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Abstract 
This report summarizes the lessons learned during the BuildingEQ project. It also includes 
experiences described in the IEA ECBCS Annex 46 where two of the partners of the BuildingEQ 
project also contributed. 

In doing this we concentrated on three topics 

·  Guidelines for future development of EPBD in respect to ongoing commissioning 

·  Workflows for the 4 steps to introduce ongoing commissioning 

·  Energy saving opportunities during ongoing commissioning 

By this we summarize the state of the art in ongoing commissioning and help to make it a more 
common praxis. 
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1. Introduction 
The building sector is responsible for more than 40 percent of the European energy consumption. 
At the same time, the potential to save energy by appropriate building operation management, i.e. 
by taking measures involving very low or no investment costs, ranges from 5 – 30%. This applies 
particularly to the non-residential building stock. 

At present, however, technical systems in buildings are not usually monitored to guarantee their 
performance or to check the energy efficiency of their operation. Maintenance is limited to ensuring 
that the primary functional aim is fulfilled e.g. warm or cool rooms. Even in new buildings, an 
energy optimised operation is often not achieved. Often technical systems in buildings operate far 
below their energetic/economic optimum. At the same time, the system owner or operator lacks the 
technical know-how and/or capital necessary to make any improvements. 

The Energy Performance of Buildings Directive (Directive 2002/91/EC) which prescribes energy 
certificates for new and existing buildings might offer some opportunities in this field. With the 
increasing dissemination of energy certificates the awareness of building owners concerning 
energy efficiency will rise. Furthermore the EPBD is considering the building envelope and the 
HVAC systems as parts of the same entity and could thereby establish a basis for global 
optimisation of building performance. 

Another quite new approach, that first was established in USA, is ongoing or Continuous 
Commissioning (CC) (Continuous Commissioning® and CC® are both registered trademarks of 
the US by Texas A&M University) or ongoing commissioning (OG). The term denotes an ongoing 
process for the quality assurance of building performance. It is designed to develop targets and to 
verify and document their achievement. Ongoing commissioning is seen as a prerequisite for an 
energy efficient long term operation of buildings. 

In general, the aims and the holistic approach of ongoing commissioning are the same as the ones 
given in the European Performance of Buildings Directive (EPBD). Therefore it should be possible 
and worthwhile to find a linkage between them that leads to synergies. 

The report “Implementation in the demonstration buildings and continuous assessment of 
performance” describes how we applied the technologies developed in Building EQ in the12 
demonstration buildings selected in WP 4 and the lessons learned from these exercises. 

As a result, it can be stated that - if asset ratings are applied with individual user profiles and actual 
weather data - the certification could deliver the actual state of the building and a theoretical target 
value for energy performance. However, asset ratings for existing buildings – which are 
investigated in Building EQ – are only prescribed in a few countries. Most Member States will have 
operational ratings for existing buildings which in their present definition are not suited for any kind 
of detailed analysis for the type of building we consider in Building EQ. 

One major drawback (at present state) is the diversity of the different national implementations in 
the Member States. That is, there will be no common data set for all Member States that can be 
exploited for performance analysis.  

On the other hand, there exist a lot of valuable assessment techniques like: Benchmarking, 
Visualization, model based techniques and Functional Performance Tests (FPT) that can be 
applied for ongoing commissioning. 

Therefore Guidelines were developed which can be applied at various levels of EPBD 
implementation1. Within the Guidelines a general procedure for the evaluation of building 

                                                
1 See Building EQ „Guidelines for the Evaluation of Building Performance“, download: 
http://www.buildingeq.eu 
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performance was presented that combines the certification with an introduction of a ongoing 
commissioning process. The experiences from our demonstration projects confirm the applicability 
of these guidelines. 

The general structure of this report is as follows: 

·  Chapter 2  
describes the concept of OC as developed in Building EQ 

·  Chapter 3  
summarizes the main findings of the demonstation projects of Building EQ.  

·  Chapter 4   
This chapter is the main chapter of this report. It shortly introduces into the plans for 
future developments of the EPBD as described in the proposal for a DIRECTIVE 
OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on the energy 
performance of buildings presented by the Commission in Nov. 2008 and 
comments its action plan from the view of the experiences in Building EQ 

·  Chapter 5  
In this chapter we try to condense the experiences reported in WP 3 at the start of 
the project and to draw some general conclusions on introducing energy 
assessment and ongoing commissioningion into building operat. 

·  Chapter  6 
summarizes the group’s experiences in energy conserving measures from the 
present and earlier projects and gives a list of successful measures for 
nonresidential buildings. 
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2. Concept for Ongoing Commissioning – The general 
outline developed in Builing EQ 

This chapter describes the general structure of the process developed for evaluation of building 
performance in the framework of Building EQ. The general idea is to exploit or include the results 
from the EPBD-certification as much as possible in an ongoing commissioning process. A detailed 
description of the concept is given in the report “Guidelines for the Evaluation of Building 
Performance ”2 

2.1. Ongoing Commissioning 
The “Continuous Commissioning Guidebook” of the FEMP /10/ gives the following definition for 
continuous commissioning (CC): 

“Continuous Commissioning is an ongoing process to resolve operating problems, improve 
comfort, optimize energy use and identify retrofits for existing commercial and institutional buildings 
and central plant facilities.” 

It is presumed that the OC is performed and managed by a professional Commissioning Provider 
that is usually a contractor of the building owner.  

Furthermore, the OC process is split in two phases: 

·  Phase1: Project Development 
This phase comprises the identification of buildings to undergo the OC process 
and a first pre-scanning. The pre-scanning includes a check of design 
documents and available energy measurements on whole building level. 
Furthermore, the owner’s requirements are defined and the availability of in-
house staff is checked. 

·  Phase 2: Implementation and Verification  
Phase can be further split into six steps: 

o Develop the OC plan and form the project team  
A detailed plan with the major tasks concerning measurements, analysis 
and a time schedule are developed. The in-house staff or owners 
representative involved in the project must be identified. 

o Develop performance baselines 
Document existing energy performance, system conditions and all 
known comfort problems. Development of a metering plan. 

o Conduct system measurements and develop OC measures  
Identify current operation schedules, set points and problems, develop 
solutions to existing problems, Develop improved operation and control 
schedules and set points, identify potential cost-effective energy retrofit 
measures. 

o Implement OC measures  
Implement solutions for existing operational and comfort problems, 
implement and refine improved operation and control schedules. 

o Document comfort improvements and energy savings   
Document all achieved improvements 

                                                
2 Donwload here: www.buildingeq.eu under „results“ 
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o Keep commissioning ongoing 
Maintain achieved improvements and provide measured annual energy 
savings. 

 

 

2.2. The Building EQ approach (4-step procedure) 

2.2.1. Energy management, energy assessment and ong oing 
commissioning  

Energy management  (EM) is a permanent process in an organization whose aim is to optimize 
the amount of energy consumed in buildings and its processes. In practice, this most often means 
reducing current consumption through changes in operation and maintenance or by making 
investments in retrofits and new technologies. Good energy management is based on information 
received from energy assessments and begins with an understanding of how a building uses 
energy. Most often, management and assessment activities cover a building portfolio that consists 
of several buildings and possibly the energy production and distribution infrastructures as well. The 
information and methods needed may vary respectively, depending on the level at which the 
activities are carried out (Figure 1). As with all kinds of management, the general rule for energy 
management is that, in the beginning, the “big picture” (state of art) should be understood before 
proceeding to more detailed analyses on system and component levels. 

 

Figure 1: Levels of energy management, assessment and ongoing commissioning (from IEA 
ECBCS Annex 46 energy assessment protocol) 

Energy management includes both short- and long-term aspects.  

·  In the short term, the existing building and its systems and equipment should be used as 
efficiently as possible to get the most out of money invested and to minimize loads on the 
environment. This can be achieved with the help of ongoing commissioning 

·  In the long term, technical and functional performance must be improved to match permanent 
and changing user requirements and increasing socioeconomic demands. 

Energy assessment  (EA) is an integral part of energy management, both in the short and long 
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term. Short-term activities focus on monitoring consumption, good housekeeping (operation and 
maintenance) and ongoing commissioning. Short-term activities also produce important information 
needed in long-term management for planning retrofits and investments aimed at improving 
performance. Actions taken to improve efficiency can vary too (For the most successful ones see 
chapt 6). Some cost nothing, others are low-cost, and some require bigger investments. Some use 
technology; others focus on people (human behavior). Both must be kept in mind, and it is 
important to remember that technology is just part of the solution when aiming at improved energy 
efficiency. However, good energy management will normally deliver savings through a combination 
of methods. 

