Implement improvements identified in investigation phase

¢ Retest and re-monitor to confirm the results

e Adjust, if necessary, improvements carried out during investigation phase
e Review energy consumption reduction estimates

e Building Operator training and occupant information

HAND OFF- PERSISTENCE (continuous since 2006)
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e Prepare and present final report

o] As-Built Re-Commissioning work

o] New sequence of operations manual

o] Testing and balancing (TAB) report (air, water)
o] Energy baseline

o] Check-up of energy bills (3 months)

o] Proposal for EE measures with longer payback

¢ Implement an on-going commissioning process and energy management
plan

o] Ensure that the use of DABO is well understood by
operators so as to maintain re-commissioning benefits

Results for Investigation and Implementation Step (1999-2006)
e Implement a continuous energy management plan 1998 (in house staff)
e Reset operation schedules (AHU, hydronic circuits) (1999)

e Optimize controls and sequence of operation
0 Function of actual needs
0 Peak load management (chiller, humidification) (2003)
0 Avoid simultaneous heating and cooling
e Reset set points (AHU, hydronic circuits) (2000-05)
O Minimum fresh air
0 Supply pressure and temperature
O Night set back
¢ Fixed minor deficiencies
0 Sensor calibration
0 Low heating capacity in some rooms
0 Replacement of leaking valves
e Investment in measures with short payback
0 Addition of DDC controls (chiller, boiler 2001)
0 Link AHU M2 to solar wall (March 2003)
0 VSD on 3 fans (March 2002)
e Energy efficiency project (2005-06) $250,000
0 Conversion of pneumatic room controls to DDC
0 Off peak electric boiler (200kW)
0 AHU M2 100% fresh air convert to a recirculation system
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0 Connection on AHU M4 fresh air to solar wall
0 VSD on 6 pumps and fan motors
e Energy reduction

0 Figure 4-58 shows the impact on the energy consumption of the on-going
commissioning project implemented at the CETC-V since 1998. During this
period 1999-2006, measures implemented have resulted in a 35% reduction in
electricity usage and 45% reduction in natural gas consumption.

Results for the Hand-off and Persistence Phases (2006-2008)

Table 4-17 presents results, in terms of the number of faults detected but not yet repaired,
summarized and classified as a function of the type of fault, the level of priority to repair the
fault and the impact on the energy used. Table 4-18 presents results, in terms of number of faults
that were detected and repaired, summarized and classified as a function of the type of fault, the
level of priority to repair the fault and the impact on the energy used.

Types of faults include:
Sensor fault: This includes complete failure and incorrect reading of sensors

Defective output: This includes stuck, incorrect feedback position, and defective leakage of
valve, damper, fan, humidifier, coil, controller, fan and pump motor, etc.

Control program fault: logic (set point and output, tuning, signal instability), inappropriate
sequence of operation, incorrect minimum position, non optimal control set point and schedule,
control point set in manual

Installation problem: inappropriate control device installation or connection to control system,
undersized or oversized components,

Priority to be repaired includes:

None: These faults have little impact on energy consumption or occupant comfort and are
difficult to repair without significant modification to the system design.

Low: These faults usually have no impact on comfort and energy. They only affect the
information provided to a user in the diagnosis and analysis of control system equipment.

Moderate: These faults have an impact on energy consumption or the behaviour of all system
operations. The can also have an influence on the expected life duration of equipment problems.
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High: These faults usually have considerable impact on occupant comfort or a high impact on
energy consumption

Impact on the energy consumed: This criteria indicates if the fault causes an increase in energy
use.

Table 4-17 Number of faults detected but not repaired during 2006-09

Number of faults detected but not repaired during 2006-09
Type of fault Priority Energy
None Low Moderate High

Sensor 8 2 1
Defective output 1
Control logic 2 9 2 2
Installation 5 2 2
Total 7 20 5 6

During 2006-09, a total of 126 faults occurred in the building energy system; 94 have been
repaired while 32 are still in effect. Those repaired had no impact on energy consumption or
comfort; no major changes to system design were required. In terms of categories, 35 relate to
sensors, 37 to output, 39 to logic fault while 15 stem from problems related to installation or
design. A total of 54 faults have or had an impact on energy consumption. A total of 116 faults
were automatically detected by the various DABO™ Fault detection and Diagnosis services
while 10 were detected manually or analyzed using DABO™ Commissioning Reports.

Table 4-18. Number of Faults Detected and Repaired during 2006-09

Number of faults detected and repaired during 2006-09

Type of fault Priority Energy
None Low Moderate High

Sensor 20 4 1 12

Defective 31 3 2 20

output

Control logic 20 3 3 12

Installation 3 2 1 1 5

Total 3 73 11 7 49

Energy reduction
Figure 4-58 shows the impact on energy consumption of the on-going commissioning project

implemented at the CETC-V since 1998.

During this period, measures implemented resulted in a 43% reduction in electricity usage and an
81% reduction in natural gas consumption. In 2008-09, cost savings were $91,861 CDN,
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representing 49% of the building’s energy bills. Cumulative savings since 1998 are $592,281
CDN while the global energy used dropped from 2248 MJ/m? to 1016 MJ/m?.

Reduction in Energy consumption (%)
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Figure 4-58 . On-going Commissioning Impact on CETC-V Building Energy Consumption
Conclusions

An on-going commissioning process ensures that buildings reach and operate at their optimized
energy cost and performance levels, while ensuring comfortable conditions for occupants. The
CANMET Energy project generated a 44% reduction in the use of electricity and a 78%
reduction in natural gas consumption during 1998-2008.

DABO, a BEMS-assisted commissioning tool, monitored the enormous amounts of data
produced and provided an extensive analysis of incoming data.

The use of a BEMS-assisted commissioning tool has helped to circumvent commissioning
barriers by automating parts of the process, which has reduced the costs for commissioning.
Developing a detailed systematic and automated approach has improved the quality assurance
process and overall performance of the building. Furthermore, automating this essentially
manual process has allowed its application on an on-going basis, generating benefits over the
entire life of the CETC-Varennes building.

The optimization process and the ‘DABO™ tool are being demonstrated in more than 10
projects. Demonstration projects include some of the first Canadian LEED buildings and the
participation of major Canadian facility management firms and commissioning providers.
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DABO™ is a tool in constant evolution. Current research efforts are concerned with the
development of an energy predictor, new fault detection and diagnosis modules for heating and
cooling networks, and new analyses of BEMS data to enhance the commissioning process.

446 OASE

Office buildings and commercial buildings, particularly those subject to stringent requirements
regarding comfort and usage, comprise highly complex systems. They are designed using an
integrated approach and are marketed as "innovative" or "intelligent". It is crucial that these
buildings be fine-tuned and optimized after their initial startup. Investigations show that, during
operation, many buildings do not meet their target energy and thermal comfort performance; this
could be due to the fact that the time allocated for commissioning is often too short.
Additionally, ongoing optimization is rare. More specifically, energy-efficiency-based
adjustments to accommodate changes in building systems’ equipment or building occupancy are
often not made and the influence of parallel system operation is often ignored.

The right course has to be set out during design; the optimization of building systems cannot be
left until after operation has begun. The design goal is sustainability throughout the whole
lifecycle of buildings and their systems. Requirements for energy efficiency and occupant
comfort must be considered and implementable at planning, system design and energy
management stages. Building optimization must be made possible during operation.

What methods and tools are needed? Answers were found in the research project "OASE"
(Optimization of Automation Functions with Dynamic Simulation as the Energy Management
System), funded by the German Federal Ministry of Economics and Technology (BMWi). With
the methodology of Operation Diagnostics developed in this R&D project, recorded building
automation data is used to identify weak points in terms of energy performance, as well as any
operational shortcomings, and to derive optimization potential from them. The OASE
methodology has since been tested in a variety of demonstration buildings. It supplements
current research activities with the goal of advancing the introduction of holistic building energy
concepts in practice. This includes the development of "cost-effective energy management for
residential and office buildings" (KENWO - , Kostengiinstiges Energiemanagement fiir Wohn-
und Biirogebdaude™) and development of an "Energy Navigator," which enables partially
automated enhanced building operations by means of interfaces with the building automation
system.

OASE — Methods and Procedures

It is worthwhile to evaluate office buildings and commercial buildings over several years,
examining and assessing their energy consumption and occupant comfort based on measurement.
With this strategy, laborious analysis methods and costly measurement equipment can be
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avoided. The Operation Diagnostics process developed in the research project OASE provides a
standardized methodology and various tools that use and analyze the available energy-related
data from the building automation systems. This makes it possible to identify shortcomings and
malfunctions in building operation and to derive optimization measures. The results are
improved building performance and effective building management.

Measurement Data Visualization and Operation Diagnostics

In OASE Operation Diagnostics, the visualization of measurement data aids in the detection of
symptoms of malfunction and identifies optimization opportunities, even in complex systems.
Measured data points from building automation or energy management systems are graphically
displayed. In so-called “carpet plots”, colour-coded measurement values are shown in bars (one
bar for each day), which are arranged sequentially over the measurement period (see Figure
4-62). Operating states that recur in daily and weekly cycles become identifiable as patterns. In
scatter plots, the same data is plotted so as to display the interdependencies between various
control parameters. Thus, structures and patterns, or deviations, can be identified quickly, and
conclusions made regarding the operation of the building’s mechanical systems. With Operation
Diagnostics, the systems’ functionality and performance can be examined and assessed. The goal
is to optimize control parameters and detect flawed, ineffective or inefficient system and building
operation.

Operation Prognostics

Operation Prognostics is a methodology to incorporate dynamic building operation into design.
Operating functions and control sequences are developed in the early design phases, optimized
for the building and the technology used and documented in the form of operation patterns, the
same graphical means used for the Operation Diagnostics. During the design phase, the
operational concept is repeatedly adjusted and refined. Simulation programs can be used for
optimization. Operation Prognostics thus allows better use and implementation of the design
solution during operation. The goal is to save as much energy as possible during operation,
minimizing the building's lifecycle costs and environmental impact.

Holistic Building Operation

System optimization should not be left until after operation has begun; it must be taken into
consideration during design. This applies to the sizing, as well as the interaction of separate
systems and system components. Thus, in the course of Operation Prognostics, methods and
tools should be developed that facilitate the integration of operational strategies into planning
and operation. This is to establish the link between integrated building design and holistic facility
management.
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Early Applications of Operation Diagnostics

Operation Diagnostics systematically analyzes key energy-related data from the already installed
building control system in its current state and enables it to be used for optimization of
operations involving heating, cooling, ventilating, air-conditioning and lighting. It focuses on
measures that require no investment and that can be implemented with existing system
technology. In order to verify its benefits to architects, owners, mechanical system designers and
building operators, as well as to test its applicability to various system concepts and building
types, the methodology was put through field tests in several demonstration buildings.

Building case study 1: The Munich Re East Building

This office building was built in 1965 as a reinforced concrete structure with an aluminum
curtain wall facade. The mechanical system was replaced in 1997. The building is partially air-
conditioned and ventilated. Centralized cooling is provided by means of a chilled water system
and free cooling; heating is provided by means of a district heating connection. In the OASE
project, Munich Re's east building was subjected to operation diagnostics combined with a
measurement program to record additional temperature values and flow rates in the heating and
cooling loops. From the analysis of the operation data, a series of quick-win measures for the
heating and cooling systems were derived, which enables low to no-cost optimization of
operational management. For instance, it was shown that energy savings could be achieved by
reducing pump run times and optimizing control of the cooling loops. The data analysis enabled
comparison between the set operating times and the usage requirements, as well as verification
of sensors' functionality. In addition, the project provided a valuable base test for the
visualization and analysis procedures of operation diagnostics and for optimizing the
methodologies, tools and procedures.

Figure 4-59. The Munich Re East building, Kdniginstrasse in Munich

Building case study 2: Laboratory building ‘Forschungszentrum Jilich’
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This 3-storey laboratory from the 1960s was completely refurbished by 2002; emphasis was
placed on a new concept for ventilation and cooling. The operation diagnostics was limited to
individual data point visualization via carpet plots and accompanying annotation. Nevertheless, it
was possible to validate the refurbishment's forecast savings potential, and the operation
diagnostics helped to reveal further optimization potential regarding dynamic building and
system operation. Visualization and analysis of hourly temperature data over the course of one
year provided the operator with important tips for optimizing the building’s supply air
temperature settings. The tool also enabled clear identification and display of data transfer errors.
In view of an wupcoming general overhaul of the operational control system at
Forschungszentrum Jiilich, it would be practical to incorporate an operation diagnostics tool into
the daily operational control of the building.

Figure 4-60: The laboratory building before and after refurbishment

Building case study 3: Gebhard Miller School in Biberach

This new building was built in summer 2004. It was designed as a vocational school building, a
so-called 3-liter house. Comprehensive building operation simulations were conducted in the
design phase. As part of the research program "Energy-Optimized Building" (EnOB), the
concept was measured and optimized during operation from the beginning. This was supported
by operation diagnostics, resulting in numerous adjustments to building automation including the
optimization of operating times.

Ground water serves as the building's main heat source and only cold source; it is used with a
heat pump system in heating mode, and directly through a heat exchanger in cooling mode. With
the high electricity consumption caused by the provision of ground water, Operation Diagnostics

133 May 3, 2010



made it possible to adapt total ground water requirements to suit actual usage profile, i.e.
requirements were reduced and the efficiency of the two ground water heat pumps increased.
Analysis of requirements and optimization also resulted in a realignment of operation sequences.
The wood pellet boiler installed solely to cover peak loads was also used to supply heat to the
ventilation system at a higher temperature during the day. This operational change increased
utilization of the boiler's capacity. Operation could be optimally coordinated with the concrete
core activation (radiant heating and cooling), thereby increasing heat pump efficiency.

= =]

Figure 4-62. Carpet plot of heat pump operation in the Gebhard-Miiller School (excerpt)

Conclusion

Tools developed in the OASE project offer new ways to visualize measurement data and thus
facilitate a systematic, goal-driven analysis of building operation. Their practical benefits for
architects, mechanical system designers, building operators and owners have been demonstrated
through several actual-building applications. Currently, basic functions of the OASE tool can be
found in a number of building automation systems. The detailed analysis options are also
gradually being introduced into ongoing optimization processes.

It remains to be seen whether more widespread application of operational diagnostics will affect
building design practice. Ultimately, for energy-saving building operation, the decisive course
has to be set during design rather than after operation. In practice, however, obstacles are often
met in the implementation of identified savings opportunities, which cannot be overcome with
analysis tools alone.

For instance, in buildings with facility management, staff are often unfamiliar with systems,
usage periods and comfort requirements. Furthermore, service contracts usually contain general
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statements on energy optimization, which are not linked to remuneration provisions. No
motivation or incentive is provided for the identification and implementation of performance
measures. The service provider benefits from energy savings only after a while — if at all.

Operation Diagnostics contribute significantly to energy-efficient building operation. It "refines"
measurement values and data from building controls and automation, producing findings that
enable systematic optimization measures. Deficiencies, malfunctions and system defects can be
identified sooner rather than later, even if the building occupancy changes. As a result, motivated
building occupants can be proactive, and the building operator can react before complaints arise
without having to rely on an expert witnessing the system malfunction or defect at the time that it
occurs.
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5 Conclusions

Commissioning — and especially on-going commissioning — must cope with vast amounts of
information and data. Information on the building’s characteristics and HVAC system, as well as
measured data, e.g. of the energy consumption, state variables or control signals, must be
managed. In more complex or low energy buildings with advanced technologies this task
requires computer-aided processes or software tools because humans cannot manage the wealth
of data or extract specific information.

The tools and case studies discussed illustrate the potential for improved building performance
through the use of software tools in the commissioning process. The tools provide features for
operational fault detection and diagnosis (FDD) and/or for optimization that help to identify and
realize potential savings.

Most developed tools focus on the operation phase (existing buildings). Only a handful address
the design phase (new constructions). This seems natural as commissioning has close ties to the
operation phase and most of the built environment already exists. However, ideally,
commissioning starts in the early design phase of construction. In this context, it should be noted
that design and operation phases demand very different tool features:

Tools for design phase (new construction)

The design phase is characterized by considerable choice in solutions for building
construction and HVAC systems. The design team must find a way to meet the owner’s
project requirements (OPR). Typically this involves comparing various design
alternatives that (ideally) are based on simulation. Consequently, a design phase Cx tool
should support the assessment of different design alternatives.

More important is documentation of the OPR, basic design, target values (e.g. energy
demand), and all decisions and knowledge gathered during the design phase. This
information is essential to measurement and verification in the latter operation phase. The
current absence of complete and/or up-to-date building documentation is one of the
biggest barriers to the introduction of commissioning in existing buildings. Cx tools
should therefore support information management over the building’s lifecycle.

Tools for operation phase (existing buildings)

In the operation phase, most commissioning is made up of FDD and optimization. Unlike
in the design phase, the commissioning provider must deal with a given system without a
chance to replace major equipment (as long as no significant refurbishment is planned).
In fact, many existing buildings were not commissioned during the design phase and
many may not even have been during hand over. As a result, the commissioning provider
must often cope with a situation in which a lack of information and little measured data
exist.

Consequently, the features and scope of the operation phase vary significantly, depending
on the data and information needed to apply the tool.

138 May 3, 2010



E.g. the application of a simulation model for optimization requires detailed information
about the building’s structure and HVAC design. If these are unavailable (and there is
insufficient budget to gather them) it cannot be used for commissioning. However,
measured data may be available that can be used for visualization, e.g to create energy
signatures that reveal characteristics of the energy consumption. The kind of tool that
might be applied for commissioning depends on an existing building’s history and
documentation.