 

Figure 2: Energy management strategies 

The starting point of ongoing commissioning  (OC) is typically an energy audit or energy 
assessment during which OC measures are identified. For new buildings this energy assessment 
should be identical to the commissioning of the building and its technical systems. For existing 
buildings a new audit has to be performed. This can be done with different intensity which reflects 
the overall importance of energy in the building and resulted in the 4 step procedure described in 
the next chapter. The energy assessment is then followed by a second phase during which the 
ongoing commissioning measures are refined and implemented following the six steps described. 
This of course has to be repeated continuously to avoid new wastes or inefficiencies right from the 
beginning. 
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Figure 3: Ongoing commissioning results in continuous improvement of energy performance 

2.2.2. 4 step procedure of Building EQ 
In the framework of the Building EQ project a 4-step procedure was developed that follows also a 
general top-down approach and which tries to combine the outcomes of the certification process 
according to EPBD with OC. The idea of this top-down approach is to put effort in form of 
measurements and analysis only where and when necessary. The transition from one step to the 
next should only be performed if certain criteria are fulfilled.  

Furthermore, the guidelines given by Building EQ are based on the following assumptions: 

·  Persistence of energy efficient operation of a non-residential building can only 
be achieved by ongoing commissioning 

·  An ongoing monitoring (based on hourly or sub hourly measurements) is 
therefore crucial 

·  However, the installation of the measurement equipment is carried out only if 
necessary for further analysis. 

·  All analysis should be based on a predefined minimal data set. 

Table 1 gives a simplified overview over the single steps.  

In order to arrive at systematization, for each step the following items are to be defined: 

·  A flow diagram that shows how the step is applied for different boundary conditions 
and when the next step is to be applied. 

·  Required stock data 

·  Required measured data 

·  Performance Metrics / Evaluation Techniques 

·  Outcomes / aims of the step 

By providing these definitions the task of developing an OC plan and energy saving measures 
should be standardized at least at the whole building level. In the report “Guidelines for the 
Evaluation of Building Performance” you will find a detailed definition for each step. 
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Table 1 Overview over 4-step-procedure 
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Figure 4 shows a simplified scheme of the 4-step procedure on a time scale as it is applied to the 
demonstration buildings within the Building EQ project. 

It is important to notice that the ongoing commissioning approach can be introduced right after step 
1 as a classification of the building is available already at that stage. 

While step 1+2 are principally defined by the national implementation of the EPBD in most Member 
States, step 3 and 4 are not covered by the EPBD. 

However due to the diversity of the different national implementations, even for step 1+2 there will 
be no common data set for all Member States that can be exploited for performance analysis.  

 

Figure 4: Scheme of the 4-step procedure on a time scale 

4
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This 4 step procedure is very similar to the four Level approach developed in the frame of IEA 
ECBCS Annex 46. Thus both projects could influence each other what puts the findings on a much 
broader basis. We will discuss this in more detail in the second part of this report. 

 

Figure 5: Four Level scheme of IEA ECBCS Annex 46 energy assessment protocol) 

 

2.3. The Minimal Data Set 
Two different kinds of data has to be distinguished considering the performance analysis of 
buildings: 

·  Stock data 
Stock data comprises information about the structure and properties of the 
building envelope (e.g.: U-values and areas) and the HVAC system (e.g.: kind 
and capacity of heat generators). 

·  Measured data 
Measured data comprises all measurements of process and state variables in 
the building. 

Consequently, for each step a set of stock data was developed if necessary. Furthermore a 
minimal data set of measured data was developed in order to evaluate the performance of a 
building.  

Generally, the availability of measured data with sufficient quality in existing buildings is low. At the 
same time the monitoring of all components of a system usually requires a considerable budget for 
additional measurements and is not feasible. Considering this situation the analyst has to decide 
upon a minimal data set that is able to reveal the characteristics of the performance without 
demanding to much budget. 

In the framework of Building EQ a minimal set of measured data was consciously chosen. It is 
believed to be the minimal amount of measured data that is necessary to facilitate a rough overall 
assessment of the performance of the system. 
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The minimal data set is shown in Fehler! Verweisquelle konnte nicht gefunden werden. . 

Table 2 Minimal data set of measured data 
The time resolution must be at least 1 hour or below 
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The rationale for this data set is given below: 

·  Weather data 
In order to identify the weather dependent part of the load the outdoor air 
temperature, humidity and insolation must be measured. 

·  Indoor climate 
As indoor climate (temperature and humidity) is the control variable for the 
HVAC system, it is important to measure at least some reference zones. 

·  System Data (water based) 
The supply and return temperatures of the main water circuits help to 
understand how the load is met. 
Even though the mass flow and/or the control signal of the pumps would be 
also of high interest in this context, these variables are not part of the minimal 
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data set as their installation is quite expensive. However, if either of these 
variables ara available over the BAS, it should be recorded. 

·  System Data (air based) 
The Supply air temperature and moisture are recorded for the minimal data 
set – given that the supply air is thermodynamically handled. For the air flow 
and the control signals of fans and dampers the same rationale as for water 
based systems apply 

·  Control signals 
During the project it became obvious that the control signals of the drives 
(pumps and fans) are essential for the analysis. Even though a lot of 
information (e.g. operation schedules) might be derived from the system 
temperatures alone, without the control signals the analysis would have been 
difficult in most demonstration buildings and impossible in some of them (e.g. 
it might be impossible to assess the system tempoeratures, if it is not clear 
weather the system was operated or not). Consequently, the control signals 
were added to the minimal data set.  

 

3. Main findings of Building EQ 
We have introduced ongoing commissioning as an ongoing process to resolve operating problems, 
improve comfort, optimize energy use and identify retrofits for existing commercial and institutional 
buildings and central plant facilities. We also stated that the starting point of ongoing 
commissioning is typically an energy audit or energy assessment during which energy conserving 
measures (ECM) are identified. This is then followed by a second phase during which the ECMs 
are refined and implemented following the four steps described. Here it is of great help to have 
access to control signals of the main drives too. Such signals could be provided by the BAS if 
available. 

Energy assessment has the primary goal to detect weaknesses in the building as well as in the 
building operation and to eliminate wastes and inefficiencies. Depending from the type of building 
and the time of the energy assessment in the lifetime of the building this might result in energy 
savings up to 40% due to improving building operation (see multipurpose building of the University 
of Stuttgart in 2005) and up to 90% if more expensive energy conserving measures are included 
during renovation and retrofit. This is well known and the basis of most energy performance and 
public private partnership contracts. 

The situation becomes different if we try to keep commissioning continuous. Now we try to avoid 
new wastes and inefficiencies. In contrast to the correction of errors the consequences of avoiding 
wastes and inefficiencies can hardly be proved. In this case we have to rely on projects with 
missing ongoing commissioning as it was the case in the years 2005 to 2008 at the multipurpose 
building of the University of Stuttgart. There we can see - as in comparable projects – avoidable 
inefficiencies and wastes in the order of 5 to 10 % per year. However to detect this potential in due 
time requires an early and basically automatic fault detection and diagnosis. In the Building EQ 
project we were able to indicate some solutions but are still far away from making these operable. 
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3.1. Barriers in installing energy management syste ms 

3.1.1. Barriers in installing energy management sys tems in 
the demonstration projects 

Even though the consortium decided to start the work for data acquisition already end of 2007 (the 
originally schedule started only in April 2008) the installation of the measurement equipment and 
the data transfer was delayed. This is mainly due to problems for which the consortium is not 
responsible or that were not foreseen, but which seem to be typical for most energy saving 
projects. They can be divided into general and technical problems and are applicable to ongoing 
commissioning as well as energy management. 

3.1.2. General barriers in installing energy manage ment 
systems 

The practical implementation of ongoing commissioning is often constrained by the following: 

·  Cost-benefit problems. 
In average the investment cost for the measurement equipment and / or 
enhancement of the building automation system (BAS) are in the order of 10-
20% of the yearly energy cost. However, as secured information about cost-
benefit of ongoing commissioning is not easily available, building owners have 
to be convinced in order to do such an investment. Furthermore the 
negotiations about offers from installers took a significant amount of time. 