Chapter 4.3 gives an overview of developed tools.

Aside from the kind of tool, data visualization — either for manual FDD or presentation of

analysis results - was identified as a vital feature by the Annex 47 team. Chapter 4.2 gives an

overview. Automation is still uncommon in the commissioning process (e.g. for FDD).

Visualization therefore provides experts with a valuable tool for revealing information hidden in

data.

The international status of on-going commissioning (on-going Cx) and Cx tool requirements can

be summarized as follows:

There is no common understanding of the term “on-going commissioning” among the
different countries.

With the exception of the USA, on-going Cx has yet to be established as a well defined
third-party service. Nevertheless, every country offers services that form part of the on-
going Cx process.

All experts stress the importance of on-going Cx for the persistence of energy efficient
operation of buildings.

All countries (including the US) state that there are few if any commercial and/or easy to
use tools available that can be used for on-going Cx.

Moreover, all countries state that automation of the tools and thereby a reduction of
labour cost connected to on-going Cx is crucial for a wider application

Cost-benefits of on-going Cx-tool application have yet to be documented.

The Annex 47 team identified the following needs for further research and tool development to
support on-going commissioning in new and existing buildings:

Automation and a more robust application of tools (e.g. for FDD or functional testing)
remains an important issue to reduce costs.

Tools should be better integrated, i.e. not just provide one feature like FDD for an AHU.
This will make the application of tools increasingly relevant to building owners or
operations staff. The number of tools required to cover all on-going Cx-required
functionalities should be reduced.

Tools must be made easy to use and their interfaces improved.
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Finally, tools should be better integrated in the whole commissioning process. To do so, the
process itself must be better defined and standardized. An example is the need for monitoring
guidelines discussed in Chapter 3.2.
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7

7.1

APPENDIX

APPENDIX-1: Survey on sensors for energy management in
existing building

Three problems exist: cost, space, and owner agreement to install sensors in an existing building.
We assessed the current status of these problems using the “Questionnaire on sensors for energy
management in existing buildings”. The questionnaire has four parts;

1.
2.
3.

Do existing buildings have sufficient sensors to carry out energy management?

Do existing buildings have sufficient space for the installation of additional sensors?
Are affordable sensors in the marketplace equipped with sufficient accuracy for
purposes of energy management?

Do owners demonstrate an understanding of the need for additional sensors and allow
for this in their budgets?

Number of respondents:

Asia: Japan 60

North America: USA 6, Canada 1

Europe: Germany 1, The Netherlands 1, Belgium 1, Norway 3

Table 7-1- Response rates

Japan North America Europe
Design offices 15% 0% 0%
General contractors 23% 17% 0%
Construction companies 38% 0% 20%
Consultants 5% 33% 60%
Others 20% 50% 20%

1. Do existing buildings have sufficient sensors for energy management?

1) Survey about actual and required energy management level of existing building

We investigated actual and required energy management levels of existing buildings, using
the “Building Energy Management Levels” discussed in SHASE.

[Building Energy Management Levels]

A. A total amount of consumed energy is measured for the whole building (for every energy

type, monthly data).

B. A total amount of consumed energy is measured for the whole building (for every energy

type, daily and hourly data).
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C. Each energy amount categorized for HVAC, lighting, consents, elevators, etc., is
measured.

D. Each energy amount categorized for office areas, conference areas, communication
machine rooms, parking lots, etc.

E. Each energy amount for each floor.

F. Energy consumed by each equipment type, such as chillers, cooling towers, pumps, etc.
or each sub-system, such as power plant, air-conditioning system, pump system, etc.

Figure 7-1 shows actual energy management levels. Figure 7-2 shows required energy
management levels from respondents’ answers.

In Japan, most buildings measure the total amount of energy consumed for the whole building,
for every energy type, with monthly data (Level A). However, the percentage of Level B is less
than 50%, and that of Levels C-F less than 30%.

Level A ratios for America and Europe are similar to those of Japan. American and European
ratios of Levels B-F are less than those of Japan.

In contrast to actual energy management levels, respondents consider that each energy amount
categorized should be measured: HVAC, lighting, consents, elevators, etc. (Level C), or total
amount of daily and hourly energy consumed for the whole building (Level B).

Respondents in Japan answered that the required level is Level C; respondents in America
answered Level B and respondents in Europe answered Levels B or C.

Many respondents who answered Level C consider that, to improve energy performance it is
essential to analyze each energy amount categorized by use (like HVAC, lighting, consents,
elevators, etc.). Many respondents who answered Level B consider that, from a cost benefit
aspect, it would be best to measure only a few sensors but use an hourly high time resolution for
greater understanding of consumption trends.
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A. Total amount of energy, monthly
data

B. Total amount of energy, daily and
hourly data

C. Energy amount for each uses

D. Energy amount for each type of
areas

E. Energy amount for each floors.

F. Energy consumed for each
equipment

Figure 7-1 Actual energy management levels

A. Total amount of energy, monthly
data

B. Total amount of energy, daily and
hourly data

C. Energy amount for each uses

D. Energy amount for each type of
areas

E. Energy amount for each floors.

F. Energy consumed for each
equipment

Figure 7-2 Required energy management levels

2) Survey on dissatisfaction with sensors and monitoring systems in existing buildings

We investigated points of dissatisfaction related to sensors and monitoring systems in existing
buildings. Figure 7-3 illustrates the survey results. Most respondents are dissatisfied with fewer
sensors in existing building. And many are dissatisfied with sensors not being calibrated. Many
respondents consider sensor calibration to be important. The ratios for America and Europe are

similar to those of Japan.

Overall, fewer respondents in Japan are dissatisfied with inadequate sensor accuracy, poor
accuracy in monitoring systems, or miss sensor selection when compared with. respondents in

100

America and Europe (30% and 70% respectively).

100

O Japan
B America
O Furone

O Japan
B America
O Furone
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Less numbers of sensors

Sensors have inadequate
accuracy

e
No calibration for sensors A

Bad accuracy of a monitoring
system

Miss selection of sensors _—‘

0 Japan
B America
O Furane

0 20 40 60 80 100

Figure 7-3. Dissatisfaction with sensors and monitoring systems in existing buildings

2. Do existing buildings have sufficient space for the installation of additional sensors?

1) Machine room space

Figure 7-4 shows survey results on machine room space. The percentage of buildings with
enough machine room space to install additional sensors is 16% in Japan, 52% in America, and
39% in Europe. Machine room space in America is large compared to that of Japan. Small

machine room space poses a challenge for sensor installation in Japan.

Impossible to install Enough space

Possible to install
additional sensors
with no guaranty

Not enough but a certain space for installing additional
sensors in rather rough accuracy of + 10%

(a) Japan
Impossible to install

. . Enough space
Possible to install
additional sensors

with no guaranty

Not enough but a certain space for installing additional
sensors in rather rough accuracy of + 10%

(b) America
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Impossible to install
Enough space
Possible to install

additional sensors
with no guaranty

Not enough but a certain space for installing additional
sensors in rather rough accuracy of + 10%
(c) Europe
Figure 7-4. Machine room space survey
3. Do affordable sensors in the marketplace have sufficient accuracy for purposes of energy

management?
1) Survey on sensor type and accuracy

There were few valid responses concerning accuracy but there were several valid responses
concerning sensor type.

Figure 7-5 shows the sensor types most commonly used in existing buildings. They are:
resistance temperature detectors (water: 82%, air: 66%); thermo couples (water: 12%, air: 25%);
ultrasonic water flow rate (56%); electromagnetic flow (39%); thermal air flow rate (39%);
Karman vortex (21%); and Pitot tubes (11%).

Others Others

Thermo Thermo
couple couple

82%

Resistance temperature detector ~ Resistance temperature detector
Water Air

(a) Type of temperature sensor
Others

Others Thermal

Ptot tube

Ultrasonic
Electromagnetic Karman vortex

Water Air
(b) Type of flow rate sensor

Figure 7-5 Survey on sensor type
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4. Do owners of existing buildings understand the need of additional sensors and allow for
this in their budgets?

1) Owner reaction on budgeting

Figure 7-6 shows the survey results of owner reactions to budgeting. Most respondents in Japan
answered that many owners completely agree with the Level A budget but there are some cases
where owners agree with Levels C-F budgets. In most cases, owners seem to disagree with
budgets of high level energy management systems in Japan.

Trends in America and Europe are similar to those in Japan but the ratio of American and

European owners completely in agreement with Levels C-F are less.

A. Total amount of energy, monthly data

B. Total amount of energy, daily and hourly
data

C. Energy amount for each uses
D. Energy amount for each type of areas
E. Energy amount for each floors.

F. Energy consumed for each equipment

A. Total amount of energy, monthly data

B. Total amount of energy, daily and hourly
data

C. Energy amount for each uses
D. Energy amount for each type of areas
E. Energy amount for each floors.

F. Energy consumed for each equipment

A. Total amount of energy, monthly data

B. Total amount of energy, daily and hourly
data

C. Energy amount for each uses
D. Energy amount for each type of areas
E. Energy amount for each floors.

F. Energy consumed for each equipment

Japan

0% 20% 40% 60% 80%  100%

America

—

0%

20% 40% 60% 80% 100%

Europe

0% 20% 40% 60% 80%  100%

O Completely agree
B pPartially agree
O Not_adree

O Completely agree
B Partially agree
O Not adaree

O Completely agree
B pPartially agree
O Not_acree
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Figure 7-6 Owner reaction to budgeting
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7.2 APPENDIX-2 Example of error in sensing system

Figure 7-7 shows a temperature sensing method that uses PT100 Q2 (JIS C1604 class elements.
The analog portion of the temperature sensing error is shown.

®

SN

Temperature
element

Printed wiring board I

Wiring Wiring o
resistance Measurement
circuit

Figure 7-7 Indoor temperature sensing with temperature elements
1) Sensors
PT100 Q2 (JIS C1604 class A)

The resistance of this element changes from 100.00 Q to 123.24 Q) over a temperature range of
0°C to 6°C. The error is +-0.15°C at 0°C. At 60°C, there is a temperature dependence factor of
0.002*60=0.12, so the effective error at 60°C is (0.15+0.12=) +-0.27°C. This is the value
specified by JIS C1604 class A (2).

2) Printed wiring boards

The resistance in the wiring on the copper foil printed wiring board that carries the signal from
the PT100 Q element to the external pin is added as a positive resistance, which is effectively the
measurement error. The value of the error calculated from the size of the copper foil, etc. is
0.04°C. Thus, the overall error within the temperature measurement range (0°C to 60°C) is
+0.04°C.

3) Wiring

A bridge circuit that is incorporated on the instrument side, as the measurement circuit diagram
shows, cancels out wiring resistance by using three-wire wiring. However, three-wire wiring is
not entirely the same, so wiring error also exists here, and the error differs with the installation
location.

In addition to the analog errors described above, sensing system error includes AD conversion
error, which occurs in the conversion of the analog signal to a digital form. Furthermore, because
the measurement results from two temperature sensors and the flow sensor measurement results
are used to calculate the amount of heat, the errors in those measurements are included.
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7.3 APPENDIX-3 Sensors used by BEMS

The specifications of sensors used by BEMS (measurement range, accuracy, and output) are
summarized in ‘A Guide to Sensors for BEMS’ in ANNEX 16 (p. 10). One sensor that is
currently often used in performance evaluation but is not described in that document is the
ultrasonic flow meter. Typical specifications for that type of meter are listed below.

Ultrasonic type

Accuracy: RD +-1.0 to 3.0%
Nominal diameter: 13 to 5000 mm
Flow range: 0 to 60, 000 m3/h
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7.4 APPENDIX-4 Features of EB and LEB Cx Tools Developed
within Annex 47

No.01 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME DABO (Diagnostic Agent for Building Operation) Version2007
COUNTRY / ORGANIZATION Canada Canmet Energy Technology Centre-Varennes
TARGETED BUILDING SYSTEM TYPE(S) |Institutional/Commercial
CONTACT PERSON: Daniel Choiniére

Objectives |

The objective of the tool is to assist the building operator and commissioning providers in
the early detection and diagnosis of faults and optimization of suboptimal operating
parameters and sequence of operation in HVAC systems. These actions are often
included as part of an on-going commissioning process.

Table A01-1 summarizes the actions that the tool performs for fault detection and diagnosis at
the component level, system level and energy and comfort performance auditing level.

Table A01-1. Functions of DABO™

Component Level — Fault Detection and Diagnosis
Sensor: temperature, relative humidity, air flow, pressure, CO,, current
e incorrect reading, complete failure
Damper, valve, actuator

o stuck, incorrect position feedback, incorrect minimum position, defective leakage
. Coil, humidifier, fan

¢ insufficient capacity
e  Controller

¢ logic, tuning, signal, unstable

(set point, output)

e Set points: temperature, pressure, ventilation, relative humidity, CO,

e  Pointin manual

System-Plant Level — Fault Detection and Diagnosis, Optimization

Helps building operators perform analysis for the following:
e Undersized and oversized components, systems and plants
¢ Non-optimum set points
e Temperature, pressure, humidity, ventilation, start-up time

¢ |nappropriate sequences of operation and schedules

e Por enerogy management and peak load control
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Energy, Operation Quality Control and Comfort Performance Report

e Energy and comfort profile (hour, day and month)

¢ Room level, equipment level (terminal unit device, AHU, heating/cooling power plant)
o Building level (electric, gas and oil meter)

o Historical database for energy audit or retrofit

e Monitoring of energy saving measures

Functions

Functions of the tool are described using IDEFO0. Figure A01-1 shows the IDEF0 diagram of the
tool. The tool monitors measurement and control point data and analyses it to detect symptoms
of abnormal behaviour in various HVAC components, such as un-calibrated or failed sensors,
actuator or linkage failures, controller instabilities, non-optimal sequences of operation, etc. The
tool can also diagnose the possible causes and provide explanations for abnormal behaviour. It
goes beyond the capabilities of conventional BEMS alarms by utilizing the same knowledge and
reasoning that an expert building engineer would apply to detect problems. The tool analyses all
systems continuously (24 hours a day, 365 days per year).

The tool also produces reports adapted to the different professionals involved in the operation of
buildings (building operators, service technicians, energy managers, commissioning agents,
HVAC&R engineers).

Applied in an on-going commissioning process, the functions of the tool are:

During the investigation phase :
e Help to detect where and when there is a problem?

e Identification of potential problem
e Identification if installation meets occupant needs and if installation type
corresponds to building utilization

e [s optimal sequence of operation implemented?

¢ Identification of basic optimal sequence and low payback energy saving
measures to check

During the implementation phase :
e Use to check if problem persists
e Used if new control strategy performs as intended
e Use to see new E.E measures

During the Hands-Off and Persistence Phase:
e Use DABO periodically to detect faults that may prevent operation of optimal
control strategy
e Help perform tasks on the Persistence Check List to ensure performance
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Figure A01-1. IDEFO diagram of DABO

Data Management |

h 4

Commissioning
findings

Input Data: Input DATA includes (see ‘Required Information’ document for details)

Design data:

Operation data:

Measured data: Control point values ( Sensor, command, setpoint, schedule, etc.)from the BEMS

Output: DABO produces four types of reports:

FDD report displays data generated by the various fault detection services. Data are shown in a

coloured table.

Commissioning report (COMM) displays data generated by the various commissioning services

or data from the building. Data are shown in a coloured table. This report can be configured by
the user for additional statistical analysis.

Points report displays data from building points selected by the user. Data can be shown as a line
chart or a table. This report can be requested from the FDD report, from the commissioning

report, or from the "Tools" menu.

Fault management report (FMR) displays confirmed and repaired faults by device type.

Implementation
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DABO™ resides on a Personal Computer and analyzes incoming data from the BEMS. It is
compatible with most existing building control systems.

DABO™ was designed using UML standards in ‘Together’ environment. The DABO
platform was developed in JBuilder and Together environments (Borland Enterprise
Studio 7 for Java) in the JAVA programming language.

Excelsior v4.1 software was also used to create Windows (2000 and XP professional)
executables from Java machine dependent packages.

The fault detection expert rules are coded with an expert system programming language
called “OPS/JAVA”.

The connectivity to BEMS application is coded in C++.

DABO™ uses a relational database usually managed on an SQL 2000 database server or
equivalent.

Operability

DABQO’s real-time optimization service analyzes data at three levels:

At the first level, an automatic component analysis of individual HVAC devices and equipment
is performed using current commissioning and FDD procedures to verify their proper operation.
These tests are performed each hour. This level uses a combination of calculated performance
indices and a Rule Based Expert System to perform the analysis; further explanations are
provided in the following sections. The DABO reports for the Fault Detection and Diagnosis
Component analysis are called FDD reports.

The second level of testing consists of an integrated semi-automatic system analysis to verify the
operation and energy performance of the overall HVAC system over a longer period of time
(e.g., hours, days, weeks or months). This level uses a combination of calculated performance
indices, graphical statistical analysis and HVAC system optimization reference tables to help
users of the tool to perform an on-going commissioning analysis of the installation. Further
explanations of the performance indices, statistical analysis and reference optimization table are
provided in the following sections. The DABO reports for the Fault Detection and Diagnosis
(System and Plants) analysis are called COMMISSIONING (COMM) reports.