·  Administrational problems. 
In Italy the existing contracts were affected by the installation of additional 
measurement equipment. Usually the contractor supplies premises with heat 
based on a price per cubic meter while the actual energy consumption is not 
known. The installation of sub meters for several buildings gives the building 
owner the possibility to check the contract which is not favorable for the 
contractor. Other administrative barriers, at least for the Italian case and 
connected to the University, is the number of involved stakeholders: the stock 
data that concerns the buildings structures and equipments refer to the 
technical office, the stock data related to the building consumption are located 
to the administrative or to the financial office, than the installation of electrical 
wiring of the data acquisition devices depend to a public enquire, whereas the 
data cquisition devices itself are connected to the building energy management 
contractor. 

·  Organizational problems 
An ongoinmg commissioning approach requires the identification of the team 
(i.e. persons and organizations involved) and clarification of responsibiluties as 
well as an action management plan that prescribes how and by whom identified 
saving potentials are implemented.  
As Building EQ was a more technical project, the importance of these issues 
was underestimated. Consequentely, the implementation of measures was a 
major hurdle for the achievement of real savings. 

·  Building habits  
Electricity consumption is one of the crucial variables in the minimal data set. 
But e.g. in Sweden it is not usual to measure the total electricity consumption in 
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a building with several tenants as they have their own meters. The installation 
here is more than a pure technical problem but affects also habits and building 
owners asks for explanations.  

·  Clarification of technical details of data acquisit ion 
In all countries of the consortium additional installations were necessary (at 
least to some extent) to gather the minimal data set. Clarification of current 
state of the installations, adjustments or amendments of the measurement 
equipment as well as the building automation system (BAS) had to be clarified. 
Furthermore, security issues concerning the remote access of the building 
automation system often caused difficult negotiations. 

·  Lack of awareness of building owner / operation sta ff  
Often, the need for ongoing commissioning is not appreciated by the building 
owner or the operation staff. The cost-benefit relation of such a procedure is 
perceived as high. 

·  Lack of data  
Especially for existing buildings there often is a lack of data. Stock data might 
be not available at all, distributed and difficult to access or just wrong due to 
erroneous or not updated documentation. 
Metering data normally is reduced to a minimum necessary for the energy 
billing. Frequently in case of building stock that relates to the same owner, 
metering for the billing is even for several buildings (school, university, hospital) 

·  Lack of budget 
Although it is possible to utilize very detailed building models and/or a large set 
of measured data for analysis, the cost of such an approach is far to high to 
adopt it as a standard procedure. 
The budget is a strong constraint for the measurement equipment as well as for 
the effort put into the acquisition of the stock data during the audit. 

·  Lack of information on procedures 
Although it is possible to optimize procedures to introduce energy management 
there is still a lack of standardized information. This causes trial and error 
solutions which result in sub optimized solutions depending on the experiences 
of the professional commissioning provider  

·  Lack of information on energy conserving measures  
Although there ar many energy conserving measures known there is still a lack 
of standardized information. This causes trial and error solutions which result in 
sub optimized solutions depending on the experiences of the professional 
commissioning provider 

3.1.3. Technical problems  
The installation of the sensors for the minimal data set and especially the hourly or sub-hourly time 
resolution has caused some technical problems which are briefly described here.  

·  Lack of space for installation of sensors  
In many cases heat or cold meters have to be installed or renewed in existing 
buildings for the purpose of energy management. Often, the space for the 
installation is not sufficient as the necessary flow meters need 4-10 pipe 
diameters of straight pipe length in order to deliver accurate values. 

·  Time resolution / power supply of energy meters 
Even if energy meters are installed they are very often only read on a yearly or 
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monthly basis. Many of these meters are therefore equipped with a battery as 
power supply. These batteries are not sufficient if the time resolution of the 
readings is hourly or sub-hourly as the battery is discharged very quickly.  
Therefore energy meters must have a grid connected power supply  

·  Constraints of field bus communication  
The communication of many field bus systems can be quite constrained 
concerning the amount of traffic. 
Therefore, if it comes to sub-hourly time resolution of the data measurement, 
the limits of the field bus might be exceeded what results in loss of data. 
In many cases the field bus system therefore as to be enhanced. 

·  Wiring  
If installation of additional sensors for the minimal data set is necessary often a 
significant amount of wiring is involved. Besides the associated cost, also 
technical problems can arise because, e.g. because fireproof bulkheads have to 
be renewed or risers have to be opened and closed. 
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3.2. Energy savings and CO 2 reduction in the demonstration 
projects 

The first surprising experience from the demonstration building was that even with a monitoring 
system installed as was the case in Senates Headquaters and the Multi purpose building 
considerable saving potential were available due to the ongoing commissioning process. 

An important thing concerning the justification of an ongoing commissioning approach is the 
measurement and verification of savings. By measuring or calculating and documenting the 
achieved saving the cost-benefit of the ongoing performance evaluation can be determined. It is 
the main purpose of this chapter to describe the experiences made at the different demonstration 
buildings. This will give the experimental base for the conclusions drawn in the following chapter. 

During the course of our work we identified three areas where we could initiate major energy 
savings and CO2 reductions during building operation: 

o Energy audit:  
one time procedure to document building and equipment and to identify saving potentials. 
Typically the starting point for OC  

o Ongoing monitoring 
Installation of measurement equipment and recording and periodically analysis of most 
relevant data in order to identify saving potentials. Ongoing Monitoring is an substantial part 
of the whole ongoing commissioning process 

o Ongoing commissioning 
Overall quality assurance process for building operation. See description in chap.5.1.5. 

 

The experiences made in Building EQ can be decribed as follows: 

1. The energy audit  according to the EPBD results in an energy certificate including measures to 
improve energy efficiency. Here we identified savings up to 40% due to both improvement of 
the envelope and increasing the efficiency of the HVAC systems and their operation. However 
individual calculations had to supplement the norm calculations for the kind of buildings 
considered in the Building EQ project. Thus the savings relayed heavily to the experience of 
the auditors. This was found for example in the case of the multi purpose building at the 
University of Stuttgart. There an energy assessment took place in January 2005. Since than 
consumption data were measured, but no ongoing commissioning took place 
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Figure 6: Heating energy savings at the multipurpose building of the University of Stuttgart after 
assessment in January 2005 

2. The installation of the monitoring system  based on the minimal data set including 
visualisation software to allow intelligent metering and make the influences of the users 
behaviour more transparent. Here we identified savings up to 20% due to increasing the 
efficiency of the operation of the HVAC systems and adapting the consumption to the demand 
which corresponded to the user behavior. This could be seen at all the buildings which were 
equipped with building automation systems but with a lack of energy related data. Samples are 
given in the following Table 

Building Saving 

Ministry of Economic Affairs and Energy of the State of North 
Rhine-Westphalia 

Total energy cost 12% 

ThyssenKrupp Real Estate, Kreuzgebäude,  Total energy cost 14% 

Politecnico di Milano – Building 15 - BEST Department Heating and Ventilation 16% 

Politecnico di Milano – Building 22 – Lecture Hall Heating and Ventilation 19% 

Politecnico di Milano – Building 23 – Electronics Department Heating and Ventilation 28% 

Table 3: Energy savings in demonstration buildings due to energy monitoring 



Building EQ – Guidelines 

           Page 16 

 

Table 4: Samples of cost-benefit analyses for implementation of energy monitoring systems in 
Demonstration Buildings 

3. The ongoing commissioning  phase including rule and model based monitoring which allow a 
continuous benchmarking of the actual consumptions based on mostly automated procedures. 
Here we identified yearly savings up to 10% due to avoiding wastes and inefficiency of the 
operation of the HVAC systems and adapting the consumption to the demand which which 
corresponded to the user behavior. Unfortunately these savings can not be demonstrated as 
long as the building is well operated. Therefor only comparisons of measured and calculated 
data can be given. As an example we give results from the Senate Headquater building. 

 

Figure 7: Comparison of heating energy consumption with RIUSKA calculations for 
the Senate Headquater building 

The consumption was simulated to the building by using spatial 3D model of the building and 
hourly dynamic simulation. This target has been used by the self-reporting building system to 
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manage the energy performance. The picture of the 5 last years heating consumption shows that 
energy consumption has been well according to the target from year 2007, when the level of 
consumption was decreased by 30% after adjustments to the system operation. This is very similar 
to the experiences with ongoing commissioning at the multipurpose building of the university of 
Stuttgart reported in Figure 6. 