On the third level basic energy, comfort and operation control quality auditing is performed. This
step uses a combination of calculated performance indices, graphical statistical analysis and user
defined report structures to audit the installation. It also helps to follow energy saving measures
and to provide full building historical data that could be used in various detailed energy audits
and in the development of HVAC and lighting system optimization concepts. The DABO reports
for the energy, operation control quality and comfort performance analysis are also called
COMMISSIONING (COMM) reports.
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| Analytical Engine

The tool is based on a combination of artificial intelligence algorithms (Rule Based Expert
System), calculation of performances indices and graphical statistical analysis.

| End Users

The tool is designed to be used by building operators, service technicians, energy managers,
commissioning agents, and HVAC&R engineers as a function of their respective needs. (fault
detection, system optimization, performance evaluation, ensure persistence of commissioning
and energy savings measures benefits)

Benefits |

Benefits of DABO within the on-going commissioning process are:

General:

15-30% energy savings

Improved comfort and reduction of complaints
Facilitate maintenance

Ensure Persistence in energy savings measures
Extend HVAC equipment life

During Investigation and Implementation:
e Widespread application by reducing its cost
e Improve the quality assurance process
e Allow application during entire life of the building

During Hands-on and Persistence of benefits

e Help to structure the continuous process
Optimize the periodic check list verification
Improve the quality assurance process
Reducing persistence cost
Keep historical Data

Target Systems to be tested

The tool is actually tested in 10 Recommissioning projects (demonstration) across Canada. It is
applied for Air- handling unit, air distribution system, heating and cooling network and energy
management strategies. Demonstration projects include office buildings, a warehouse, a
convention center and a courthouse.

No.02 SUBTASK B: Commissioning and Optimization of Existing Buildings
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TOOL NAME CITE-AHU
COUNTRY / ORGANIZATION USA/ National Institute of Standards and Technology
TARGETED BUILDING / SYSTEM TYPE(S) Air Handling Units
CONTACT PERSON: Natascha Milesi Ferretti
Objectives |

CITE-AHU is a software program designed to facilitate the analysis and maintenance of air
handling units in office buildings. Operational faults for AHUS in office buildings can
negatively impact energy consumption, maintenance costs, thermal comfort for the occupants
and environmental protection.

CITE-AHU aims to facilitate the monitoring of AHUs and provide the ability to detect faults
related to improper operation, using the APAR Algorithm (expert rules), to present results in a
hierarchical way with a list of likely fault causes, and to assist in documenting results, providing
electronic reporting templates.. The goal is to optimize the system performance in terms of
occupant comfort and energy management. It was conceived exclusively for tertiary buildings
equipped with one (or several) AHUs. The fault detection method developed can be applied to
several types of single-duct air-handling units.

Functions |

The tools main function is to detect faults in the air-handling unit. Non-standard features include
heat recovery, humidifier, economizer. Active testing, injecting test signals to evaluate system
responses under various conditions, are carried out using BACnet. Passive monitoring, using
BEMS data, can be performed regularly (daily, weekly, or monthly).

The types of faults that can be detected are :

Mechanical failures such as failed/drifting sensors, stuck/failed actuators, duct blockage,
leaking valves/dampers, slipping/broken belts, etc.,

Control problems such as PID loop tuning, inappropriate setpoints, manual overrides, and
incorrect sequences/programming,

Degraded performance including heat exchanger fouling,

Design faults such as undersized duct/piping, mismatched components, inappropriate
zoning.

Data Management
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Data is obtained directly through the BEMS. Typically 1 min to 10 min data readings are
needed. This data can be obtained using the BACnet Data Source, a NIST-developed program
that facilitates data collection with and BACnet enabled devices. The time-series data is
collected in CSV files with columns for the date and time stamp, along with the requited input
data, presented below.

Input Data
— Supply, return, mixed, and outdoor air temperature

— Outdoor air humidity and/or return air humidity and/or enthalpy (for enthalpy-based
economizer control)

— Heating coil valve signal, cooling coil valve signal, damper control signal
Output Data

A graphical user interface presents weekly summary of data analysis results, providing users
with the ability to drill down for greater detail and additional visualization tools

In addition to the graphical display, fault reports are generated and can be archived. In Active
testing, control signals and setpoint changes are made directly to the controllers using the
BAChnet Data Source.

Training Data

No training data required, but expert knowledge of the system is needed to configure the tool
(control sequences, fault thresholds) for the application.

| Implementation |

CITE-AHU resides on a personal computer and analyzes the data from the BEMS using
imported CSV files. In its current version, developed in Visual Basic, expert rules are
incorporated in the software.

The BACnet Data Source used to facilitate data collection is implemented in C and C++. It is
implemented by user who defines scenarios into the active test in a module of Cite-AHU.
Communication is established with the BACnet dll by sending a matrix, and the command is
then sent to the AHU.

Operability
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CITE-AHU software uses the control signals to detect the specific operating mode. For each
operating mode of the air handling unit, expert rules have been developed in order to detect
common operational faults. Each time that the conditions of an expert rule are satisfied, faulty
operation is identified.. In the event of awkward repetition of certain faults, the software allows
the user to disconnect the faults for each operating mode. Each fault corresponds to one or
several fault causes. The software posts the cause the most often detected and thus the most
probable.

There are 8 operating modes:

Heating: the supply air is heated by the heating unit (this air is composed of X% of fresh
air and (100-X) % of return air),

Free cooling: fresh air is mixed with return air and is neither heated nor cooled
mechanically,

Mechanical cooling with 100% of outdoor air: the supply air composed of 100% of
outdoor air is cooled by the cooling coil unit,

Mechanical cooling with a minimum of outdoor air: the supply air composed of a
minimum amount of outdoor air is cooled by the cooling unit,

Night cooling: this is for free cooling during unoccupied periods when temperatures permit
supply air,

Frost-protection: this operating mode of the air handling unit is switched on when outdoor
air is too cold in order to protect the installation,

Stop: the air handling unit is stopped.

Unknown: this operating mode is detected when none of other operating modes are
activated and detected.

Each operating mode has its own rules of operation. When the operating data is evaluated, faults
are detected by the software. Furthermore, because in many cases, there are multiple causes that
can cause a specific fault, a list of possible fault causes are presented to the user.

If certain faults keep recurring, the software allows the user, for each operating mode, to
deactivate the faults which you no longer wish to observe (i.e., if a service call has been
scheduled to address a specific problem

Steps followed by the CITE-AHU software:
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Acquisition Interface

ﬂ:ﬁdule 1 Transfert data from BEMS database to
FOD database

Data Filtering

Module 2 Eliminate inconsistant values and filter
data with a maoving average window

Mode Estimation

Module 3 o :
Estimation of operating modes

Threshold Estimation

Module 4
l— Estimation of FDD threshold
FDD Rules Application
Module 5 .
— Apply FDD rules
Diagnostic Application
Module &

Suggest likely fault causes

| Analytical Engine |

The FDD tool (Visual Basic) is a rule-based expert system, using principles developed by CSTB
and NIST.
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End Users |

The primary users of the tool will be (1) commissioning agents performing tasks to verify correct
installation and operation, and (2) building operators/ energy managers who want to monitor
performance of multiple AHUs on an on-going basis, performing seasonal pre-functional checks

Benefits |

CITE-AHU aids building operators in decision-making by analyzing data collected from the
building energy management system (BEMS) and evaluated using a set of expert rules governing
the proper operation of the mechanical equipment. Thus, CITE-AHU software has many
advantages in particular:

- It can analyze large batch files to face the mass of information to be analyzed (which is
processed by means of computer),

- It analyzes and a treatment of this information collected from the BEMS,
- A fault detection of the installation by rules of calculation,
- A presentation of the simplified results simplified in the forms of graphs and tables,

- A diagnosis by writing a list of possible causes of each fault detected. It determines also their
priorities thanks to a system of hierarchical organization of the faults.

Target Systems to be Tested

DESCRIPTION OF TWO AHU CONFIGURATIONS
The first AHU layout, shown in the figure below, is a constant air volume system with the
following components:
e A constant flow air supply fan supplying the terminal units via a single duct air
distribution
network to provide conditioned air to the various building zones,
. An exhaust fan to extract air from the occupied zones,
. Fresh air, mixed and exhaust dampers to regulate the flow of air supplied to the building,
. A heating coil unit to heat the supply air,
. A cooling coil unit to cool the supply air,
. A filtration unit to trap particles in the air, and
. A humidifier to regulate the relative humidity of the supply air.
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The second AHU layout, shown in the figure below, is a variable air volume system with the
following
components:
e A variable flow air supply fan supplying the terminal units (VAV unit: Variable Air
Volume)
e via a single duct air supply network to distributes the air to the various parts of the
building,
. An extractor fan to extracts air from these areas,
. Fresh air, return and mixed and exhaust registers to enable part of the air extracted from
the building to be used in order to heat up the delivery air,
. A heating coil unit to heat the delivery air,
_ A filtration unit to traps particles in the air.

dret o Marche
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Case Studies (Completed)
Korean Institute for Energy Research, Taejon, Korea, 3 AHUs
Centre Scientifique et Testing Du Batiment (CSTB), Paris, France, 2 AHUs

NIST Simulation w/ real controllers, Gaithersburg, MD, USA, 2 AHUs

Case Studies (Planned)

NIST Campus, Gaithersburg, MD, USA, 6 AHUs

No.3 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME Proto-type FDD tool "i-BIG" for HVAC systems
COUNTRY / ORGANIZATION The Netherlands / TNO Built Environment and Geosciences
TARGETED BUILDING / SYSTEM TYPE(S) |Any type of buildings / Air handling Units
CONTACT PERSON: Henk Peitsman, Lucienne Krosse
Objectives |

The tool is for fault detection and diagnosis (FDD) of HVAC systems, regarding the operation of
the HVAC system and also to review the operation conditions of HVAC components to enable
component and system level optimization, which will be termed continuous optimization. The
tool is installed in a PC, (i) connected to the data monitoring network of the Building
Automation System (BAS) or (ii) by remote control. The use of the current tool supports to keep
Air Handling Units (AHU’s) maintaining normal status constantly. The tool helps detect faulty
situations.

Functions |

The function of the tool is to detect faulty places through the whole AHU system. Most
component level faults and some system level faults can be detected using the tool.
The tool can maintain optimal performance of the AHU by on-going commissioning (ongoing
monitoring).

Examples of faults: (i) faults in system control, (ii) faults in schedules of operation, (iii) design
errors (e.g. undersized or oversized equipment), (iv) inappropriate room temperature settings by
occupants.
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Data Management |

Data from existing BEMS must be used whenever possible. Data of 10-minute intervals or less
are necessary to detect fault or poor performance operation. If no data from BEMS are available,
assumptions must be made concerning (i) operation of HVAC, (ii) threshold values. The
measured time-series data is stored in CSV files, which have a defined time label in each row.
The time label indicates year, month, day, day of the week, hour, minute and second.

Examples of input data:

Weather data;

Room temperature and humidity;

Inlet/outlet water of heating and cooling coils;
Supply air temperature;

Schedule of operation;

All type of set points;

Mass flow rates if available;

etc.

Implementation

i-BIG resides on a personal computer and analyzes the data from the BEMS. In its current
version, expert rules are incorporated in the software. The i-BIG tool is developed in Visual
Basic.

Operability

A user interface is developed based on continuously monitoring input data of the HVAC system.
It shows graphical output of sensor and control signal as a function of time, and associated fault
conditions and diagnoses. System faults or troubles, including possible causes or inappropriate
operation, are presented. Trend curves are presented on the screen. Operation vizualisation
module presents (i) analog input sensor signals and (ii) control signals.

| Analytical Engine |

The FDD tool (Visual Basic) is a rule-based expert system, using principle developed by CSTB
and NIST.

| End Users |
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The primary end users of the tool will be (i) service companies responsible for HVAC system
maintenance. They will use the component level diagnostic information to assist them with
troubleshooting and to prioritize maintenance activities; (i1) building operators/energy managers
who want to gauge the performance status of the HVAC systems; (iii) Re- commissioning

providers can also use the tool to prevent faulty operation and ensure good performance of the
HVAC systems.

Benefits

Benefits of i-BIG use in on-going commissioning process:

Improved comfort and reduction in complaints
Energy savings: 10-35 %

Facilitate maintenance and service companies
Extend HVAC equipment lifecycle

Optimize periodic check list verification

Keep historical data

Target Systems to be Tested |

The tool is actual tested in two projects to demonstrate its benefits for AHU system Fault
Detection and Fault Diagnosis (FDD).

Data is automatically collected in our laboratory from an AHU in a swimming pool (remote). A
second project is executed at a hospital AHU.

No.4 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME Performance Analysis Tool for Heating System
COUNTRY / ORGANIZATION Norway/ Norwegian University of Science and Technology
TARGETED BUILDING / SYSTEM TYPE(S) [Heating system
CONTACT PERSON: Natasa Djuric

Objectives |

The tool is aimed at heating substations in the district heating supply. It is for use at the system
level to estimate performance. The operators usually assumes causes of faults in the case of a
problem. With this tool the answer can be found systematically. The tool is configured to
estimate abnormal indoor temperature and gauge if there are some biases in the set parameters.
In addition, it can estimate changing energy consumption due to bias. The tool can assist in
determining faults in the heating system.
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Functions

The tool consists of two parts: the calculation part and the fault diagnosis part, shown as 2D
plots. Tool functions are described using IDEFO in Figure 1. The calculation part consists of two
modules: the heat balance model, which is shown as Activity C1 and C3 in Figure 1, and the
optimization module, which is shown as Activities C2 in Figure A04-1. The fault diagnosis part
is shown as Activity C4.

Minimal percent difference between

Setpoint for Supply  Heat Balance measured and calculated values
Water Temperature l
i
v v

Date, Time Calculate Indoor Air Temp.,

Measured: Return Water Temp., and
Outdoor Air Temp. 1, ’ Total Herating Energy Indoor Air
Energy Cons. of Tap ¥ Consumption Temp.
Water 1 > c1

A

Consumption
’ Calculate UA for walls

. Return Wate}l
Measured: Y and KA for radiators |

Indoor Air Tem. 1, Temp.
Return Water Temp. 1, » C2 UA
Total Heating Energy A
Consumption 1

A A
KA b Calculate Indoor Air Temp., [ —
Return Water Temp., and
Measured: N Total Herating Energy
Outdoor Air Temp. 2 Consumption
Energy Cons. of Tap c3
Water 2 2

Indoor Air
Temp.

y

Consumption|

4 Report
on Faults|
—

Measured: Lyl
Indoor Air Tem. 2, FDD
Supply Water Temp.
Total Heating Energy g c4
Consumption 2 I

Optimization toolbox MATLAB
MATLAB in MATLAB MATLAB

NODE: [rme: Performance Analysis Tool for Heating System [vo:  CO

Figure A04-1. IDEFO tool diagram

Data Management

Figure 1 outlines the information required for application of the tool using the IDEF0O diagram.
The input data on the left are used as hourly data. Index 1 beside input data in Figure 1 implies
that this data set is used for model calibration, while Index 2 implies data used for fault
detection. The input data are obtained by additional measurements (like outdoor temperature and
tap water energy consumption) and logging in BEMS. The output data are used for 2D plots.

Implementation |
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The calculation part of the tool is developed in MATLAB and consists of two modules: heat
balance model and the model calibration/optimization module. The tool is configured using
BEMS data and on-site measurements. In addition, approximate values of the building envelope
characteristics and radiator properties are required.

Operability

The tool output is of practical use to building operators. Figure 1 shows the calculation part that
is research work, while rules for fault diagnosis, the tool output, are of practical use to building
operators. Tool outputs are given as 2D plots both for correlation and time-series. This way, fault
diagnosis rules are generated by detecting biases in performances.

Analytical Engine

The tool is based on the simple heat balance model. The model is calibrated by comparing the
measured data to model output data for each time step. The system model is developed in
MATLAB. The calibration is performed using a sequential quadratic programming algorithm.

| End Users |

The tool is designed to be used by building operators.

| Benefits |

It is difficult to get a model that performs similarly to a real system. By using an optimization
algorithm a simple model can be easily calibrated against real data. When the model is
established, it is simple to utilize it for fault detection by comparing the model outputs to actual
performances.

Target Systems to be Tested

The tool was tested on the Material Technology Building on the campus of the Norwegian
University of Science and Technology in Trondheim. Data collection and logging was easily
supported by the building operators. Afterwards, results and fault causes were easily understood
when presented in 2D plot formats.

No.5 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME [not yet defined]

COUNTRY / ORGANIZATION Germany / Fraunhofer Institute for Solar Energy Systems
TARGETED BUILDING / SYSTEM TYPE(S) | Whole Building (non-residential)

CONTACT PERSON: Christian Neumann
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Objectives

The tool can be used and supports a top-down analysis approach for the evaluation of building
performance. To date, tool features are: predefined visualization based on a minimal data set and
automated outlier detection for energy and water consumption (see next paragraph). The tool is
used for manual fault detection and diagnosis based on visualization, followed by continuous
monitoring using the outlier detection feature.

Originally, the idea was to couple the tool wherever possible with the EPBD but as a result of the
actual state of the EPBD, linkage between commissioning and EPBD is difficult.

Functions

The analysis features offered in the tool are:

Predefined visualization (time series, scatterplots, carpetplots) based on a minimal data set (see
below). Visualization is based on a minimum data set with a unified point naming convention.
That is, as soon as the data point names are defined the visualization is performed automatically,
including data filtering and grouping.

Outlier detection on energy and water consumption. This feature is also based on the minimal
data set. It identifies the energy signature based on daily energy consumption values, taking into
account different day types. After training it can be used for outlier detection.

A feature still under development is model-based analysis (simplified dynamic) that calculates
reference values for daily energy consumption.

The minimal data set is recorded every 5-10 minutes on an hourly basis

Data Management

The data (measured data and meta data) is persistently stored in an HDF 5 file. The data is
structured within the file according to project, subproject, subsystem, sensorgroup, sensor. Charts
and analysis results are also stored in the data. This allows different user interfaces (like
webfrontend, GUI, console) without implementing functionality every time.

The minimal data set recorded comprises: total delivered energy consumption, total water
consumption, weather data, temperature and humidity of reference rooms, system temperatures
of main loops (air and water), major AHU exhaust and supply air moisture.

| Implementation |

The software is developed with python (www.python.org), an open-source scripting language.

To implement functionality, several existing libraries (open source) will be used (like matplotlib
for generating charts, scipy for numerical operations, etc.)
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Statistic environment R (www.r-project.org) will be used for statistics analysis.

| Operability |

For our projects, results are presented as a web-based service (see: www.modben.org and

www.buildingeg.eu). Data and visualizations are accessible there. A GUI 1is under
development(May 09).

| Analytical Engine |

A robust linear regression approach combined with clustering and standard optimization routines
are used for statistics analysis (identification of energy signatures, detection of outliers). The
model based approach developed now is based on CEN standards

End Users |

As the manual FDD based on visualization requires system knowledge, the end users to date are
trained operation staff. We hope to automate at least part of the analysis.

Benefit

Visualization:

Easy to apply, applicable to nearly every building, automated data processing and information
generation

Automated oulier detection:

Quick detection of abnormal energy/water consumption.

| Target Systems to be Tested

Whole building/Overall building performance. 9 demonstration buildings in Germany and eight
additional buildings throughout Europe.

No. 6 SUBTASK B: Commissioning and Optimization of Existing Buildings

COUNTRY / ORGANIZATION Japan / Kyushu University
TARGETED BUILDING / SYSTEM TYPE(S)
CONTACT PERSON: 'Yasunori Akashi, Daisuke Sumiyoshi

Objectives |
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This tool is intended for on- going commissioning and be applied mainly to commercial use
central air-conditioning systems.

| Functions |

This tool optimizes energy consumption and the indoor environment by changing set values of
the HVAC&R system.

| Data Management |

Input Data

- Weather data (outdoor temperature and humidity, general weather conditions)
- Room temperature and humidity

- Inlet/outlet water temperature of chiller and coil

- Supply air temperature

- Schedule of operation

These data can be obtained from BEMS.

Output Data

Optimized set-points concerning the following:

- Room temperature and/or humidity

- Inlet or outlet water temperature of chiller and coil

- Supply air temperature, etc.

Implementation

The analysis is carried out in the following manner.

1. One day after weather data are predicted from current weather data.
Prediction load data are made.

The air-conditioning system simulation is carried out using prediction load data.

> » D

Optimize set-points by repeating step 3. A genetic algorithm is used for the optimization
method.
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| Operability |

Not Defined

| Analytical Engine |

fortran

| End Users |

This tool is included in BEMS and automatically moves. The Building operator manages it
basically.

Benefit

This tool can optimize the operational method considering thermal load prediction errors.

Target Systems to be Tested

The HVAC&R experimental analysis building in Kyushu University campus will be used to
verify the tool prototype. We are planning to use one more office building for a case
study(TBD).
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Used At: Author Y. Akashi (Kyushu Univ.) and D. Sumiyoshi(Building Research Institute)

Date : February 20th, 2009 |Context:

Confirmation and review of operation condition

v
The operating policy | Optimization policy (evaluation function)
is decided.
A
A
The best set values
Operation data » are calculated with
the tool.
B
A
Operation actually —
Optimized set values
C
Building owner PC Operator(Only the watch)
Cx provider
Operator
Node : Title : Optimization Tool for Air- Conditioning System Operation Considering Thermal Load Prediction Errors | Number : Root

Figure A06-1 IDEFO tool diagram (Root)
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‘Author:ﬂ Y. Akashi (Kyushu Univ.) and D. Sumiyoshi(Building Research Institute) |Date : February 20t", 2009 |Context:

Used At:
The weather
forecast
Weather data Forecast of |
(temperature weather data
d humidit
and humidity) B1
Forecast of
internal heat ——
Operation data generation B2
A
Correction data
Grasp of prediction of forecast value
—
Past forecast error ¥
—
result B3
Optimized Optimized set
Forecast result calculation values
of weather data Forecast result B4
of internal heat generation
ARIMA model HASP/ ACLD/ 8501
HASP/ ACLD/ 8501
Genetic algorithm
Node : Title : Optimization Tool for Air- Conditioning System Operation Considering Thermal Load Prediction Errors | Number : B

Figure A06-2 IDEFO tool diagram (B)
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Used At: Authorl Y. Akashi (Kyushu Univ.) and D. Sumiyoshi(Building Research Institute) |Date : February 20t, 2009 |Context:
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of internal heat Forecast
Weather data generation procedure
(temperature and v Correction of assumption value
humidity)

Room temperature 4,—» Heatl Isad M

and humidity simulation
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B24
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Node : Title : Optimization Tool for Air- Conditioning System Operation Considering Thermal Load Prediction Errors | Number : B2

Figure A06-3 IDEFO tool diagram (B2)
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Used At: ‘Author:ﬂ Y. Akashi (Kyushu Univ.) and D. Sumiyoshi(Building Research Institute) ‘Date : February 20th, 2009 |Context:

Choices of set Correction data Building data
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Node : Title : Optimization Tool for Air- Conditioning System Operation Considering Thermal Load Prediction Errors ‘ Number : B4

Figure A06-4 IDEFO diagram of the tool (B4)

No. 7 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME IAn on-going commissioning tool for VRV package systems
COUNTRY / ORGANIZATION Japan / Chubu University
TARGETED BUILDING / SYSTEM TYPE(S) VRV Package Systems
CONTACT PERSON: Motoi Yamaha
Objectives |

The tool's objective is to evaluate performance of VRV packaged HVAC systems, whose
capacity is almost impossible to measure when operating. The tool predicts energy consumption
of the VRV systems from refrigeration cycle simulations without measuring their cooling
capacity directly. By comparing predicted energy consumption with one that is actually
measured malfunction or inadequate operation may be detected.. Improved operations and
management could result.

Functions

The functions of this tool are:

176 May 3, 2010



energy consumption calculation for given building and weather data
detection of inadequate operation

determination of base line from calculation in certain period.

Functionality is shown in the IDEFO flow chart.

Building Specifications
specifications of systems

Weather l l Weather data

dat ——p|Comparison  of]
a predictions and

Energy —pImeasurements _ Energy base
Consumption p{Calculation | line
> of base line >
Predicted
consumption T
Refrigerant
cycle model Statistics
package

Figure A07-1 IDEFO Flow of the tool

Continuous comparison between estimated and measured energy consumption can detect:

Design errors (e.g., undersized or oversized equipment)
Installation problems (e.g. excessive length of refrigerant pipes)
Faults in system control

Inappropriate room temperature settings where occupants control VRV systems individually.

Data Management

Input data are energy consumption of VRV systems, outdoor temperature, humidity and building
and system configurations.

The analytical engine produces the comparison of estimation and measurements. Discrepancies
reveal system faults or poor operation. Tools can be used for on-going system analysis.

It is impossible to conduct load calculation under exact conditions used by building. The tool
should be calibrated for the specific building. This is under development.

Implementation

The tool was developed for university buildings. Since building management systems were not
applied to such buildings, the tool is currently being used in off-line calculation. The tool
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combines computer program and package software; it could be implemented in any existing
buildings whose data can be presented in a common file format.

Operability

Tool programs consist of:

- heat load calculation programs: independent from the tool itself and that use software such as
EnergyPlus or TRNSYS.

- energy consumption predictions: a dedicated program that uses a simulated refrigerant cycle.

- data analysis: comparison and statistical analysis are made using Excel, R, etc.

Analytical Engine

Cooling and heating load are calculated from load calculation programs. The estimated energy
consumption of VRV systems is obtained from the model that simulates the refrigeration cycle of
VRV systems. The comparison will be presented.

End Users

The tool is not fully developed for building operators or energy manager unaccustomed to using
computer programming. Therefore end users are currently limited to researchers.

Benefits

Although quantitative benefit was not obtained using the tool, it can evaluate performance of
VRV systems, which is difficult measure.

Target Systems to be Tested

The tool is used exclusively with VRV packaged HVAC systems.
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No. 8 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME OH Saver

COUNTRY / ORGANIZATION Japan / Hitachi Plant Technologies, LTD.
TARGETED BUILDING / SYSTEM TYPE(S) [non-residential (office)building / overall performance
CONTACT PERSON: Hiroo Sakai

Objectives |

The tool is aimed at monitoring the operating condition for HVAC system operation under the
most adequate set-points to ensure minimal energy consumption. The tool is also used to
optimize operation but for commissioning the whole system, sub-systems and equipments.

Functions

1) monitor operating condition and current set-points

2) calculate optimum operating condition and set-points to minimize total energy
consumption

3) calculate the difference between optimum operation and normal manual operation

4) edit data to analyze performance trends for purposes of commissioning

| Data Management

1) monitor data every 5 minutes
2) file data on temperature and flow rate for chilled water, condenser water, air supply/return
3) make list of set-points from optimization calculation

4) edit the operating data for commissioning

| Implementation

The tool is available for all office building HVAC system operation except non-central HVAC
systems, such as a multi-packaged system. It requires data monitoring and directing devices and
a data transferring system like Eathernet, BACnet and LONTALKS.

Operability
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The tool is developed for application in the automated operation of HVAC system. It requires an

adjustable period of one season to adjust equipment objects (mathematical models to explain the
operating characters) as they are on site.

| Analytical Engine
f(x)=ke X E;(x)+kg £ G;(x)

f(x): Evaluation function

X: Optimization variable

KE: Primary energy conversion coefficient for electricity[kJ/kWh]
kG: Primary energy conversion coefficient for gas [kJ/ m3]

Ei(x): Consumed power [kW]

Gi(x): Gas consumption volume [m3/h]

| End Users |

Non-residential building owners

| Benefits |

In initial use in the Tokyo area, about 21% of the energy used for HVAC systems was saved
throughout the entire year and 25% saved in summer.

Target Systems to be Tested

Non-residential buildings
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Used At:

Author H. Kikuchi (Hitachi Plant Technologies, Ltd., JPN)

Date : February 18", 2009 |Context:
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No. 9 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME Initial Cx Tool for HYAC System in Large Enclosure
COUNTRY / ORGANIZATION Japan/SANKO Air Conditioning CO.,LTD.
TARGETED BUILDING / SYSTEM TYPE(S) |Any Type
CONTACT PERSON: Mingjie Zheng

Objectives |

The tool conducts initial commissioning at the design phase of large enclosures such as
gymnasiums. The tool can be used to predict indoor climate and to detect possible design faults.

| Functions

Figure 1(1) shows the IDEFO diagram and tool function. Figure 1(2) is a detailed diagram of
Activity BO in Figure 1(1).

The tool’s main functions are:

1) To obtain room air temperature and flow direction distribution by CFD. (Activity A0 in
Figure 1(1))

2) To calculate supply air temperature by PID simulation. (Activity B0 in Figure 1(1))
3) To calculate pick-up time. (Activity CO in Figure 1(1))

4) With this tool, analysis can be performed to optimize design and operation parameters.

| Data Management |

The 10-minutes interval database is necessary to test and verify the simulation model. The input
data include indoor air temperature gradient, supply air temperature and volume, building skin
material characteristics, outside surface temperature of building skin, and control parameters of
supply air temperature.

The output data include indoor air temperature gradient, the warm-up time at the peak-load day.

Training data is the same as input data. In the training process, the output data will be compared
with measured values.

Implementation
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This tool comprises a CFD software available at stores, a PID analysis tool developed by the

author, and a data transfer text file.

Operability

A convenient interface comes installed with the CFD softwareand because the PID analysis tool

is easy to use,, there is no need to develop another interface.

| Analytical Engine |

CFD, PID analysis tool.

| End Users |

Commissioning authority, system designer.

| Benefit |

This tool is very useful in detecting design errors in HVAC systems used in large enclosures.

| Target Systems to be Tested |

Two case studies will be conducted in gymnasiums in Japan.

Used At: | Author: Mingjie Zheng (Sanko Air Conditioning CO.LTD.) | Date: March 6th, 2009 Context
Supply air temperature
Weather conditions (outdoor air
temperature, solar radiation, etc), internal
heat generation and generating position
Shape and position of each air supply
aperture, flow in/ out air velocity,
turbulence energy and loss rate Air ‘E"WF’;“:: of room sensor or Calculate supply air
CFD e by PID
Room shape, boundary condition of each simulation
outer surface, mesh shape and division rate
Turbulence mode, finite difference scheme, Set point of
convergence judgment criteridl of the coupled room air
linear equation and pressure correction temperature
A0 BO
Calculate pick- up time T T
by comparing the set PID control Time delay and
paint of room air parameter dead band of
temperature with air room air sensor
temperature of sensor
or RAIl temperat 0 Dynamic characteristic
valve
\L Time step of room air
. . temperature control
(eﬁ'?;lu;eo:rﬂa&;,l Outputl Room air temperature or set
direction distribution PP time point of RA temperature
Node: Title: Initial Cx tool for HVAC Systemin Large Enclosure Number:  Root
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Figure A09-1 IDEFO tool diagram (Root)

Used At: |

Author: Mingjie Zheng (Sanko Air Conditioning CO.LTD.)

Date: March 6th, 2009 Context

Air temperature of room
sensor or RA temperature

Opening rate of

Time step

room air sensor

Dynamic characteristic

of valve

of room air

temperature control

Room air temperature or set

point of RA temperature

f———= Outputll supply air temperature

PID AHU valve Calculate supply air
temperature
B1 B2
PID control Time delay and
parameter dead band of RA temperature

Node:

Title: Initial Cx tool for HVAC System in Large Enclosure

Number:  BO

Figure A09-2 IDEFO tool diagram (B0)
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No0.10 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME gyl}%mg Type FDD Tool with Pattern Recognition for VAV
COUNTRY / ORGANIZATION Japan/SANKO Air Conditioning CO.,LTD.

TARGETED BUILDING / SYSTEM TYPE(S) |Any Type

CONTACT PERSON: Mingjie Zheng, Song Pan

Objectives |

The aim of this tool is to detect and diagnose existing faults in HVAC systems at the operational
phase as an aspect of on-going commissioning.

| Functions |

Figure 1(1) shows the IDEFO diagram and tool functions. Figure 1(2) and 1(3) are detailed
diagrams of Activity BO and CO in Figure 1(1) respectively.

The tool’s main functions are:
1) To Perform Fourier analysis for measurement. (Activity AO in Figure 1(1))

2) To calculate detection and diagnosis parameter with measurement and their Fourier
transformation by statistical method. (Activity B0 in Figure 1(1))

3) To select optimum detection and diagnosis vector by detection rate increment method.
(Activity CO in Figure 1(1))

4) To judge system state using optimum detection and diagnosis figure or Mahananobis’s
generalized distance.(Activity DO and EO in Figure 1(1))

With this tool, parameters expressing the performance and characteristics of VAV systems can
be calculated with measured data and their Fourier transformation value. Based on these
parameters, the system state can be judged as being normal to faulty.

Data Management

A 10-minute intervals database is necessary to calibrate the calculating model. The data consist
of air temperature and supply air volume of each VAV unit on VAV HVCA system, in normal
state and various faulty operations.
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Create data base in normal state: After modulating the VAV HVAC system well and ensuring it
is in operating normally, the air temperature and supply air volume of each VAV unit are
measured at 10-minute intervals to form the normal state database.

Create data base in various faulty states: Run dynamic simulation program to calculate air
temperature and supply air volume of each VAV unit in a normal state. After ensuring simulated
results coincide with the normal database gathered above, run the program again in various
faulty states at 10 minute intervals to form the faulty data base.

Wherever possible, use data from existing BEMS for normal state and various faulty state
operations.

The optimal parameter vector calculated using the air temperature and air volume data of the
VAV unit to be measured online is then evaluated using Mahananobis’ generalized distance for
normal or faulty operation.

| Implementation |

This tool is developed with FORTRANO90.

| Operability |

A user interface will be developed to continuously monitor input data of the HVAC system.

| Analytical Engine |

A simulation tool was developed by authors using FORTRAN90.

| End Users |

Commissioning authority, system operator.

| Benefit |

This tool is useful in detecting existing faults in HVAC systems and diagnosing cause.

| Target Systems to be Tested

The tool has been used in case studies conducted on both VAV systems.
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Used At:

Author: Mingjie Zheng and Song Pan (Sanko Air Conditioning CO.LTD.) Date: March 6th, 2009 Context
14and 2 dimension Fourier
transformation
Fourier analysis
A0
Detection . Optimum Judge the system
; . | Select the optimum 5
Supply air temperature and Calculate detection | 2N diagnosis detection and detection and state by the

volume of AHU and diagnosis Parameter | iagnosis vector by | -di2anosis vector. | Optimum detection
y and diagnosis figure

1 Air volume of VAV unit, air parameter B0  detection rate or Mahananobis’ s

increment method " -
temperature of each room generalized distance
Cco DO
Inlet cooling water Return air temperature of AHU and
temperature of AHU set point of room air temperature
Outlet cooling water Cooling water
temperature of AHU  flow rate of AHU
Node: | Title: On-going Type FDD Tool with Pattern Recognition for VAV system Number:  Root
Figure A10-1 IDEFO tool diagram (Root)

187

May 3, 2010




Used At:

Author: Mingjie Zheng and Song Pan (Sanko Air Conditioning CO.LTD.)