3.3. Findings related to the four step procedure 
Basis of our approach is the four step procedure described in section 2.2.2. The experiences made 
in applying this procedure to the demonstration buildings will be described in this chapter. We start 
however with some general conclusions  

3.3.1. General conclusions of BuildingEQ 
Currently, the link between EPBD and ongoing commissioning is weak. This seems primarily due 
to the diversity of different national implementations which make a common approach on European 
level difficult and due to missing reference values for benchmarking and standards for 
interoperability. 

To deal with this Building EQ developed a general approach and a tool that is able to: 

·  Handle data and meta data 

·  Do predefined visualization and based on this manual fault detection 

·  Do model based analysis in the sense described in the tool report. 

The tools available can be grouped according to the 4 step approach: 

·  Step1 Operational Rating  
Tools are needed to gather basic consumption and stock data and to perform an 
operational rating. From this one should derive a first classification / baseline of the 
building performance. This can be done manually using simple Excel sheets.  

·  Step 2 Asset Rating  
Tools are needed to calculate theoretical target values for consumption. The tools 
should be based on a 3D building and a system model (BIM). It should support to 
identify saving potentials and to evaluate energy conserving measures. The tool could 
be based on monthly calculations but allow also to consider individual usage 
(calibrated building energy simulation - BES – model). This will allow a detailed model 
based analysis of the building behavior and to identify major energy conserving 
measures. Some national implementations but also the European Tool allows such 
analyses. 

·  Step 3 FDD and Optimization  
Tools are needed to visualize data of the minimal data set with various time 
resolutions and in different contexts. Such tools are available on a national basis but 
also in the frame of the European toolset. The European toolset is an open software 
thus national visualization tools might be added but also some modules from the 
toolset can be integrated into national tools. This was exercised successfully by 
ennovatis and Granlund. In addition tools are needed to simulate selected components 
and for a refinement of the baseline. This will allow to identify energy saving measures 
specific for ongoing commissioning (FDD and Optimisation). These tools should allow 
at least a hourly time resolution. The predicted values should be calibrated against 
measured data. Depending from the complexity of the system this could require an 
enlargement of the minimal Data set. Finally the tools should allow to calculate and 
document the energy savings and to compare measured (consumption) and calculated 
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(asset based target) data. Our experiences show that the European Tool has the 
potential to give the required support to all of this questions. 

·  Step 4 Regular Inspection   
Tools are needed to support an ongoing monitoring to maintain an efficient operation. 
The situation is now characterized by a system which is operated almost at its 
optimum. Therefore no major errors occur and any indications of wastes and 
inefficiencies should be detected as early as possible. This requires as much as 
possible rule and model based technologies. Also targets have to be determined on a 
short term basis and with high time resolution. None of the tools is able to solve this 
problem on a satisfactory way yet. But our findings in the project support the hope, that 
solutions are possible here too. This however will require additional research. 

At the time being we can state  

·  Benchmarking seems to be not appropriate for ongoing commissioning in buildings as 
the ones considered in Building EQ. Here individual factors like utilization profiles or 
technical equipment can hardly be standardized. 

·  The minimal data set is able top reveal the most typical errors such as: deficient 
operation schedules, deficient heating/cooling curves, not adjusted operation of 
components or oversizing.  

·  We can use the EPBD geometry model to calculate both energy demand and energy 
consumption 

·  We can derive from measured consumption data (water and electricity) valuable 
information to determine the internal loads 

·  We still have to improve the profiles for the consumption simulation 

·  We expect to be able to predict the energy consumption with an accuracy of 5% or 
better on a monthly basis, and 10% on a daily basis 

·  Measures to improve energy efficiency can be derived from the hourly data. They 
should be applied if discrepancies become more than 5% 

·  We also will be able to derive rules (but not in the present project anymore) for 
modeling of buildings and building systems to support the 5% accuracy 

·  And we will be able to derive rules for automated inspection (fault detection and 
diagnosis) of the minimal data set 

Energy saving potentials could be identified by monitoring and the connected ongoing commis-
sioning in most of the demonstration buildings with cost benefit ranges from 1-3 years.  

Many barriers (technical, administrational, security) were identified for the introduction of an 
ongoing commissioning process. However most building owners generally appreciate the approach 
even if buildings (and building automation systems - BAS) were not designed and/or prepared for 
evaluation of energetic building performance 

As a consequenc we state  

·  Ongoing monitoring appears as an indispensible part of an energy efficient building 
operation – its cost benefit has to be further demonstrated. 

·  The analysis routines must be automated in order to be used in practice and 

·  EPBD should be amended with a mandatory basic ongoing commissioning/monitoring 
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3.3.2. Step 1 - operational rating 
For non-residential buildings appropriate reference values for benchmarking / operational rating 
are missing in almost all member states. Also if values exist they tend to be specific and strongly 
dependend from the situation they weree collected. Factors which influence benchmark values 
mostly seem to include 

·  Year of construction 

·  Actual utilization 

·  State and operation of the systems 

Samples of different values were given in part 1of this report. As an example some values from 
German sources are shown here:  

o “VDI  3807- Characteristic values of energy consumption in buildings – heating 
and electricity”, Verein Deutscher Ingenieure, 1998 

o “Verbrauchskennwerte 2005” (Specific values of consumption 2005), ages 
GmbH Münster, 2007 

o “Benchmarks für die Effizienz von Nichtwohngebäuden” (Benchmarks for 
efficiency of non-residential building), ARGE Benchmark, 2007 

o “Datenbank zu Energieverbrauchkennwerten von Gebäuden des Bundes, der 
Länder und Kommunen” (Database of specific values of energy consumption of 
buildings of the state), Institut der Erhaltung und Modernisierung von 
Bauwerken e.V. (IEMB), by order of Bundesministerium für Verkehr, Bau und 
Stadtentwicklung, August 2006 

 

Figure 8: Benchmarking Heating Consumption 

The figure shows: 

o The reference values show a big variation. Therefore it’s not possible to make an 
explicit benchmark of the energy consumption of the building. Depending of the 
source of the reference value different conclusions regarding the energy 
consumption can be drawn.  

o This is caused by a general lack of detailed reference values for the energy 
consumption of non-residential buildings (in Germany and most other MS). 
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Similar situtions occur for electricity and water consumption 

From this we concluded that reference values should fulfill the following requirements: 

·  Reference values (useful energy) must refer to zones/areas with different utilization. The 
reference value for the building can than be calculated as area weighted mean of the 
different zones 

·  Reference values (end energy) have to take generators into account  
(different characteristics e.g. if gas is used for gas boiler or CHPU. District Heat for space 
heating or absorption chiller! ) 

·  Weather correction and correction for DHW (or any other heat cold use other than space 
heating /cooling) has to be described 

·  Tenant’s energy consumption must be handled consistently 

An adequate data base can only be established over time. EPBD can contribute by strengthening 
the installation of smart meters and requesting the reporting of energy consumption for non-
residential buildings too. 

 

3.3.3. Step 2 - asset rating 
Due to the difficulties in getting reliable benchmark values for non-residetial buildings we have to 
rely on calculational methods for determining the energy demand for heating, cooling, air 
conditioning, lighting and DHW. In Building EQ we have learned that during certification it is hard to 
get such values due to the great variety of utilization profiles which hardly can be concentrated into 
a limited number of norm profiles. Also it is the primary aim of the certification process to compare 
buildings and not to deliver a target value for the real consumption. However, it would be good to 
have a calculation method that can perfrom both targets in order to reduce the effort during the 
planning phase and to integrate the certification more into the planning process respectively. 
Fortunately this can be achieved by applying the option individual calculation which allows to 
combine the modelling of the certification process with individual utilisation profiles.  

We also experienced that the national implementations in the different member states are very 
divers. Also the kind and amount of the data collected during the certification process is very 
different from country to country. Thus no common set of information is available. In Building EQ 
we therefore developed our own tool (see tool report). The method implemented is able to 
generate a target value for the energy consumption. It can model quite complex systems and is 
based on data that has to be collected anyway for the certification (asset rating) during planning or 
major renovation. It also can be used for simple optimization tasks (scheduling, set points) 
However its application is quite complex and can only done by experts also the user Interface 
could be improved. 

Nevertheless we feel asset rating is a valuable tool if it is integrated in the planning process for 
both new building and building renovation. It allows not only to understand and evaluate building 
and system behaviour but also allows to compare different energy conserving methods and to 
determine performance goals for operation. For the time being this however requires considerable 
efforts beyond the standard application of the EPBD. 

 

3.3.4. Step 3 - manual fault detection – data visua lization 
To support the operators and energy managers in detecting operational faults we developed a set 
of tools and rules for application. The basic idea is: 
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·  Record minimal data set that is needed to analyze operation of the buildings 

·  Develop standard data visualization that reveals „operation patterns“ 

·  Give rules for interpretation of visualization 

Following this idea visualization is evaluated as a valuable tool for fault detection and diagnosis. 
We therefore developed a tool to support this procedure. The tool allows an automated generation 
of standard plots for 

·  Energy and water consumption 

·  Heating and cooling circuits 

·  Air Handling Units (AHUs) 

·  Indoor climate 

It also supports this procedure by proposing unified point names as key for automated generation 
of plots. At this stage all plots have to be interpreted manually.  

Typical faults in operation were detected in the demonstration buildings. They include: 

·  Deficient operation schedules  

·  Deficient set backs,  heating/cooling curves 

·  unadjusted operation of different components 

·  Simultaneous heating and cooling 

·  Oversized components 

As shown in Table 4 saving potentials in demonstration buildings were in the order of 10-20% 
(simple pay back between 1-3 years). Therefor we concluded that a minimal amount of mandatory 
monitoring is useful to assure a fault free operation. We propose to request this as amendment to 
EPBD 

 

3.3.5. Step 4 regular inspection through monitoring  – outlier 
detection 

During this step we assume an optimal operation of the systems. Most consumption data will 
therefore be in the expected limits. Nevertheless visualization will to detect outliers. However to 
find the data to look at becomes now an unsatisfactory work. Here automatic selection of curves to 
look at should be anticipated. We have learned in BuildingEQ that: 

·  Daytyping is a necessary prerequisite to do this. We can identify daily energy consumption 
profiles. However sufficient amount of training data (without bigger changes in operation) 
has to be available (> 5 months). With such help we are able to detect days with “unusual” 
consumption. However further development is necessary, to make algorithm more stable 

·  Automation requires as much as possible rule and model based technologies. Also targets 
have to be determined on a short term basis and with high time resolution. None of the 
tools is able to solve this problem on a satisfactory way yet.  
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4. Future Development of EPBD  

4.1. About EPBD recast 
The following text is adopted from the eceee website3 and gives a general overview over the EPBD 
recast: 

In November 2008, the Commission adopted the proposal for a recast of the Energy Performance 
of Buildings Directive. Throughout 2009, the proposal has been going through the approval 
process of the European Parliament and Council. The recast proposal confirms the importance of 
effective implementation at the Member State level, the importance of Community-wide co-
operation and the strong long-term commitment and role of the Commission itself to support such 
effective implementation. 

As the November 2008 Commission Communication states, buildings have significant untapped 
potential for cost effective energy savings “which, if realized, would mean that in 2020 the EU will 
consume 11 % less final energy”. The magnitude of the potential savings is such that every effort 
must be made to achieve it. 

In April 2009, the European Parliament approved a series of amendments to the Commission 
proposal. Under the Swedish Presidency, starting in July 2009, Council has been developing its 
position on the recast proposal. 

Trialogues – meetings between the Parliament, Council and Commission – started in September 
2009 to negotiate an agreement. On November 17th, a political agreement was achieved. 

Major Highlights of the Political Agreement include: 

 

·  As of 31 December 2020 new buildings in the EU will have to consume 'nearly zero' energy 
and the energy will be 'to a very large extent'  from renewable sources. 

·  Public authorities that own or occupy a new building should set an  example by building, 
buying or renting  such 'nearly zero energy building' as of 31 December 2018. 

·  The definition of very low energy building was agreed to: "nearly zero energy building 
means a building that has a very high energy performance, determined in accordance with 
Annex I. The nearly zero or very low amount of energy required should to a very significant 
level be covered by energy from renewable source, including renewable energy produced 
on-site or nearby" 

·  There is no specific target be set for the renovation of  existing building, but Member States 
shall following the leading example of the public sector by developing  policies and take 
measures such as targets in order to stimulate the transformation of buildings that are 
refurbished into very low energy buildings, and inform the Commission thereof in their 
national plans referred to in paragraph 1. 

·  The 1000m2 threshold for major renovation has been deleted and this will take effect when 
the national regulations have been implemented and applied, probably at the beginning of 
2014. 

·  Minimum requirements for components are introduced for all replacements and 
renovations, although for major renovations, the holistic calculation methodology is the 
preferred method with performance calculations based on component requirements 

                                                
3 http://www.eceee.org/buildings/EPBD_Recast/ 
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allowed as a complement or alternatively 

·  A harmonised calculation methodology to push-up MS  minimum energy performance 
requirements towards a cost-optimal level is set out in the Directive in a definition and an 
annex, and will also be refined in a comitology process,. MS will have to justify to the COM 
if the gap between current requirements and cost optimal requirements is more than 15 % 

·  A more detailed and rigorous procedure for issuing energy performance certificates will be 
required in MS. 

·  Control systems will be required by MS to check the correctness of performance 
certification. 

·  MS will be required to introduce penalties for non-compliance. Member States shall lay 
down the rules on penalties applicable to infringements of the national provisions adopted 
pursuant to this Directive and shall take all measures necessary to ensure that they are 
implemented. The penalties provided for must be effective, proportionate and dissuasive. 
Member States shall communicate those provisions to the Commission. 

 

Furthermore (what is not mentioned in the text of the eceee), according to article 8 2.a the MS 
“shall encourage the introduction of intelligent metering systems whenever a building is 
constructed or undergoes major renovation”. 

First of all Building EQ underlines the fact that the economic saving potential especially in the 
building stock is at least 10-20%. This applies to the energy saving potential during the operation of 
large existing non residential buildings. This was reported in detail in the first part of this report and 
is partly repeated in chapter 3. 

Furthermore, that aim to have a common and harmonized calculation method is can also be 
confirmed by the findings of Building EQ  

However, while the short term and especially long term aim for new buildings are set (“nearly zero 
energy”). There’s no specific definition for the building stock. Althouh smart or intelligent metering 
is mentioned, it only refers to the electricity consumption and is not in any way connected to an 
overall quality assurace process like ongoing commissioning. 

Looking at the recast, it seems that the Directive is still very much concentrated on the “hardware” 
of new constructions and major renovations. It is setting requirements for the quality of contructions 
and technical components but neglecting the potentials that exist in the operation phase of a 
building. 

That the operation phase is neglected is one of the major drawbacks of the EPBD. Performance 
certification and assessment of operation (or ongoing commissioning) have different aims and 
therefore different views on a building: 

·  Performance certification is a general approach that tries to make buildings comparable. 
The idea of the EPBD or performance certification is to make the energetic quality of 
buildings comparable. For the purpose of the certification it is not favorable to take the real 
utilization of the building (e.g. real occupancy and operation schedules) into account 
because this would make a comparison of the performance almost impossible. Therefore, 
standardized refernce values (operational rating) or standardized utilization profiles for 
different utilizations  such as offices, canteens, libraries, etc. (asset rating) are defined. 
Thereby, the EPBD is setting the requiremets for the quality of the “hardware” of a building 
but is not considering the quality of the operation. 
The calculation methods used are especially designed for the certification. 

·  Ongoing commissioning (or assessment of operation) is an individual approach that tries to 
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identify potentials for saving or improvements in a specific building. 
The assessment of the building operation requires a close look at the real boundary 
conditions of the specific building. Therefore an ongoing monitoring is crucial. However, the 
results will be very individual and not be suited to compare different buildings. Different 
calculation methods can be used for assessment of monitoring. However, the results from 
Building EQ shows that the calculation methods of the EPBD certification are not well suited 
for that pupose. 

In order to have a closer link between performance certification and assessment of real 
performance the Building EQ team sees the following possibilities: 

·  New constructions and major renovations: 

o Im most Member States an asset rating has to be performed for new buildings and 
major renovations. One major drawback of these is that the calculation methods are 
not really integrated in the normal planning process. According to our experience, 
most plannerds regard the certification as a burden because it is an extra effort that 
has to be done without any added value for the planning. That is: none of the results 
can be directly used for the design calulations an engineer has to do anyway. 

o Therefore a crucial point is the calculation method. If the calculation method would 
be able to deliver both: a performance certificate (derived from standard boundary 
conditions) and the typical design values e.g. for heating and cooling power or a 
study on indoor climate (derived from individual boundary conditions) would be a 
major improvement. 
The Building EQ team therefore proposes to provide a common simulation kernel an 
the European level. This kernel should be able to perform dynamic simulations (at 
least with an hourly timestep) of the building and the systems. Every MS can define 
country specific biuindary conditions which have to be used for the certification. On 
the other habd the design engineer should be able to do normal design calculations. 

o Furthermore, the customized simulation model can be used for assessment of the 
real building operation or ongoing commissioning, respectively. In orde to do this the 
EPBD should prescribe a basic level of ongoing commissioning, inclusing a basic 
level of ongoing monitoring as mandatory. 
This is essential for the persistence of energy efficient performance. 