Date: March 6th, 2009

Context

Cooling water
volume of AHU

Intlet cooling water
temperature of AHU

Outlet cooling water
temperature of AHU

AHU and set point of
room air temperature

Supply air

|

Return air temperature of

1 dimension Fourier
transformation of each
room air temperature

temperature of AHU

1 dimension Fourier
transformation of supply air
volume for each VAV unit

2 dimension Fourier
transformation of each
room air temperature

2 dimension Fourier
transformation of supply air
volume for each VAV unit

Make the measurement to be

Calculate detection and
diagnosis parameter with 1
dimension Fourier

Calculate detection and
diagnosis parameter with 1
dimension Fourier

Calculate detection and
diagnosis parameter with 2
dimension Fourier

Calculate detection and
diagnosis parameter with 1
dimension Fourier
transformation of supply air

Node:

Title: On-going Type FDD Tool with Pattern Recognition for VAV system

detect:onr::dettzfagnosls transformation of each room transformation of supply air transformation of each room
pal air temperature by statistic volume for each VAV unit by air temperature by statistic volume for each VAV unit by
method statistic method method statistic method
B1 B2 B3 B4 B5
Parameter Parameter Parameter Parameter Parameter
Pl P5 Pel P13 P14] P21 P22 P26 P271 P31
Number:  BO

Figure T10-2 IDEFO tool diagram (B0)
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Used At:

Author: Mingjie Zheng and Song Pan (Sanko Air Conditioning CO.LTD.)

Date: March 6th, 2009

Context

Detection and
diagnosis parameter

Calculate the detection|
rate of each parameter
and select the
parameter with the
highest detection rate

c1

1 dimension Vector
with the highest
detection rate

Vector at each dimension with the highest detection rate

Increase parameter,

calculate the detection

rate and select the
vector at each
dimension with the
highest detection rate
Cc2

Vector at each
dimension with the
highest detection rate

Convergence judge by
detection rate
increment

C3

No convergence

Convergence
judgment criteria of
detection rate

Convergence
E—

Output: The
optimum detection
and diagnosis vector

Node: |

Title: On-going Type FDD Tool with Pattern Recognition for VAV system

Number:

Figure T10-3 IDEFO tool diagram (CO0)
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No.11 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME A Tool for Optimizing Heating/Cooling Plant Operation
COUNTRY / ORGANIZATION Japan / Kyoto University
TARGETED BUILDING / SYSTEM TYPE(S) | Any type
CONTACT PERSON: Harunori Yoshida
Objectives |

This tool checks current operation of a heating/cooling plant visually and optimizes operation
automatically. The tool consists of two modules: a visualization module and a performance
simulation module. The visualization module can describe current operation in carpet graphics
and detect improper operation. The performance simulation module consists of equipment and
equipment control models. This module aims at finding an optimized operation method through
simulating the performance of the plant running at different levels.

Functions

The tool consists of two modules that offer two different functions:

Operation visualization module. It uses carpet graphics to describe the current situation, thereby
easily detecting improper operation.

Performance simulation module. This module consists of the equipment models configured in a
heating/cooling plant and the models of equipment control. With it, the performance of a
proposal for optimizing a heating/cooling plant operation can be tested.

Data Management |

Input data for operation visualization module: average water temperature of thermal storage tank,
time to determine thermal storage mode (storage or discharge), power consumption of heat
source machines

Input data for Performance simulation module: weather data, water flow rate, water temperature
set point, heating/cooling load, control set points

Output of operation visualization module: operation visualization carpet graphics

Output of performance simulation module: plant energy consumption and operation optimization
proposal

Figure T11-1 shows inputs and output of the Operation visualization module.
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Used At: Author: F. Wang and H. Yoshida (Kyoto Univ., JPN) Date: Mar. 6, 2009

Context:

Node: | Title: A tool for optimizing the operation of heating cooling plants

| Number:  Root

Figure T11-1 IDEFO diagram of the Operation visualization module (Root)

Figure T11-2 shows the inputs, output and internal data flow of the Performance simulation
module.

Used At: Author: F. Wang and H. Yoshida (Kyoto Univ., JPN) Date: Mar. 6, 2009 Context:
Threshold for judging
operation state
Operation Load threshold of Stpoint of
priority order start/stop heat chillyd/hot water
Average water temperature of tHermal stéﬂig??dm(:hme temperature
) Operatjon
- Time = ! visualizgtion > Carpet‘grap? of
Powé?ﬁ?nsumption d’r heat source machines Onfoff state wfoduje operation state
] On/off state hgat source A
Time s determination :
Cooling/heating load A
g Software MATLAB
A
Plant performance Plant energy
simulation consumption
Chilled/hot water flow rate R Iy
Outdoor air temperature/humidity R
Optimal operation | Optimal operation
determination method
C
Node: Title: A tool for optimizing the operation of heating cpoling plants ]‘ Number:  Root
Software Software
MATLAB/Stateflow MATLAB

Figure T11-2.1 IDEFO diagram of performance simulation module (Root)
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Used At: ‘ Author: F. Wang and H. Yoshida (Kyoto Univ., JPN) | Date: Mar. 6, 2009 Context:
Operation Load threshold of Set point of
priority order start/stop heat chilled/hot water
source machine temperature
Date _ On/off state of
. "|  Thermal storage heat source
Time tank simulation machine
Cooling/heating load B1
r
Chill(?r / heqt Power consumption
Chilled/hot water flow rate | pump simulation
> B2 Cooling water
temperature
A
Power consumption
Cooling tower/  |f———>
Outdoor air temperature/humidity pump simulation Cooling water
temperature
B3
Software Software Software
MATLAB/Stateflow MATLAB/SIMULINK MATLAB/ SIMULINK
Chiller/heat pump model Cooling tower/pump model
Node: | Title: A tool for optimizing the operation of heating cooling plants | Number: B
Figure T11-2.2 IDEFO diagram of performance simulation module (B)
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Used At: ‘ Author: F. Wang and H. Yoshida (Kyoto Univ., JPN) Date: Mar. 6, 2009 Context:

Different Load threshold Different cooling Different water
operation of start/stop tower water outlet flow rate for
priority order heat source temperature thermal storage
Date l
g Operation ) .
Time > prioF‘)rity order Optimal operation order
Cooling/heating load optimization -
Plant power consumption C1
- Y
A
Power consumption of Cooli
. . ooling water
chiller/cooling tower/pump terr]pe.gratl.Jre Optimal cooling water temperature
Chilled/hot water flow rate | optimization >
C2
A
A4
Optimal water flow rate
Power consumption of » Thermal storage ———>
chiller/pump optimization
C3
Software Software Software
MATLAB/Stateflow MATLAB/SIMULINK MATLAB/SIMULINK
Cooling tower/pump model ~ Thermal storage tank
model pump model
Node: Title: A tool for optimizing the operation of heating cooling plants Number: C

Figure T11-2.3 IDEFO0 diagram of performance simulation module (C)

Implementation

The software is developed in MATLAB language and MATLAB Simulink and Stateflow
toolbox is used to develop the tool. The tool can be implemented in a MATLAB environment or
as a stand-alone.

Operability

To make the tool easy to use, a graphic user interface is developed using the MATLAB Simulink
and Stateflow function.

Analytical Engine

The MATLAB curve fitting function is used to develop equipment models and their performance
curves. Operation mode (running combined equipment) is determined automatically and visually
using Stateflow function. All equipment is connected using the Simulink function to develop a
whole plant model and simulate its energy performance.
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End Users

End users can be:

Heating/cooling plant designer
Heating/cooling plant operator

Heating/cooling plant commissioning authority

Benefits

Visualizes current operation using carpet graphics for easy detection of improper operation.
Automates and visualizes operation mode determination to save manpower and time.

Finds optimal operation method quickly, which is impossible through experimentation
Target Systems to be Tested |

The tool is tested in two district heating cooling plants in Osaka Japan. Proper plant operation is
confirmed visually. Performances of recommended improvements are checked. Experiments are
also conducted to verify recommendations.
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No.12 SUBTASK B: Commissioning and Optimization of Existing Buildings

Tool for Optimizing HVAC System
Veielh MAE with Ground Thermal Storage
COUNTRY / ORGANIZATION Japan / Kyoto University
TARGETED BUILDING / SYSTEM TYPE(S) HVAC system with Ground Thermal Storage
CONTACT PERSON: Harunori Yoshida
Objectives |

The tool can simulate the performance of HVAC systems with ground thermal storage systems.
Water cooled by cooling towers is circulated through pipes pre-installed in foundation piles to
cool the ground in winter; in summer the cool water is fed to AHU cooling coils to pre-cool
supply air. Although the system utilizes natural energy, if operated improperly the system may
consume more energy than a common HVAC system with chillers, due to the large amount of
energy used for water circulation. The tool can determine the system’s operational method.

Functions |

Figure 1. IDEFO diagram of the tool’s functions. Figures 1(2), 1(3), 1(4) and 1(5) are expanded
diagrams of Activity A in Figurel (1), Activity A2 in Figure 1(2), Activity A3 in Figure 1(2) and
Activity B in Figure 1(1) respectively.

The tool’s main functions are:

1) To calculate energy consumption of the HVAC system based on weather data, room air
temperature, operation schedule and given operational methods. (Activity A in Figure

1(D)

2) To calculate outlet water temperature from the pipes buried in the ground based on water
temperature and water flow rate. (Activity B in Figure 1(1))

3) To determine optimal operation values among the operation methods given. (Activity C in
Figure 1(1))

Details of the functions and calculations are described in the expanded IDEFO diagrams in
Figures 1(1) to 1(5).

| Data Management

Figure 1 shows the required information for the tool and its internal data flow. The input data are
weather data, room air temperature, operation schedule, and operation methods. The output data
are the optimal operation values. The measured time-series data are stored as a CSV file, which
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has a defined time label in the first 7 rows. These rows indicate year, month, day, day of the
week, hour, minute and second, Rows 1 to Row 7.

Used At : I Author: M. Miyata and H. Yoshida (Kyoto Univ., JPN) | Date: Oct. 6th, 2008 l Context :
physical . .
specifications of equipment properties dimension
operation methods energy
her
weather data . Calculate energy consumption
room airtemp. consumption
operation schedule of HVAC system
A
[
discharged
heat
Calculate outlet amount
water temp. from
pipes in ground
B
optimal
— Determine operational method
an optimal -
water temp. operational method
C
models of ground thermal model
mechanical equipment
Node : [ Title : A tool for optimizing the HVAC system with ground thermal storage | Number ; Root
Figure T12-1.1 IDEFO tool diagram(Root)
Used At ; l Author © - M. Miyata and H. Yoshida (Kyoto Univ., JEN) Date : Oct. 6th, 2008 | Context
specifications specifications
) operation mode
operation schedule Determine (charge or discharge)
— !
mode
Al
energy consumption
operation methods for storage operation
eather data Calculate outlet
" water temp. of water temp. & flow rate
waler temp. cooling tower
A2
energy consumption
for discharge operation
~ | Caleulate outlet : ge operal
water temp. of ater temp. & flow rate
foom air temp. AHU cooling coil [ were tmP: & Jow
A
cooling tower model cooling coil model,
pump model rotary heat exchanger model
pump model
Node : I Title : Atool for optimizing the HVAC system with ground thermal storage Number : A

Figure T12-1.2 IDEFO tool diagram (A)
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Used At Author : M. Miyata and H. Yoshida (Kyoto Univ., JPN) Date :  Oct. 6th, 2008 Cantext :
specification specification of specification of
operation mode of cooling tower heat exchanger pump

operation methods D i water flow rate water flow rate
T ™| water flow rate l
energy
A2 consumption
outdoor air temp. and humidity Caleulate outlet by coaling tower
water temp. of
cooling tower | —
outlet water A22
temp. from et water temp.
i outle’ .
ground pipes water Calculate outlet to ground pipes
temp. water temp. of
heat
water flow rate AZ3 energy
T Calcul consumption
alculte energy by pum
water flow rate consumption i..p
by pump
A24
cooling tower model heat exchanger model pump model
Node ; I Title : A tool for optimizing the HVAC system with ground thermal storage Number : A2
Figure T12-1.3 IDEFO tool diagram (A2)
Used At : I Author: M. Miyata and H. Yoshida (Kyoto Univ., JPN) I Date: Oct. 6th, 2008 Context :
specification of specification of specification of
rotary heat exchanger cooling coil pump
fional methad outlet air
operatuonal methods
P Calculate outlet air 'f":‘:l ;ﬂ"d
outdoor air temp. and humidity ¥
temp. and humidity of rotary heat
- exchanger
room air temp. A3l
water temp.
Calculate water )
to ground pipes
outlet water temp flow rate ° P
fram ground pipes of cooling coil water flow rate
A32
C?Ilculate er?e“rlgy J—
of chilled water cansumption
water flow of pump
rate PUMP a33
rotary heat exchanger model cooling coil model pump model
Node : I Title A tool for optimizing the HVAC system with ground thermal storage Number : A3

Figure T12-1.4 IDEFO tool diagram (A3)
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Used At : Author 1 M. Miyata and H. Yoshida (Kyoto Univ., JPN) Date: Oct. 6th, 2008 Context :
thermal
dimension ofa  physical
dimension of pipes foundation pile  properties
l outlet water temp.
inlet water h_amp. form ground pipes
to ground pipss ™| Calculate water
water flow rate ————| temp. distribution
in pipes 81 stored or discharged
heat amount
Calculate pipe surface
and ground
temperatures by
water

temperatures finite element method B2 pipe surface

in pipes temperature

T distribution

ground thermal mode!
ANSYS (FEM software) ANSYS (FEM software)
Node : I Title : A tool for optimizing the HVAC system with ground thermal storage Number : B

Figure T12-1.5 IDEFO tool diagram (B)

Implementation |

This tool runs on the MATLAB/Simulink platform and runs FEM thermal analysis software
ANSYS in the background. .

Operability

We developed a graphical user interface using Simulink. The HVAC component model is
expressed as a block. By double-clicking the block, a pop-up dialog box appears, enabling model
parameters to be easily modified.

| Analytical Engine |

MATLAB, Simulink, ANSYS (FEM thermal analysis software)

| End Users |

Cx providers, Design engineers, Building operators

| Status of fume |
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The long heat transfer time underground makes it difficult to attempt various operational
methods experimentally. Simulation therefore becomes a powerful system tool.

Action for optimum operation

The tool was used at an office building in Takamatsu, Japan. The building exchanges heat
underground using foundation piles. In winter, circulated water chilled by cooling towers flows
through tubes in the foundation piles to cool down in ground. In summer, circulated water cooled
by the ground flows through cooling coils to cool down supply air.
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No.13 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME /A Simulation Tool to Estimate Baseline Energy
COUNTRY / ORGANIZATION Japan / Kyoto University
TARGETED BUILDING / SYSTEM TYPE(S) |Any type
CONTACT PERSON: Harunori Yoshida
Objectives |

The tool can estimate energy baselines for on-going commissioning or implementation of an
energy saving retrofit, and make adjustments using operation conditions following the retrofit.

Functions

The tool consists of two modules: a heating/cooling load calculation module and an energy
consumption estimation module, which consists of sub-models of the building’s energy

consuming equipment. Hourly energy consumption is calculated using estimated heating/cooling
loads.

Data Management

The measured time-series data is stored in CSV files, which are assigned defined time labels in
the first 7 rows. Rows 1 to 7 indicate year, month, day, day of the week, hour, minute and
second, respectively.

Tool input is weather data, room air temperature and humidity, fresh intake air volume, air-
conditioning system operation schedules, lighting systems and occupancy. Output is energy
baseline adjusted by conditions following commissioning or an energy savings retrofit.
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Used At : Author : M. Miyata and H. Yoshida (Kyoto Univ., JPN) Date: Feb. 20th, 2009 Context :
area size
air-conditioning area
wall configuration I . P .
number of occupants specification of equipment specification of equipment
calorific value of lighting and the office machines
M" Calculate Heating/Cooling
room air temp. and humidit: Heating/Cooling Load
operation schedule Load
A
)
Calculate Energy )
S t
Consumption ehergy consumetion
of Equipment
Used for Air-conditioning
energy
Calculate Energy consumption
Consumption
of Equipment not
Used for Air-conditioning c
building thermal mode! equipment models equipment models
Node : l Title : A Tool to Estimate Energy Baselines Number : Root

Figure T13-1 IDEFO tool diagram (Root)

| Implementation |

This tool is developed on the MATLAB/Simulink platform.

| Operability |

We developed a graphical user interface using Simulink. By double-clicking the block, a pop-up
dialog box appears, enabling model parameters to be easily modified.

Analytical Engine

Simulation based air-conditioning load calculation and building system component models by
MATLAB/ Simulink

| End Users |

Cx providers, Energy Service Companies, Building operators

| Benefits |
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The tool can calculate a building’s energy baseline using various conditions such as weather,
occupancy and equipment operations.

Target Systems to be Tested

The case study was conducted at a mid-scale office building in Osaka Japan. The tool was used
in the building; the model was tested using measured operational data.

202 May 3, 2010



No.14 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME Life-Cycle Energy Management (LCEM)

COUNTRY / ORGANIZATION Japan / Government Building,

Ministry of Land, Infrastructure and Transport (MLIT)

TARGETED BUILDING / SYSTEM TYPE(S) |Any

CONTACT PERSON: TBD

Objectives |

LCEM : Life-Cycle Energy Management is being developed to assess and evaluate HVAC
energy performance throughout a building’s lifecycle (e.g. planning, design, construction,
operation, maintenance, refurbishment and demolition). The LCEM project was conducted for 3
years beginning in April 2004, under the leadership of the Japanese Ministry of Land,
Infrastructure and Transport. As owner and property manager, the ministry’s Government

Buildings Department made initiatives for the development of LCEM .

The tool aims to provide a platform for shared measurement among all the various stakeholders
concerned with each stage of the building’s life cycle. It also aims to be operable in spreadsheets

(e.g. MS Excel) and act as a visual aid to support communication.

Planning / Design | Construction Operations Planning / Design | Construction
Efficiency Efficiency drop
drop caused caused by change Efficiency drop
New Construction | | by unexpected of operating caused by performance Refurbishment
usage conditions degradation of

equipments

Required Initial performance Improvement Improvement
performance at point of transfer Performanc Performante Performance
during operations during opgrations  during operations

-Commissioning
-Tuning

Figure T14-1. Life-cycle performance assessment and commissioning for HVAC systems

Functions |
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Basic static analysis by simulation — assessing energy performance for overall system,
subsystems and/or individual equipment units and components being operated with different
characteristics.

Assessment to confirm performance at 1. equipment fabrication stage and 2. test
operations/adjustment stage using design sate reference requirements

Assess performance by comparing design values and test operation status values (actual
performance) during acceptance procedures and test operation, etc.

Predict performance at off-peak times (not just peak load performance) under various outdoor
conditions such as mid-summer, mid-winter and partial load seasons (rainy season and early
winter)

Data Management

Input data:

Outdoor air condition/heat load in each room (hourly, all year) Users select load patterns from
existing heat load estimation tools. Simplified calculation tool in spreadsheet is also being
developed

Characteristic curve of each HVAC component (load-efficiency curve)

Output:

Status and energy consumption of each component

Suggestions for equipment size and division of capacity in terms of energy performance

Implementation |

LCEM is being developed by MS Excel (TM) with visual aid objects to support stakeholder
communication.

Operability |

1. Each equipment unit is defined in a spreadsheet cell. A block of cells includes characteristics
and specifications for one equipment unit. The block of cells is named an “object composed
cells” or just object.

2. Users 1. select, 2. cut and 3. paste an object from the list in order, from left to right, to make
an HVAC model.

3. Users input control parameters (e.g. cooling water temperature).

4. Cross references occur almost every time with any change to data. This prompts iteration
calculation in the worksheet.
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T14-1.. Example of system Configuration

Analytical Engine

Optimization of HVAC operation is simulated by convergent calculation using ad-in solvers in
spreadsheet

End Users

Designers, builders and building maintenance managers

Government officials responsible for public building planning, operations and maintenance

| Benefits

Performs management taking into account operational status in off-peak period
Quantitatively supports plan, design, and operation

Monitors continuous performance assurance using consistent indicators throughout lifecycle, and
performs PDCA cycle

Detects and analyzes potential missed defects

Securely performs operator training

Target Systems to be tested

HVAC system including advanced HVAC components such as double/triple effect absorption
heater-chiller in cogeneration system, cooling control with outdoor air, and thermal energy
storage.
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No.15 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME EnergyPlus+VRF

Japan / DAIKIN AIR-CONDITIONING AND

COUNTRY / ORGANIZATION ENVIRONMENTAL LAB

TARGETED BUILDING / SYSTEM TYPE(S) [VRF package systems for office buildings

CONTACT PERSON: Sumio Shiochi

| Objectives |

This tool specifically analyzes the energy consumption in the building’s variable refrigerant flow
(VRF) air-conditioning system. The VRF system features multi indoor unit connection.

| Functions

EnergyPlus simulates the energy consumption, cooling (heating) capacity, and thermal condition
of each zone of a centralized A/C system.

This module has the heat-pump VRF (cooling/heating) and heat recovery VRF function. In the
heat-pump VRF function, cooling/heating power consumption is simulated for each VRF
outdoor unit, depending on the operating mode. In the heat recovery VRF function, power
consumption is calculated by weight condition factors (cooling or heating).

In this module, energy consumption comparisons between VRF A/C systems and centralized
A/C systems are available.

Data Management

The performance curve is used to calculate VRF power consumption. The performance curve is
defined by the second order equation. These are the capacity characteristic, power input
characteristic, partial load characteristic, and combination ratio characteristic (indoor-unit to
outdoor-unit), etc. The calculation result is expressed as output according to EnergyPlus.

| Implementation

This module is developed on the EnergyPlus platform. The VRF module is customized to the
existing EnergyPlusUnitary module.

Operability
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The VRF module’s operability depends on the EnergyPlus IDF editor..  All required VRF
module input parameters are set in IDF editor.

| Analytical Engine |

The calculation engine is EnergyPlus solver. The VRF module is built into EnergyPlus Solver.

| End Users |

The end user is a professional engineer licensed to evaluate HVAC system energy consumption.
The simulation is used to optimize the building’s air-conditioning system.

Benefit

By selecting high performance and energy saving air-conditioning systems, building owners in
the US may receive a tax incentive, thereby reducing construction costs.

| Target Systems to be Tested

There is no current plan.

Used At: ‘Author:l] Sumio Shiochi Date : February 18th, 2009 |Context:
Specification of  Correction Pipe length &  Correction Specification of Correction
indoor unit equation  Vertical interval  equation condensing unit equations
Outdoor Temp. i
Suction Temp. ; Calculat v of r—» Capacity of indoor unit
[T aiculate capacity o \» Energy consumption of
Zoneload | | | indoor unit and energy indoor unit
consumption [ Indoor air temp. and humid.
Adp L
N A v
Correct capacity of
indoor unit in
consideration with pipe
arrangement
Capaci_ty of . y Correction
Condensing unit coefficient
Energy
v 4 consumption of
condensing unit
.| Célculate capacity of ———————>
_| condensing unit and
"| energy consumption
A4
A
Indoor unit . ! .
model Pipe mode Condensing unit model
Node : Title : EnergyPlus + VRF Number : Root
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No0.16 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME \S\)Iilirl?Ecaortuhpl_lt_aSbiimulation Tool for Natural Ventilation System
COUNTRY / ORGANIZATION Japan/SANKO Air Conditioning CO.,LTD.

TARGETED BUILDING / SYSTEM TYPE(S) |Natural Ventilation System with earth Tube

CONTACT PERSON: Mingjie Zheng, Song Pan

Objectives |

In the case of large spaces with exceptional vertical air temperature distribution, the simple
method for natural ventilation systems cannot correctly represent the physical phenomenon,
resulting in possible design fault at the planning phase. A CFD coupled simulation tool uses an
earth tube to assess a natural ventilation system’s air volume.

| Functions |

Figure 1(1) shows the IDEF0 diagram and tool functions. Figure 1(2) is a detailed diagram of
Activity BO from Figure 1(1).

The tool’s main functions are:
1) To use the earth tube to calculate the outlet air temperature. (Activity A0 in Figure 1(1))
2) To calculate each aperture’s air volume and flow direction. (Activity BO in Figure 1(1))
3) To calculate the room’s vertical air temperature. (Activity CO in Figure 1(1))

4) To assess if the air volume at each aperture and the vertical air temperature become
convergent. (Activity DO and EO in Figure 1(1))

Using this tool, we can predict the air volume of a natural ventilation system with an earth tube
at the design phase. In the acceptance and operation phases, the model can be modified, to
accurately predict the annual natural ventilation air volume and determine a system operation
strategy.

| Data Management

Input data:

weather data (wind velocity, wind direction, outdoor air temperature, solar radiation etc.), earth
tube parameters (size, length, depth, inlet air temperature, soil temperature, etc.), parameters of
natural ventilation apertures (number, height, area, etc.), CFD parameters (room shape, boundary

208 May 3, 2010



conditions, energy and loss coefficient of turbulent flow at supply air outlet, solar radiation,
internal heat gain, etc.)

Output data:

air volume and flow direction of each aperture, vertical air temperature distribution

Implementation

This tool uses CFD software available commercially, a natural ventilation analysis tool and an
earth-air exchanger calculator developed by the authors.

Operability

CFD software is equipped with a convenient user interface. User interfaces for the natural
ventilation analysis tool is in development.

| Analytical Engine |

CFD, natural ventilation analysis tool

| End Users |

Commissioning authority, System designer

| Benefit |

This tool is practical for assessing designed air volumes of natural ventilation systems with an
earth tube.

Target Systems to be Tested

The tool was tested in a case study at an elementary school gymnasium in Toyama Province,
Japan.
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Used At: Author: Mingjie Zheng and Song Pan (Sanko Air Conditioning CO.LTD.) Date: March 6th, 2009 Context
Outputl
Width, height , length and Air volume and flow
buried depth of earth tube direction of each aperture,
————>] vertical air temperature
Temperature of soil, Outlet air temperature of earth tube
heat transfer rate of Earth-air heat exchange Convergence | Convergence judgment
soil and tube calculation of air volume of each
Supply air volume of aperture and vertical air
floor apertures No convergence temperature Vertical air
temperature
A0 Surface pressure \L 0
coefficient and opening
_rate of each aperture . | Air volume and flow direction of
Number/ height/ a - each aperture
rea of apertures Natural_venl!latlon Convergence ~ Convergence
_ calcula_tlon vynh the . judgment judgment criteria
Wind velocity consideration of Supply air volume criteria (€ 2) (e 3) of air
and direction vertical air temperature | of floor apertures of vertical ait  volume for each
temperature 1
Outdoor air _— pe aperture
BO
No convergence Convergence Roo;n shsfpe, Sﬁe anc:
liudgment of supply air position of each aperture
Convergence volume of floor Internal heat generation CFD calculation
apertures g and generating position |
Boundary condition of
q\ each outside surface Co
Convergence judgment criteria (€ 1) of
supply air volume of floor apertures
Convergence judgment
Turbulencgl criteria of the coupled
?:tirgy and loss linear equation and
ressure correction
Mesh shape and P
division rate Turbulence model and
finite different scheme
Node: | Title: CFD Coupled Simulation Toll for Natural Ventilation System with Earth Tube Number:  Root

Figure T16-1.1 IDEFO tool diagram (Root)
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Used At: Author: Mingjie Zheng and Song Pan (Sanko Air Conditioning CO.LTD.) Date: March 6th, 2009 Context

Outlet air temperature of

earth tube
Supply air volume
of floor apertures o . Friction resistance of
Friction resistance earth tube
- calculation of earth
\é\fkil:r,tlr:eliggte and length \ube Supply air volume of
B1 > floor apertures
Natural ventilation calculation with the
consideration of vertical air temperature
distribution
Air velocity of
Wind velocity Air velocity each aperture R Air volume and flow
calculation of each B3 direction of each aperture
aperture
B2
%{’fﬁce Przss“'e_ Wnd  Number/ height/ area
coefficient and opening g o of apertures
rate of each aperture
Node: | Title: CFD Coupled Simulation Toll for Natural Ventilation System with Earth Tube Number:  BO

Figure T16-1.2 IDEFO tool diagram (B0)

No.17 SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME FDD Proto-type tool for laboratory exhaust system
COUNTRY / ORGANIZATION Japan
TARGETED BUILDING / SYSTEM TYPE(S) Laboratory, factory
CONTACT PERSON: Takao Odajima
Objectives |

This tool’s primary aim is the optimization of HVAC energy consumption in a laboratory, where
many spot exhaust equipment units are installed. Spot exhaust equipment units are mandatory to
maintain chemical and biological safety for laboratory employees. Optimization is achieved by
enhancing exhaust flow rate. The tool’s objective is to optimize supply and exhaust flow rates to
save energy.

Functions

Figure 1 shows the IDEFO tool diagram. Figure 1(1) is an expanded diagram of Activity A
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The main function of the tool is:

1) To grasp exhaust equipments’ operation status, such as fume hoods.

To grasp sash opening height of fume hoods (Activity A in Figure 1).

2) To calculate exhaust flow rates of each fume hood (Activity B in Figure 1).

To calculate exhaust flow rate of whole exhaust system.

3) To calculate air supply flow rate for each room and whole supply system. (Activity C in
Figure 1)

4) To calculate energy consumption. (Activity D in Figure 1)

The details of Activity B are described in Figure 2, which are the expanded IDEF0 diagrams.

| Data Management |

Input data:

Outdoor air condition/room temperature,
Status of fume hoods (ON-OFF), opening height of fume hood,

Flow rate of fresh air intake

Output:

Characteristics of fume hood operation
Visual information of outstanding operation

Action list

Implementation

The tool is developed without market software.
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Used- At Author®

T.Odajima'(Ta kenaka-corpemmtion-Jam ne

Date Feb1872008-

Context: T

Control-of system®

Status-of fume?

Hoods (ON-OFF)

-

Face-velocitv!

Usual pattemn -of -operation?

—’
T
Sash-opening® e grase
haracteristi f
height R e

L

Condition - of

fume hoods'F‘“Ch"N

Charact Field-of research?

eristics? i

Comparison* of

Setting uplevel -of-usage

Knowledge, experience

MedeT |

Titler - - Proto-type FDD tool for laboratory exhaust system?

system! .
Exhaust- operational’ Visualization of Technology- 9
svstem® pattern- 7 > operational Opera
: Industrialf 7 " .
Supply- nausta B condition,” which bility]
. health- T seems-  to-  he
system!
regulation§ pti or
-
Exhaust'  1pdystrial- T DY
svstemif pealth-
regulation¥ Software-  for T
LB
visualization Occupants
Gesearchen)? T2
manager?
Number: «+ - Root®

Figure T17-1
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Used-At] Author:] T Odajima - Takenaka-corporation, -Japan ¥ Date:-Feb 19220097 Context:- T

Control- of* system- of

firne hoodsT
Control-of system-of motor-damper]

Schedule-of-operation

Sash-  opening
height? l

To" grasp' fume: hoods

Control-ofsystem-of-exhaust-system®

Face-velocity?

—_—Pp operational'condition?

Status-of-fiumeT B17 Control-of-system-ofair-supply system?
Hoods-(ON-OFF){ alculate: exhaust
flow-rate of *system
& hoodst: FRoomtemperature?]
and-fume hoods%5 29
Condition  of- furne Calculate:  supply

flow- rate of each Offset value?

hoodsinstallation]
I: ﬂ Exhaust system® room-and-system 7837
Industrial- T

Calculater  energy Charactenistics- of

health ExtemaltempentureT—@| consumptiont] — operation-ofthe
Air Extemal
regulation] . facility]
supply- air  flow
system rate?
Type- of air
- Charactensticc  of  air
conditioning
— -
system€ leakage-from room!
«
Node | Title:- - - - Proto-type-FDDtool forlaboratory-exhaust -system¥ Number:- - - - - RootY

Figure T17-2

| Interface |

Graphical interface is developed.

| Analytical Engine |

The tool is developed without market software .

| End Users |

Building operator, facility manager, laboratory occupants (researchers)

| Benefit |

It may help facility managers detect an exhaust system fault, or the inappropriate behaviour of
occupants.

It may call laboratory occupants’ attention to take proper actions to minimize energy.

It may optimize total energy consumption while maintaining chemical/biological safety.
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Target Systems to be Tested

Tool is under development, and testing is planned at a pharmaceutical laboratory, upon
completion in early 2011.
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7.5 APPENDIX-5 Information used in EB and LEB Cx tools
developed within Annex 47
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

DABO (for AHU)

COUNTRY / ORGANIZATION

Canada

TARGETED BUILDING / SYSTEM TYPE(S)

Commercial and Institutional

CONTACT PERSON:

Daniel Choiniére

REQUIRED INFORMATION

D

11)

111)

1v)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

a

Building data
(ex. area size, U values, solar
shading, etc.)

b)

Room environmental requirement
or criteria

(ex. room temperature set point,
air quality, etc.)

Return air humidity set point reasonable value

Maximum reasonable value for return air humidity in the summer
Minimum reasonable value for return air humidity in the summer
R ble value for maxi return air summer
Reasonable value for ma

Zone temperature performance indice, First level alarm,
Zone temperature performance indiceSecond level alarm,
Zone Temperature performance indiceFirst level alarm,
Zone pressure performance indiceSecond level alarm,
Zone pressure performance indiceN

ControlZone/CO2Sensor/Status
ControlZone/Humidity Sensor/SetPoint
ControlZone/Humidity Sensor/Status
ControlZone/PressureSensor/SetPoint
ControlZone/PressureSensor/Status
ControlZone/TemperatureSensor/SetPoint
ControlZone/TemperatureSensor/Status

c

Weather data
(ex. temperature, solar radiation,
etc.)

Design summer outdoor air temperature
Design winter outdoor air temperature
Outdoor CO2 maximum

Outdoor CO2 minimum

Outside air temperature reference for heating degree calculation
Outside air temperature reference for cooling degree calculation
Threshold for zone air temperature setpoint

OutdoorCondition/CO2Sensor/Status
OutdoorCondition/Enthalpy/Status
OutdoorCondition/Humidity Sensor/Status
OutdoorCondition/TemperatureSensor/Status

d

Energy data
(ex. energy prices, statistics of
energy usage, etc.)

e

HVAC system data
(ex. system type, configuration of
system, etc.)