·  Existing buildings 

o For existing buildings most MS allows operational ratings. Consequently, detailed 
calculations are not performed.  
However, as Building EQ demonstrated the saving potential that can be identified 
without a calculation model is still about 10.20%. 

o Therefore the Building EQ team proposes to introduce a mandatory ongoing 
commissioning including a basic ongoing monitoring for exsiting buildings.  

 

4.2. Comments on selected articles of the EPBD reca st 
 

This chapter summarized the comments from the Buiilding EQ team concerning the selected articles of the 
EPBD recast. We are referring to the “Interinstitutional File: 2008/0223 (COD)” from 18th November 2009. 

Article 3: Adoption of a methodology of calculation of the energy performance of buildings 

Building EQ stresses also the necessity for a common approach an a European Level. 
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Art. 4 . Setting of minimum energy performance requirements 
(2) The Commission will develop a comparative methodology and Member States will have to use it 
for comparison purposes only and shall report the results 
 
Building EQ findings and results 
Building EQ identified two ways to set minimum performance requirements for existing buildings 
without major renovations 

·  Buildings without major changes in utilisation – compare measured consumption data to 
those  after most recent commissioning (ongoing commissioning on the basis of measured 
data) and use intelligent metering to identify wastes and inefficiencies 

·  Buildings with major changes in utilisation – compare measured consumption data to those  
of an individual calculation with an appropriate EPBD tool (ongoing commissioning on the 
basis of asset data) and use intelligent metering to identify wastes and inefficiencies 

 

Art. 5 . Calculation of cost-optimal levels of minimum energy performance requirements 
The abovementioned comparative methodology would consist of a calculation methodology 
developed by the Commission which would take cost-optimal criteria into account by 
variables (such as investment costs, operating and maintenance costs, incl. energy costs). 
 
Building EQ findings and results 
During Building EQ we have developed a calculation methology to perform asset calculations 
according to the rules of the EPBD. This tool allows to consider single and multi zone models as 
well as to investigate variants. Based on this tool various comparisons of the variants can be 
performed. This includes cost-optimal criteria provided cost data are available 
 
Art. 8. Technical building systems in existing buildings 
Requirements are included for Member States to set up minimum energy performance requirements 
for the installation of new or the replacement of existing technical building systems, or their major 
retrofit. These should be consistent with the legislation applicable to the products which compose 
this system, and be based on a proper installation of the system’s components and their appropriate 
adjustment and sizing. This aims at ensuring better efficiency of whole systems. This is needed 
because if the individual elements of a system are very efficient, if they are not well installed or 
adjusted, the efficiency of the entire system may not be high. 
 
Building EQ findings and results 
The findings of Building EQ are in full agreement of Art. 8. As a matter of fact these are exactly 
the arguments while we feel ongoing commissioning should become mandatory. We also 
propose that the efforts shoud be adjusted to the energy savings due to ongoing commissioning 
which amount to about 5% to 10% of the total energy costs 
 

Art. 11. Issuing of energy performance certificates 
The requirements related to the provision of the certificate are reformulated to ensure that the 
certificates are provided every time there is a property transaction and the prospective buyer 
or tenant is informed of the energy performance of the building (or its parts) at an early stage 
(i.e. in the sale/rent announcements). 
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Building EQ findings and results 
The type of buildings considered in Building EQ has usually non standadized technical equipment 
and usage patterns. Thus neither benchmarking nor standardized asset calclations give satisfactory 
results. Rather it seems to be necessary to take into account the individual conditions. This can be 
done either by collecting consumption data of several years with ongoing commissioning or by 
doing individual calculations.  
 

Annex I 
It is important that an estimation of the 'real' impact of the building's operation on the total energy 
consumption and on the environment is made and therefore a primary energy indicator and CO2 

emissions indicator shall be used. The annual energy performance data shall be used for the 
assessment so that the importance of the different energy uses throughout the year is emphasised 
and the cooling demand is better incorporated. 
Building EQ findings and results 
Again this corresponds to the major results of Building EQ which let us to propose to introduce 
ongoing commissioning everywhere. We also propose to do this in a costeffective way. Checking 
yearly data is a minimum requirement. But most of the buildings considered in Building EQ justify a 
monthly or even dayly commissioning at least of certain parameters. The dayly commissioning 
however should be done automatically. At present rule based systems have the most potential for 
successful implementation.  

 

4.3. Further developments of EPBD to support ongoin g 
commissioning 

The following theses are for non-residential buildings primarily. They are derived from the 
experiences made during the Building EQ project but include experiences from other projects too 

4.3.1. Where EPBD can support ongoing commissioning  
The EPBD can support ongoing commissioning in the following ways: 

·  Increased awareness of buildings owners  
The certification requested by the EPBD will help to make building owners aware of the 
energetic performance of their building. 

·  Increased understanding of building behavior  
The certification process according to the EPBD will help to make building engineers aware 
of the energetic performance of the building under certification. A prerequisite is that the 
national implementation allows a comprehensive asset rating. 

·  Operational rating 
Operational ratings are based on the actual energy consumption of the building and can 
therefore provide a first classification and a baseline for the annual energy consumption. In 
fact, operational ratings can be seen as a simple benchmarking. However, in most countries 
benchmarking values for many building categories are missing or are not specific enough. 

·  Asset ratings  
Asset ratings requires a quite detailed model of the building (envelope as well as systems). 
Once these data is available it can be utilized in different ways. Firstly, a target value for the 
energy consumption of the building can be calculated. Furthermore, the major energy 
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consumers in the building or system respectively can be identified. The model can also be 
used for parametric studies in order to identify major saving potentials. 

·  Definition of general target values for ongoing com missioning  
Even simple benchmarking of a building over several years can help to get some 
information about building behavior. It is even better to perform asset calculations. Here 
however a possibility to calibrate the calculations is necessary. 

·  BIM based modeling of building  
There are at least three downstream advantages arising from the use of calibrated energy 
simulation models based on a 3D building information model (BIM) during the operation 
stage of the building life cycle. Details can be found in 2 thesis’s performed from our 
associate partners at the university of York (O’Donnel and Raftery) 

1.  Continuity and consistent predictions  
The first important advantage is that, thanks to the available data streams and energy 
simulation models, it will be possible to explicitly tie the design intent to the energy 
performance of the real building. With a model-based assessment it will be possible to 
measure the same metrics during both design and operation and compare predicted to 
measured performance. This will in turn improve the design quality of new buildings as 
they will be more performance oriented.  

2. Support energy managers 
A calibrated energy simulation model represents a live, ideal building specific energy 
benchmark for a given building during its operation. This will be a significant advantage 
for energy managers in monitoring the energy consumption of their buildings.  

3.  Enhancement of the operation strategy 
The third advantage will be to facilitate the testing of different operation strategies in the 
model virtual environment analyzing the influence of each change in operation strategy 
on both the energy consumption and the occupant comfort. In this manner, a more 
accurate selection of the most efficient operation strategy for a given level of comfort is 
possible 

The multi zone model of the EPBD is a first realization of such a BIM. More advanced 
models are available in the frame of the IAI BuildingSmart Project 
http://www.buildingsmart.com 

·  Variable time resolution for intelligent visualizat ion  
To extract information from data requires flexible visualization data. It should be possible to 
visualize data in different contexts and with different time solutions. There are packages 
available which provide such services. Also the European Toolkit provides excellent tools, 
which could be made available all over Europe.  

·  Calibrated calculations to define specific target v alues for ongoing commissioning  
The development of calibrated building energy simulation models involves a process of 
using genuine as-built information, surveys and measured data to update the input 
parameters of the initial simulation model so that it closely represents the real operation of 
the building. This process confirms the analyst’s knowledge of the building and often brings 
to light opportunities for energy savings that had heretofore gone unnoticed. A method to 
calibrate building energy simulation models is under development at the university of York 
(Raftery). As shown in the BuildingEQ project calibrated models based on individual 
calculations preferably on an hourly basis can be developed successfully on the basis of 
EPBD models too. 

·  Collection of rules for the automatic evaluation of  monitoring data 

Buildings and building Systems as the ones investigated in BuildingEQ are complex technical 
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systems. Rules 

·  for the holistic evaluation of building behavior,  

·  for developing optimal operation strategies and 

·  for automatic Fault detection and diagnosis  

should be collected from the literature and practical experiences. They should be 
systemized and formulated in a way the can be fired automatically to the data collected 
during ongoing commissioning 

During building certification those rules applicable to the building under consideration should 
be selected and added to the analysis part of the monitoring system. This however was not 
the subject of Building EQ and should be subject of a new project. However the the energy 
conserving measures described in chap. 6 give a good starting point 

 

4.3.2. Developing EPBD towards ongoing commissionin g 
·  Install measuring concept based on minimal data set  

The EU promotes smart metering. This could be the basis to install a measuring concept 
based on minimal data set  

·  Promote BIM based modeling of buildings  
Building Information models (BIM) are a way to accompany a building during its whole life 
cycle. The EPBD supports a multi zone approach which is best realized by starting from a 
3D modeling of buildings. This could be a good reason to install a BIM and use it in various 
stages af the building for energy assessment and optimisation 

·  Improve modeling with higher time resolution 
The BIM approach should be accompanied by a improvement of time modeling. The use of 
the CEN standard allows such an approach. The European Toolkit offers a first 
implementation. This should be further improved and recommended as an European 
standard tool 

·  Establish workflows to install BEM and ongoing comm issioning  
Experiences how to install building energy management (BEM) systems and to perform 
ongoing commissioning are available at various installations and in most countries. To 
collect this information and to make it available in a standardized way helps to avoid errors 
and makes it more cost-effective to apply ongoing commissioning. A first set of steps will 
be presented in part 2 of this report. It was developed in another international project under 
strong participation of the partners Granlund and ennovatis.  

·  Establish checklist for most efficient energy conse rving methods 
Experiences on the most effective energy conserving methods are available at various 
installations and in most countries. To collect this information and to make it available in a 
standardized way helps to avoid errors and makes it more cost-effective to apply energy 
assessment and ongoing commissioning. A first collection of measures will be presented in 
part 2 of this report. It includes experiences of all BuildingEQ participants and their 
research partners from many years of research and practical work and was partly 
confirmed in this project.  
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5. From certification to ongoing commissioning – pr actical 
experiences derived from the demonstration projects  

Basis of ongoing commissioning is a deep under standing of the building, the building behaviour 
and the building utilisation. A good starting point to develop such an under standing is the 
certification according to the rules of EPBD. Based on this one can determine the most energy 
efficient HVAC equipment and how to operate new or existing systems with a minimum of wastees 
and inefficiencies.  

Through such an under standing one can start to compare consumption data with goals derived 
from asset calculations. This is done in the frame o fan Energy assessment. Three levels  (Sep 1 
to step 3 in Figure 5 and Table 1 ) are commonly considered. 

During Level I (Step 1, benchmarking) we compare yearly data only. Asset Calculations will be 
very simple and could even be averages from comparable buildings which are operated efficiently 
already. 

During Level II (Step 2, auditing) we compare monthly data. Asset calculations can be done using 
EPBD implementations but using individual utilisation and operation profiles. 

During Level III (Step 3, analysing) we perform at least hourly calculations and consider selected 
components of the HVAC systems with detailed modelling. 

During Level IV (Step 4, ongoing commissioning) we reduce measurements preferably to those 
data descrive in the minimal data set. Also the comparison of measured data and theoretical goals 
should be on an automatic way, to allow the maintenance personel to concentrate on errornous. 
Developments. It is important to remember here that ongoing commissioning could be started after 
each od the previous steps immediately. Here too a pracmatic approach is recommended.  

The assessment as considered in this project is limited to existing buildings, sites, and objects and 
concentrate sto buildings similar to the demonstration buildings. In tese cases an energy 
assessment is carried out by a team of experts who have sufficient knowledge about and 
experience with energy usage in buildings. The assessment consists of the phases of work shown 
in Figure 11.  

COLLECTING COLLECTING 
BASIC DATABASIC DATA

FIELD WORK FIELD WORK 

ANALYSIS ANALYSIS 
OF THE DATA OF THE DATA 

REPORTING REPORTING 

START-UP MEETING START-UP MEETING 

IMPLEMENTATION OFIMPLEMENTATION OF
SAVING MEASURES SAVING MEASURES �

Figure 9: Phases of an energy assessment. 
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This figure as well as large parts of the texts of this chapter was taken from the Annex 46, Energy 
and Process Assessment Protocol for Buildings and Building Sites (see /1/ ). Granlund and 
ennovatis have contributed to the writing of this report and included the experiences from the 
Building EQ project.  

Of Course the findings reported here can be applied for other buildings too. However they have to 
be aduste in a way that Energy savings and costs of Energy assessment and ongoing 
commissioning are in a reasonable relation. 

5.1. Operating an Energy Assessment Scheme 
In this chapter, the “energy assessment scheme” means the procedure by which the owner or 
operator of a large building stock has the various sites analyzed according to a systematic 
procedure over a period of several years. 

The scheme has certain goals, maybe a fixed time frame, some resources for the administration, 
and a monitoring system for keeping track of the results that have been achieved. The operator of 
the scheme usually has some kind of guidelines to get a tender, including a fixed assessment cost, 
and uniform quality from the assessment teams (e.g., content of the assessment, reporting). 

5.1.1. Goals of the scheme 
Goals for an energy assessment scheme are usually given as amount of buildings or building 
volumes to be assessed annually in the sectors (e.g. building types) defined as target sectors of 
the assessment. Parallel to the volumes, the goals should also determine the intended effects (like 
energy savings) to be achieved by an energy assessment. A smaller volume of more detailed 
energy assessments might bring in better savings than a very light walk-through-type energy 
assessment model in large number of assessments of buildings.  

The set goals have a strong effect to total expenditure of the scheme, and to the human resources 
needed to both implement the assessments and to coordinate the activity.  

The main goal of the energy assessments is to 

·  Analyze the energy-using systems of buildings or sites and to point out energy-saving 
opportunities that are technical or behavioral 

·  Indicate for each energy-saving measure the energy and cost saving, required investment, and 
direct payback time 

If the scope is on quick short-term payback measures, the following should also be defined: 

·  To identify inefficiencies / low cost / easy-fix things 
·  To train O&M staff in energy efficiency issues and / or long-term planning 
·  To investigate energy-saving opportunities with a longer payback time 
·  To point out future needs for improvements, renewal 
·  To add energy efficiency improvements into renovation projects 

 

5.1.2. Administration 
An energy assessment scheme includes several tasks and responsibilities that can be connected 
to four different parties—the four key players. Two out of these key players are self-evident. The 
auditor is needed to do the auditing work, and the client is needed to order it. The client (or clients) 
will be defined when the targets of the assessment scheme are agreed upon. 
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The other two players are called the administrator and the operating agent. Without the 
administrator there is no scheme, as the whole set-up is expected to be initiated by a government 
level body. The fourth player, the operating agent, is responsible for running the energy 
assessment activity in practice. Normally, the operating agent is a neutral organization working 
under the supervision of the administrator.  

An energy assessment scheme has several operational activities—financing, reporting, monitoring, 
supervision (guidance) and marketing —as well as concrete objects such as databases and help-
desk services that need to be maintained somewhere. By using the four key players as the basic 
operators responsible for the specified tasks, the program developer can plan the structure of the 
administration for the program. Although there will be a lot of detail planning to be carried out later, 
developing the first general picture at an early stage is essential. 

5.1.3. Budgeting and scheduling 
The administrator of the energy assessment scheme should plan 18–24 months ahead what sites 
will be audited and when. The budget frame can be rough at first in the long-term plan (2- to 5-year 
perspective), and it will become more accurate for the following year (12-month perspective). 

The sites to be assessed should be agreed upon well before the budget deadline to define what 
special features there are and what kind of special expertise may be needed from the assessment 
team. 

The sites may be selected based on rough benchmarking (e.g., high specific consumption per floor 
area), high overall energy cost, or the size of site. 

At this stage it is also useful to decide (give answers to the following questions): 

·  What is the main target of the energy assessment on each site 
 
o To find easy savings (“cream skimming”)? 
o To define all saving possibilities (comprehensive assessment)? 
o To identify possible areas for further assessments (first step)? 