System Type
System configuration (location of sensors)
Outside air available for warm duct(dual duct)

Differential design supply air temperature,
cooling

Differential design supply air temperature,
heating

Outside air available for warm duct
Temperature rise across return fan
Temperature rise across supply fan
Recuperation coil infuence on AHU cooling

Pressure drop across filter - maxi num

Pressure drop across filter - nininum
Supply / outdoor air hunidity naxi num val ue
Supply / outdoor air humdity m ni numval ue
Qutdoor air tenperature maxi num val ue

Qut door air tenperature nininum val ue

Suppl y/return O naxi num

Suppl y/return O ni ni num

Return air humditv maxi nrum val ue

123

Pressure drop across filter - maxi num

Threchal A far myved 2ir dAarmer cantral and of af 11e

ArFilter/Aarm

ArFilter/Status

Cent ral Cool i ngAvai | abl e

Cent ral Heat i ngAvai | abl e

Cent ral Hum dAvai | abl e

Cool i ngCoi | / Swi t ch/ ConmandPoi nt

Cool i ngCoi | / Swi t ch/ St at us

Cool i ngQoi | / Val ve/ CommandPoi nt

Cool i ngQoi | / Val ve/ Stability

Cool i ngQoi | / Val ve/ St at us

Cool i ng Performance i ndex

Dehuni di fi cati onMbde

Exhaust Ai r Sect i on/ Ai r Fl owét at i on/ Set Poi nt
Exhaust A r Sect i on/ Danper / ConmandPoi nt

Exhaust Ai r Sect i on/ Danper / St at us

Exhaust Ai r Sect i on/ Pr ot ect i onDanper / CommandPoi nt
Exhaust Ai r Sect i on/ Prot ect i onDanper/ St at us
Exhaust Ai r Sect i on/ Recuper at i onCoi | / Swi t ch/ ConmandPoi nt
Exhaust Ai r Sect i on/ Recuper at i onCoi | / Val ve/ ConmandPoi nt
FreshAi rSecti on/ Ai r Fl owSt at i on/ Set Poi nt

FreshAi rSection/ Ai rFl owst ation/ SPStability
FreshAi rSection/ AirFl owSt ati on/ Stat us

FreshAi r Sect i on/ Danper / CommandPoi nt

FreshAi rSecti on/ Danper/ Stabi l ity

FreshAi r Sect i on/ Danper/ St at us

FreshAi r Sect i on/ Fr eeCool i ngDanper / ConmandPoi nt
FreshAi r Sect i on/ FreeCool i ngDanper/ Stabi lity
FreshAi r Secti on/ FreeCool i ngDanper/ St at us
FreshAi r Secti on/ Prot ect i onDanper / CommandPoi nt
FreshAi r Secti on/ Prot ecti onDanper/ St at us
FreshAi r Secti on/ Recoveri ngQoi | / Swi t ch/ ConmandPoi nt
FreshAi r Secti on/ Recoveri ngQoi | / Val ve/ ConmandPoi nt
FreshAi r Sect i on/ Tenper at ur eSensor/ Set Poi nt
FreshAi r Sect i on/ Tenper at ur eSensor/ St at us

Heat i ngQoi | / Swi t ch/ CommandPoi nt

Heat i ngCoi | / Swi t ch/ St at us

Heat i ngQoi | / Val ve/ CommandPoi nt

Heat i ngQoi | / Val ve/ Stability

Heat i ngQoi | / Val ve/ St at us

M xedAi r Sect i on/ Danper / ConmandPoi nt

M xedAi r Sect i on/ Danper/ Stabi l ity

M xedAi r Sect i on/ Danper/ St at us

M xedAi r Sect i on/ Tenper at ur eSensor / Set Poi nt

M xedAi r Sect i on/ Tenper at ur eSensor/ St at us
Preheat Ai r Secti on/ Heat i ngCoi | / Val ve/ CommandPoi nt
Preheat Ai r Secti on/ Heat i ngCoi | / Val ve/ Stabi lity
Preheat Ai r Secti on/ Heat i ngCoi | / Val ve/ St at us
Preheat Ai r Sect i on/ Tenper at ur eSensor / Set Poi nt
Preheat Ai r Secti on/ Tenper at ur eSensor / St at us

Ret urnAi r Secti on/ A r Fl owst at i on/ Set Poi nt

Ret urnAi r Secti on/ Al rFl owst at i on/ St at us

Ret ur nAi r Sect i on/ OSensor / Set Poi nt

Ret ur nAi r Sect i on/ O2Sensor/ St at us

Ret ur nAi r Sect i on/ Ent hal py/ St at us

Ret ur nAi r Sect i on/ Huni di t ySensor/ Set Poi nt

Ret ur nAi r Sect i on/ Huni di t ySensor/ SPStabi l ity
Ret ur nAi r Sect i on/ Humi di t ySensor/ St at us

Ret ur nAi r Sect i on/ Tenper at ur eSensor / Set Poi nt

Ret ur nAi r Sect i on/ Tenper at ur eSensor / St at us

Ret urnFan/ Al ar niRet ur nFan/ Qur rent

Ret ur nFan/ Pr ot ect i onDanper / CommandPoi nt

Ret ur nFan/ Swi t ch/ ConrmandPoi nt

Ret urnFan/ Swi t ch/ Stat us

Ret ur nFan/ Vane/ CommandPoi nt

Ret urnFan/ Vane/ Stabi ity

Ret ur nFan/ Vane/ St at us

Ret urnFan/ Vari abl e speed dri ve/ CommandPoi nt
Ret urnFan/ Vari abl e speed drive/ Stability



SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME CITE-AHU, automated commissioning tool for AHUs
COUNTRY / ORGANIZATION USA/NIST
TARGETED BUILDING / SYSTEM TYPE(S) AHUs

CONTACT PERSON:

Natascha Milesi Ferretti

REQUIRED INFORMATION

D

1)

111)

V)

\)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Building data
a) |(ex. area size, U values, solar
shading, etc.)

Room environmental requirement
b) or criteria
(ex. room temperature set point,

air quality, etc.)

Room air temperature and humidity

Weather data
(ex. temperature, solar radiation,
etc.)

C

<

Outdoor air temperature and humidity

Energy data

d) [(ex. energy prices, statistics of

=

energy usage, etc.)

HVAC system data Schematic diagram of system, system type, data
e) | (ex. system type, configuration of |[structure linking building ahu's zones, and their
system, etc.) data files.

Operation time

HVAC component data Specification of components, i.¢, defrost, heat
(ex. COP, water flow rate, etc.) recovery, humidification, mixing box

—Supply, return, mixed, and outdoor air
temperature Outdoor air humidity and/or return
air humidity and/or enthalpy (for enthalpy-
based economizer control) Heating coil valve
signal, cooling coil valve signal, damper control
signal

Control system data .
Control strategy of VAV control, and setpoint

control

=

(ex. set point, PID parameters,
etc.)

g

Set point of water flow rate to the ground in

storage period (30m l/h), inverter value of a
cooling tower fan (50%) and outlet water

temperature of cooling coi (25 “C)

Maintenance data
h

=

(ex. maintenance level, mumble of
maintainer, etc.)

sensor calibration

)
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

A FDD tool "i-BIG" for AHU's.

COUNTRY / ORGANIZATION

The Netherlands / TNO Built Environment and Geosciences

TARGETED BUILDING / SYSTEM TYPE(S)

In general AHU's.

CONTACT PERSON:

Luc Soethout, Henk Peitsman

REQUIRED INFORMATION

D

1)

111)

V)

V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Building data
a) [(ex. area size, U values, solar
shading, etc.)

Room environmental requirement
or criteria

(ex. room temperature set point,
air quality, etc.)

b)

Room air temperature setpoint, room air relative
humidity setpoint.

Room air temperature, room air relative
humidity.

Weather data
(ex. temperature, solar radiation,
etc.)

C

-~

Outdoor air temperature and humidity

Energy data
(ex. energy prices, statistics of
energy usage, etc.)

d

=

HVAC system data
(ex. system type, configuration of
system, etc.)

€

N

Schematic diagramof AHU system

weekly operation schedule

ON-OFF signal AHU's

HVAC component data
(ex. COP, water flow rate, etc.)

Specification of constant airflow measure rings,
maximum airflow rate of AHU's.

Flow rate supply- and return fan, temperature in
duct after outlet solar collector, outlet tempe-
rature solar collector, supply air temperature,
supply air temperature setpoint, temperature
after heat-exchanger, inlet temperature solar
collector

Control system data

~

(ex. set point, PID parameters,
etc.)

g

Control strategy of AHU, max. frequency value
of frequency controllers fan's.

Setpoints, Control signals (0-100%),

Maintenance data
h) [(ex. maintenance level, mumble of
maintainer, etc.)
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

Performance Analysis Tool for Heating System

COUNTRY /ORGANIZATION

Norwegina University of Science and Technology

TARGETED BUILDING / SYSTEM TYPE(S)

Hydronic Heating System

CONTACT PERSON:

Natasa Djuric

REQUIRED INFORMATION

D

1)

111)

\%)

V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Area size: 13700 m”

Building data Avreage U vaule for zones/rooms
a) |(ex. area size, U values, solar A general building plan
shading, etc.) Building zones
Room environmental requirement
or criteria . .
b) Indoor air temperature Indoor air temperature

(ex. room temperature set point,
air quality, etc.)

Weather data
¢) |(ex. temperature, solar radiation,
etc.)

Outdoor temperature

Outdoor temperature

Energy data
d) [(ex. energy prices, statistics of
energy usage, etc.)

Hourly energy consumption of the system

- The hot water energy consumption

- The energy consumption of branches that
do not have measurements in the control
system

HVAC system data
e) | (ex. system type, configuration of
system, etc.)

Schematic diagram of system

HVAC component data

Specification of components: The size/capacity
ofradiators in each room, The capacity of the

f (ex. COP, water flow rate, etc.) [heat exchangers in the substation, The valves
characteristics in the substation
Control system data Design supply temperature, Design - Heating supply temperature curve - Heating supply temerature
g) |(ex. set point, PID parameters, . ’ (specification of the important points)
temperature difference . - Hot water supply temperature
etc.) - Operational schedule
1. Maintenance service hired in building
Maintenance data . .
hy ¢ int level, ble of 2. Control system maintenance: technical
ex. maintenance level, mumble o
intai ) support from the control system producer
maintainer, etc.
i)
)]
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

A tool to be used for energy analysis and fault detection on the whole building level

COUNTRY / ORGANIZATION

Germany / Fraunhofer ISE

TARGETED BUILDING / SYSTEM TYPE(S)

non-residential (office) buildings / overall performance

CONTACT PERSON:

Christian Neumann

REQUIRED INFORMATION

I) 1) 1IT) V)
Design data Operation data Measured data
(ex. area, conponent performance, etc.) (ex. set point, operation time, etc.) (ex. temperature, humidity, etc.)
Building data net floor area, utilization of zones,
a) |(ex. area size, U values, solar information about internal ains (size,
shading, etc.) distribution)

Room environmental requirement or
criteria

(ex. room temperature set point, air
quality, etc.)

b)

requirements for indoor climate depending  |temperature, moisture of selected reference
on the kind of system zones

Weather data
¢) |(ex. temperature, solar radiation,
etc.)

temperature , moisture, solar radiation
(global horizontal)

Energy data
(ex. energy prices, statistics of
energy usage, etc.)

if available: historic consumption data and/or

d planned energy demand

=

total delivered energy (fuel, district heat/cold,
electricity) AND WATER
CONSUMPTION

HVAC system data
(ex. system type, configuration of |kind of system, schemes, zonal distribution
system, etc.)

c

N

Supply and return temperatures of major
operation schedules distribution (water and air), in case of air:
moisture of exhaust and supply if treated.

HVAC component data

if available: flow rates, capacities
(ex. COP, water flow rate, etc.) P

operation schedules

Control system data if available: control strategy of AHUs,

9 (ex. set point, PID parameters, etc.) |pumps, different operation modes

control signals of drives (pumps, fans)

Maintenance data
h) |(ex. maintenance level, mumble of
maintainer, etc.)

i)
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

Optimization tool for air-conditioning system operation considering thermal load prediction errors

COUNTRY / ORGANIZATION

Japan

TARGETED BUILDING / SYSTEM TYPE(S)

Exsisted office buildings and centered HVAC systems

CONTACT PERSON:

Yasunori Akashi, Daisuke Sumiyoshi

REQUIRED INFORMATION

D

1)

110)

V)

V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

. General information for calculating buildin,
Building data ¢ . e
. thermal loads such as floor plans, sections, .
a) [(ex. area size, U values, solar . . . Occupancy time
. windows size, thermal properties of
shading, etc.) .
walls/windows, etc.
Room environmental requirement
or criteria . . .
b) . Room temperature set point Indoor air temperature and humidity
(ex. room temperature set point,
air quality, etc.)
Weather data . .
. Outdoor air temperature and humidity,
¢) |(ex. temperature, solar radiation, .
solar radiation
etc.)
Energy data
& . . System and components energy
d) [(ex. energy prices, statistics of .
consumption
energy usage, etc.)
HVAC system data .
) | (ex. system type, configuration of |Schematic diagram of system Operation time System energy consumption and amount of
e . s .
¥ sur £r ¥ P heat dealt with the system
system, etc.)
Components energy consumption and
HVAC component data . . L amount of heat dealt with the components,
) Specification of components Operation time . ..
(ex. COP, water flow rate, etc.) physical state quantities such as water
temperature, flow rate, pressure, etc.
Control system data System control logics and strategies
g) |(ex. set point, PID parameters, including control set points, PID
etc.) parameters, etc.
Maintenance data
h) |(ex. maintenance level, mumble of
maintainer, etc.)
i)
)]
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

An on-going commissioning tool for VRV package systems

COUNTRY / ORGANIZATION

Japan / Chubu University

TARGETED BUILDING / SYSTEM TYPE(S)

All types / VRV package systems

CONTACT PERSON:

Motoi Yamaha

REQUIRED INFORMATION

D

1)

110)

V)

V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Building data
(ex. area size, U values, solar
shading, etc.)

a

el

area, U values, solar shading....
data required for heat load calculations

Room environmental requirement
or criteria

b) .
(ex. room temperature set point,

air quality, etc.)

room temperature and room humidity

Weather data
(ex. temperature, solar radiation,
etc.)

C

-

Standard weather data for heat load
calculation

temperature, humidity, insolation

Energy data
(ex. energy prices, statistics of
energy usage, etc.)

d

=

power consumption

HVAC system data
(ex. system type, configuration of
system, etc.)

S

~

Only adaptable for VRV package systems

HVAC component data
(ex. COP, water flow rate, etc.)

Nominal capacity, nominal power
consumption, number of compressors, type
of refrigerant, nominal COP

power consumption

Control system data
(ex. set point, PID parameters,
etc.)

=

g

Maintenance data
(ex. maintenance level, mumble of
maintainer, etc.)

h

=

)
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME A tool to monitor continuously oprational datalof each HVAC equipment
COUNTRY / ORGANIZATION Hitachi Plant / Japan
TARGETED BUILDING / SYSTEM TYPE(S) Office buildings
CONTACT PERSON: Hiroo Sakai
REQUIRED INFORMATION
) 1) 11D) V) V)

Design data Operation data Measured data
(ex. area, conponent performance, etc.) (ex. set point, operation time, etc.) (ex. temperature, humidity, etc.)
Building data
a) |(ex. area size, U values, solar
shading, etc.)
Room environmental requirement
b) or criteria Set points for room temperature, humidity |Room Tempeature
(ex. room temperature set point, control Relative Humidity
air quality, etc.)
Weather data Dry bulb temperature
¢) |(ex. temperature, solar radiation, Wet bulb temperature
etc.) Relative Humidity
Energy data
d) [(ex. energy prices, statistics of
energy usage, etc.)
Supply/ returen temperature of chilled Supply/ returen temperature of chilled
HVAC system data water and condenser water water and condenser water
e) | (ex. system type, configuration of |Configuration of the system Flow rate of chilled water, condenser Flow rate of chilled water, condenser
system, etc.) water water
Temperature of supply air Temperature of supply air
f HVAC component data Design data of each component
(ex. COP, water flow rate, etc.) |Allowable operational condition
Control system data
g) |(ex. set point, PID parameters, Design set points for each component
etc.)
Maintenance data
h) |(ex. maintenance level, mumble of
maintainer, etc.)
D
h);
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

Initial Cx Tool for HVAC System in Large Enclosure

COUNTRY /ORGANIZATION

Japan /SANKO Air Conditioning CO.,LTD

TARGETED BUILDING / SYSTEM TYPE(S)

Indoor climate analysis for the large enclosures

CONTACT PERSON:

Mingjie Zheng

REQUIRED INFORMATION

D

)

i)

V)

V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Building data

Space size, Window size, Over-all heat transfer

Warming up time, Size and shape of separated

a) |(ex. area size, U values, solar coefficient, material characteristics of building mesh for CFD Outside surface temperatures of building skin
shading, etc.) skin
Room environmental requirement
or criteria N . Model of turbulent flow calculate, Finite . .
b) . Room temperature set point, Pick-up time . Indoor air temperature gradient
(ex. room temperature set point, difference scheme
air quality, etc.)
Weather data . . . . o .
" fur I diati Outdoor air temperature, Solar radiation, Wind Outdoor air temperature, Solar radiation, Wind
c) (ex.) emperature, solar radiation, speed speed
ete.
Energy data . N o . . . . o
d . tatisti ¢ Size and position of lighting, furniture,office- Energy and loss coefficient of turbulent flow in |Heat gain and schedule from lighting, office-
) |(ex. energy prlces,)s atistics o machine and occupancy supply air outlet machine and occupancy
energy usage, etc.
HVAC system data
e) | (ex. system type, configuration of |Schematic diagram of system Operation time Operation time
system, etc.)
HVAC component data Size and shape of supply air outlet and return  |Supply air volume, Temperature/humidity of . . .
X. P, water fl rate, et air inlet supply air
f) (ex. COP, water flow rate, efc.) it inl Iy ai Air temperature in duct and pipe
Control system data Room temperature set point, PID parameters of [Integral sampling step, Controlstep of AHU Supply air volume Temperature/humidity of
g) |(ex. set point, PID parameters, controller for the supply air temperature, Time |water valve opening, Time delay, Dead band of PPy al - emp ity
e . supply air, AHU water valve opening
etc.) constant and sensitivity of thermostat room air temperature sensor
Maintenance data
h) |(ex. maintenance level, mumble of
maintainer, etc.)
i)
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

On-going Type FDD Tool with Pattern Recognition for VAV Systems

COUNTRY / ORGANIZATION

Japan /SANKO Air Conditioning CO.,.LTD

TARGETED BUILDING / SYSTEM TYPE(S)

non-residential (office) buildings / performance

CONTACT PERSON:

Mingjie Zheng and Song Pan

REQUIRED INFORMATION

D

1)

i)

V)

V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Building data
(ex. area size, U values, solar
shading, etc.)

a

=

Room environmental requirement
or criteria

(ex. room temperature set point,
air quality, etc.)

b

N

Set point of room air temperature

Air temperature of each room

Weather data
(ex. temperature, solar radiation,
etc.)

C

-

Energy data
(ex. energy prices, statistics of
energy usage, etc.)

d

=

HVAC system data
(ex. system type, configuration of
system, etc.)

[

N

Sampling intervals of system's data, Threshold
of statistical data of measured data and their
Fourier Transform values

Operation state of HVAC system, Supply air
temperature and volume of AHU, Air volume of
VAV unit,

HVAC component data

Number of VAV units
(ex. COP, water flow rate, etc.)

Sampling intervals of unit's data

Inlet/outlet cooling water temperature of AHU,
Cooling water flow rate of AHU

Control system data
(ex. set point, PID parameters,
etc.)

=

g

Maintenance data
(ex. maintenance level, mumble of
maintainer, etc.)

h

=
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

A Tool for optimizing the operation of heating cooling plants

COUNTRY / ORGANIZATION

Japan / Kyoto University

TARGETED BUILDING / SYSTEM TYPE(S)

Any type

CONTACT PERSON:

Harunori Yoshida

REQUIRED INFORMATION

D

1)

111)

V)

\)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Building data
(ex. area size, U values, solar
shading, etc.)

a

-

Hourly heating/cooling load

Hourly heating/cooling load

Room environmental requirement
or criteria
b)

(ex. room temperature set point,
air quality, etc.)

Weather data
(ex. temperature, solar radiation,
etc.)

C

-

Hourly temperature, relative humidity

Hourly temperature, relative humidity

Energy data
(ex. energy prices, statistics of
energy usage, etc.)

d

=

Energy prices

Hourly energy cost of each heating/cooling
source equipments (for the purpose of refining
equipment models)

HVAC system data
(ex. system type, configuration of
system, etc.)

€

—

HVAC component data
(ex. COP, water flow rate, etc.)

Specifications of heating/cooling source
equipments, delivery pumps, cooling towers,
thermal storage tanks, heat exchangers used for
thermal storage systems

Set points of chilled/hot water temperature,

cooling water temperature

Control system data
(ex. set point, PID parameters,
etc.)

=

g

Control logic for start/stop heating/cooling
source equipments, cooling tower fans

Maintenance data

h) |(ex. maintenance level, mumble of

=

maintainer, etc.)

i)
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

A Tool for Optimizing the HVAC System with Ground Thermal Storage

COUNTRY / ORGANIZATION

Japan / Kyoto University

TARGETED BUILDING / SYSTEM TYPE(S)

HVAC System with Underground Thermal Storage

CONTACT PERSON:

Harunori Y oshida

REQUIRED INFORMATION

D

1)

[in)

V)

V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Building data

Site/Area size
Foundation pile/Number
Foundation pile/Diameter
Foundation pile/Depth
Water pipe/Shape

Water pipe/length

a) |(ex. area size, U values, solar Water pipe/Inside diameter
shading, ctc.) Water pipe/Outside diameter
Soil/Heat thermal conductivity
Soil/Specific Heat
Soil/Density
Concrete/Heat the
Room environmental requirement . .
- Retumn air condition/Temperature
b) |or criteria (ex. room temperature

set point, air quality, etc.)

Return air condition/Humidity

Weather data
¢) |(ex. temperature, solar radiation,
etc.)

Outdoor condition/Temperature
Outdoor condition/Humidity

Energy data
d) [(ex. energy prices, statistics of
energy usage, etc.)

DHC plant/System COP

Ground/Charged heat amount

HVAC system data (ex. system |HVAC system/System Type HVAC system/Mode (Storage or discharge) .
©) fiouration of HVAC systen/Configuration HVAC system/Switch Ground/Discharged heat amount
type, configuration of system, etc.) Y 2 Y Ground/Soil temperatures
Pump for storage/Specification data
HVAC component data PumP for dlscharge/$p6c1ﬁcatlon data Pump for st.orage/Energy consumptlot.l
f) coP ter fl te. et Cooling Tower/Specification data Pump for discharge/Energy consumption
(ex. » water flow rate, etc.) Air heat exchanger/Specification data Cooling Tower/fan/Energy consumption
Cooiling coil/Specification data
Control system data Cooling coil/Water valve/Control strategy Pump for storage/water flow rate/Set point
B (the flow rate is controlled so that the outlet . .
g) |(ex. set point, PID parameters, water temperature of the coil attains the Cooiling Tower/Fan/Inverter value/Set point
etc.) tempera::ie set point ) Cooiling Coil/Outlet water temperature/Set point
Maintenance data
h) |(ex. maintenance level, mumble of

maintainer, etc.)
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME A Tool to Estimate Energy Baselines
COUNTRY / ORGANIZATION Japan / Kyoto University
TARGETED BUILDING / SYSTEM TYPE(S) Any type
CONTACT PERSON: Harunori Yoshida
REQUIRED INFORMATION
) 1I) 110) V) V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Building data
(ex. area size, U values, solar
shading, etc.)

a

e

Area Size (6169 mz), Air-conditioned area
(3942 mz), Wall configuration

Room environmental requirement
or criteria

(ex. room temperature set point,
air quality, etc.)

b)

Number of Occupants (260 persons),
Calorific value of lighting and the office
machines

Room air temperature and humidity

Weather data

Outdoor air temperature and humidity,
Grobal solar radiation

¢) |(ex. temperature, solar radiation,
etc.)
Energy data

d) [(ex. energy prices, statistics of

energy usage, etc.)

Energy consumption of whole building

HVAC system data
(ex. system type, configuration of
system, etc.)

[§]

-

Operating time

Fresh air intake volume (2.46 mg/hmz)

HVAC component data
(ex. COP, water flow rate, etc.)

Inlet and outlet water temperature of
chiller, water flow rate of chiller

Control system data
(ex. set point, PID parameters,
etc.)

=

g

Maintenance data
(ex. maintenance level, mumble of
maintainer, etc.)

h

=

i)}
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

Tools for Life Cycle Energy Management (LCEM) for Buildings

COUNTRY /ORGANIZATION

Japan / Ministry of Land, Infrastructure and Transport (MLIT)

TARGETED BUILDING / SYSTEM TYPE(S)

Public buildings

CONTACT PERSON:

Public Building Association of Japan

REQUIRED INFORMATION

D

)

110)

V)

V)

Design data Operation data Measured data
(ex. area, conponent performance, etc.) (ex. set point, operation time, etc.) (ex. temperature, humidity, etc.)
o floor area
Building data .
. location
a) |(ex. area size, U values, solar . . . L
. items for cooling/heating load estimation
shading, etc.) .
annual operation schedule
Room environmental requirement .
or criteria set point of
b) . hourly indoor cooling/heating load indoor temparature (DB,WB) indoor temparature (DB,WB)
(ex. room temperature set point, .
. . on/off time
air quality, etc.)
Weather data . .
. outside air temparature(DB, WB)
c) |(ex. temperature, solar radiation, |standard annual weather data
supply water temparature
etc.)
Energy data . . actual gas consumption
d) [(ex. fr}:er rices, statistics of gas calolific value gas calolific value actual gower conszm tion
! gy p ’ volum of wasete heat from CGS amount of use of wasete heat from CGS P p.
energy usage, etc.) actual water consumption
HVAC system data . . . .
)| (ex. s stim <. confieuration of system type, capacity, ducts specification |HVAC on-off time
- 5Y type, B system COP at partial load operation schedule
system, etc.)
specifications of components
HVAC component data chiller/heater, pump, AHU, fan,
f) P . pump COP at actual load
(ex. COP, water flow rate, etc.) cooling tower, etc.
COP at partial load
Set point of Set point of min and/or max .
Control system data _p . 'p . actual data of inlet and/or outlet of
. chilled water temparature for chillers chilled water temparature for chillers .
2) |(ex. set point, PID parameters, . N . . . chilled/hot water temparature
cooling water for cooling towers cooling water for cooling towers .
etc.) . . cooling water temparature
required water head for pumps required water head for pumps
Maintenance data .
. frequency of maintenance by components
h) |(ex. maintenance level, mumble of
L. COP recovery rate
maintainer, etc.)
i
)]
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

Energy analysis module (on Energy Plus) for the variable refrigerant flow(VRF) air-conditioning system

COUNTRY /ORGANIZATION

Japan / Daikin Air-conditioning and Environmental, Laboratory, Ltd

TARGETED BUILDING / SYSTEM TYPE(S)

HVAC System for the variable refrigerant flow(VRF) air-conditioning system

CONTACT PERSON:

Shingo Itoh

REQUIRED INFORMATION

D

1I) 11T) V)

V)

Design data
(ex. area, conponent performance, etc.)

Measured data
(ex. temperature, humidity, etc.)

Operation data
(ex. set point, operation time, etc.)

Building data

Location ,Area size
Structure of building (Thickness,Material

a) |(ex. area size, U values, solar . . .
. properties, Window-size etc)
shading, etc.) .
Zoning
Room environmental requirement .
. Set point ..
b) or criteria Ventilation Internal load driving schedule(People,
. ntilatior L. . .
(ex. room temperature set point, . lighting, Electric equipment, etc)
. . Infiltration
air quality, etc.)
Typical Meteorological Year 2 (TMY) weather
Weather data format.
¢) |(ex. temperature, solar radiation,
etc.)
Energy data
d) [(ex. energy prices, statistics of
energy usage, etc.)
HVAC system data System tybe
e) | (ex. system type, configuration of Y typ Operation data
Configuration of system
system, etc.)
Performance curve(Total capacity,Power
HVAC component data . . (A . pactty
f) input,PLR ,Combination ratio)

(ex. COP, water flow rate, etc.)

Control system data
2) |(ex. set point, PID parameters,
etc.)

Maintenance data
h) |(ex. maintenance level, mumble of
maintainer, etc.)

)
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

CFD Coupled Simulation Tool for Natural Ventilation System with Earth Tube

COUNTRY /ORGANIZATION

Japan /SANKO Air Conditioning CO.,LTD

TARGETED BUILDING / SYSTEM TYPE(S)

annexation systemof cool/heat tube and natural ventilation

CONTACT PERSON:

Mingjie Zheng, Song Pan

REQUIRED INFORMATION

D

1)

i)

V)

V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

a

e

Building data
(ex. area size, U values, solar
shading, etc.)

Width,height,length and buried depth of earth
tube

mesh shape and division rate for CFD, Energy
and loss coefficient of turbulent flow

Outside surface temperatures of building skin,
Temperature of soil

b)

Room environmental requirement
or criteria

(ex. room temperature set point,
air quality, etc.)

Model of turbulent flow calculate, Finite
difference scheme, Temperature of soil, Heat
transfer rate of soil and tube

Indoor air temperature gradient

C

-

Weather data
(ex. temperature, solar radiation,
etc.)

Outdoor air temperature, Solar radiation, Wind
speed, Wind direction

Outdoor air temperature, Solar radiation, Wind
speed, wind direction

d

=

Energy data
(ex. energy prices, statistics of
energy usage, etc.)

Size and position of lighting, furniture,office-
machine and occupancy

Heat gain and schedule from lighting, office-
machine and occupancy

[

-

HVAC system data
(ex. system type, configuration of
system, etc.)

Surface pressure coefficient and operating rate
of each aperture, Number/height/area of
apertures

Supply air temperature and volume of each
aperture

HVAC component data
(ex. COP, water flow rate, etc.)

=

g

Control system data
(ex. set point, PID parameters,
etc.)

Convergence judgement criteria of the coupled
linear equation and pressure correction

h

=

Maintenance data
(ex. maintenance level, mumble of
maintainer, etc.)

D
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

Proto-type FDD tool for laboratory exhaust system

COUNTRY /ORGANIZATION

Japan / TAKENAKA CORPORATION

TARGETED BUILDING / SYSTEM TYPE(S)

Laboratory,factory

CONTACT PERSON:

Takao Odajima

REQUIRED INFORMATION

1) 10) 11IT) V) V)
Design data Operation data Measured data
(ex. area, conponent performance, etc.) (ex. set point, operation time, etc.) (ex. temperature, humidity, etc.)
Building data
a) |(ex. area size, U values, solar Occupancy time
shading, etc.)
Room environmental requirement ) ) o
b) or criteria Rotom ?etmpRemture. set pomt,cllil(;lﬂatlve hum:d“y Room temperature ,Relative humidity , Roomair
. S¢ omt, Roomair pressure difference se .
(ex. room temperature set point, poi:t ’ pressure difference
air quality, etc.)
Weather data
¢) |(ex. temperature, solar radiation, Hourly temperature, relative humidity
etc.)
Energy data Hourl on of each
. .. . ourly energy consumption of eac
d) [(ex. energy prlces,) statistics of Energy prices heating/cooling source equipments
energy usage, etc.
HVAC system data Schematic di feystem System Al
e) | (ex. system type, configuration of an:na ¢ dlagramotsystem, Systemtype, Al Operation time Supply and exhaust air volume,
system, etc.)
HVAC component data Specificati FHVAC . " Exhaust VAV status, Operation status of each
f) (ex. COP, water flow rate, etc.) pecitications o equipments fume hood operation, Sash opening height
Control system data Control strategy of supply and exhaust VAV
g) |(ex. set point, PID parameters, control, supply and exhaust fan control and set |PID parameters
etc.) point control
Maintenance data A d4d d factor based .
. ssumed demand factor based on pas N .
h) |(ex. maintenance level, mumble of operational data P Demand factor of fume hood operation
maintainer, etc.)
i)
h)j
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SUBTASK B: Commissioning and Optimization of Existing Buildings

TOOL NAME

Energy Performance Commissioning of Existing Buildings and Building Portfolios

COUNTRY / ORGANIZATION

Finland/VTT

TARGETED BUILDING / SYSTEM TYPE(S)

All kind of existing buildings

CONTACT PERSON:

Jorma Pietilainen

REQUIRED INFORMATION

D

1)

111)

V)

V)

Design data
(ex. area, conponent performance, etc.)

Operation data
(ex. set point, operation time, etc.)

Measured data
(ex. temperature, humidity, etc.)

Building data
a) [(ex. area size, U values, solar
shading, etc.)

Building type (purpose of use, classification
based on the main use)

Information on main and sub usages (e.g.
share of area)

Minimum is the usable net floor area, possibly
heated+total building volume

Room environmental requirement
b) or criteria
(ex. room temperature set point,

air quality, etc.)

Share of spaces with "abnormal" condition
requirements

Weather data
¢) |(ex. temperature, solar radiation,
etc.)

Mean outdoor temperature and monthly/yearly
heating (cooling) degree days, possibly other
weather data as well

E dat: . . . Yearl ferabl th i
nergy cata . . Energy forms/carriers, Prices for heating carly or (preferably) monthly f:onsump 1on.
d) [(ex. energy prices, statistics of . figures (preferably meeter readings) of heating
and electrical energy+water .
energy usage, etc.) and electrical energy +water
HVAC system data ' Possibly operation times or classification System type for staFEtical analyse':s (chssiﬁcation
e) | (ex. system type, configuration of like natural/mechanical exhaust air/mechanical
(8/12/16/24 hours/day) . L L.
system, etc.) intake+exhaust air/air conditining/heat recovery
f HVAC component data
(ex. COP, water flow rate, etc.)
Control 1 dat: Lo
oo sys' em cata Control principles, manual or BAS or other
2) [(ex. set point, PID parameters,

etc.)

automation/remote control (e.g. BEMS)

Maintenance data
h) |(ex. maintenance level, mumble of
maintainer, etc.)

M&O-manual (form: paper/eelctronic)

i) |User data

Amount of users/year or month (if available) like
pupils/students in schools etc. to be used in
benchmarking and performance metrics
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