 
·  What is the scope of work on site 

 
o Whole site with several buildings or just certain building types? 
o A specific area of energy use (e.g., electricity) or system (e.g., steam, compressed air)? 

Choosing cream skimming leads to a quick walk-through type of assessment and lower costs; a 
comprehensive assessment on all buildings is much more expensive. Concentrating on some 
specific energy-using systems may produce good savings but neglect energy waste in other 
systems. Different types of assessments produce different results; this should be kept in mind 
when budgeting. 

During the budgeting and scheduling process it is also necessary to think about when the 
assessment on site will take place. The general rule for this i 

·  During the heating season if the main energy cost is in heating 
·  During the cooling season if the main energy use is in summer 

In the Nordic climate, heating is usually more important and energy assessments should be done 
when the outdoor temperature is below 5ºC. Measuring temperatures or boiler efficiencies in 
summer does not give a clear picture of the heating system’s operation in actual heating 
conditions.  
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In the scheduling there are also other issues to consider: the site operation should be quite normal, 
there should not be any renovation or major maintenance works ongoing, and all key persons 
should be available when the auditors are on site. 

5.1.4. Monitoring of the energy assessment scheme 
All energy assessment schemes have some level of monitoring, although the level the monitoring 
implemented can vary a lot. Development and operation of a monitoring system can form the 
second-highest area of expenditure of the program. On the other hand, if there is no information 
available about the results, it will be difficult to justify the existence of the program in the long run. 
A monitoring system in this sense can be a vital element of the program. 

The planning and development of a monitoring system is a long process and should therefore be 
started at an early stage of the program. The data available for monitoring is mainly the data found 
in the energy assessment reports. The more heterogeneous the reporting is, the more laborious or 
difficult the monitoring becomes; therefore, guidelines for reporting at every level are needed, and 
good report templates and summary tables are recommended. 

Monitoring of the energy assessment scheme is necessary to prove it has been effective. The 
financier will want to know exactly what comes out of the money and resources allocated to the 
activity.  

Monitoring and evaluation are essential elements in an energy auditing activity to provide 
information about the impact of the activity. There are different types of monitoring, and each type 
will produce information that is useful for certain purposes. It is essential to design the monitoring 
system at the same time as the other characteristics of the program. The monitoring system must 
be up and running from day one of the program should it produce the desired effect. 

Before establishing a monitoring system, it is important to carefully consider what kind of data 
should be collected, that is, what kind of data is needed to compile the information for the public 
authorities spending public money on the program. To a large extent, their demands will determine 
the data needed.  

Even if the aim is to run a very limited energy assessment program with a small budget, it is 
necessary to take into account future developments. Therefore, a simple database should always 
be established where essential information about the sites and the assessments can be saved and 
used to make energy statistics. Furthermore, the database should be flexible and allow for 
extensions. 

A good monitoring system will produce reliable data for clients, auditors, administrators, and 
media. The data can also be used in preparing annual reports on the energy assessment scheme 
and for budgeting. 

The data from the monitoring system could include 

·  Audited buildings and volumes 
·  Saving potentials in assessment reports 
·  Implemented saving measures 
·  Typical saving measures 

The monitoring data can also be used for benchmarking energy use such as the identification of 
typical saving measures in a certain building type. 
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5.1.5. Quality control 
The final aim of an energy assessment is to save money and reduce greenhouse gas emissions. 
To make this happen, the auditors must be able to do good energy assessments and produce 
reports that provide the client with adequate information for the implementation of the measures. 

It is in the interest of the operator of the energy assessment scheme to make sure that the quality 
of the assessments is satisfactory. There are different ways to do this: train and authorize the 
experts who do the work, give them guidelines on how to do the work possibly complemented with 
some common software, or to check the reports based on a fixed set of criteria. 

The guidelines should include clearly defined requirements for the auditors (experience), their tools 
(measuring equipment, calculation tools), and for the actual content of the work on site and for 
reporting (table of content, etc.). 

The quality check is needed to make sure that 

·  The general guidelines have been followed 
·  The presented numbers are realistic 
·  Saving potential is compared to present consumption level 
·  Investment costs are included for suggested measure 
·  The content of the report is technically correct 
·  The proposed measures are appropriate and realistic 
·  The report “looks OK” 

5.2. The Different Levels of Energy Assessment 
Energy assessment may be done in different ways. This i salso reflected through the first 3 steps 
of our ongoing commissionino scheme (see Figure 5). 

The Annex 46 protocol distinguishes between the preassessment phase (Level 0: selection of 
objects for energy assessments and required composition of the team as well as checking the 
availability of basic information) and three levels of energy assessments with different depths. 
Each of these three levels may be implemented in either a simplified or a more detailed 
assessment, depending on the energy usage and other data availability. The preassessment 
phase (Level 0) is sometimes called preliminary energy analyses; its role is to ensure that 
systematic data collection such as consumption monitoring will be started if it doesn’t exist when 
Level I–III actions are planned.  

�

5.2.1. Level I assessment 
A Level I assessment (qualitative analysis) is a preliminary energy-opportunity analysis consisting 
primarily of a walk-through review to analyze and benchmark existing documents and consumption 
figures. It takes from 2 to 5 days, and identifies the potential in dollars/euros for improvements and 
energy conservation to the bottom line.  

The existing systems and equipment and their operation and maintenance are analyzed, and new 
practices and technologies are considered. If the consumption figures are not available (e.g., due 
to the absence of metering), the Level I assessment can be based on analysis and estimates by 
experienced auditors. 

A Level I assessment would normally recommend that the installation perform some metering, 
which could be followed by a Level II assessment to verify the Level I assumptions, and to more 
fully develop the ideas from the Level I screening analysis. 
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5.2.2. Level II assessment 
Level II assessement is characterized by more detailed measurements (e.g., submetering, 
temperatures, operation times), preferably on an hourly basis, and detailed simulations of the 
energy consumption by the building and its equipment. 

Based on the results of the Level I analysis, the main objective of the Level II analysis is to make 
the energy usage more transparent, to understand selected processes better, and to determine the 
saving goals by adapting the energy consumption to the actual energy demand of the building 
under its specific utilization. Thus the model used shall be able to describe the energy flows in the 
building (building site) in a realistic way, and the measurements shall concentrate on those 
processes and effects that cannot be interpreted easily. 

5.2.3. Level III assessment 
Finally, the Level III assessment is a detailed engineering analysis with implementation, 
performance measurement, and verification (M&V) assessment and fully instrumented 
diagnostic measurements (long-term measurements). This level takes 3–18 months to 
accomplish. For Energy Saving Performance Contract projects, the Level III assessment is 
prolonged until the end of the contract to guarantee that all systems and their components 
operate correctly (ongoing commissioning). Fehler! Verweisquelle konnte nicht 
gefunden werden.  shows composition and thoroughness of auditing activities for the 
different auditing levels. 

Table 5: Composition and thoroughness of auditing activities for different auditing levels. 

Levels of Energy Assessment  

Assessment Activities Level 1 Level 2 Level 3 

Check basic metering,plan installation of missing meters, 
organize meter reading and data processing and analyzing & 
feedback 

X   

Energy consumption and specific characteristics �  �  X 

Rough evaluation of mechanical systems, the building envelope, 
interviewing of technical staff  

X X X 

Analysis of technical documents (X) X X 

Interviewing of the facility, employees, workers X X X 

Measurements, at minimum level (X) X  

The measurements, at thorough level   X 

Heat balances  �  �  

Estimation of saving potential X X X 

Development of ECM list with approximate cost analysis   X  

Investment proposals with a life-cycle cost analysis (LCCA)   X 

5.2.4. Level IV assessment – Ongoing Commissioning 
A major change in personel and technical efforts characterizes level IV. This will be described in 
more detail in chapter 5.6. 
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5.3. Key Players in the 4 step procedure of ongoing  
commissioning 

This chapter describes the participants in the 4 step procedure and the roles and requirements for 
the various partners. Different groups of people have different interests connected to the energy 
assessment project: 

·  The administrator of the assessment scheme 
o Whose main interest lies in improving energy efficiency 
o Has a long-term perspective, framework 
o Is concerned about the cost and effectiveness of assessment work 

·  Operation and maintenance staff 
o Whose main interest lies in operating the site cost-effectively 
o is familiar with the site 

·  Contractors 
o whose main interest lies in fulfilling their task cost-effectively 
o Have maintenance contracts on different systems 
o Have very detailed technical data of the site 

·  Energy assessment team  
o Whose main interest lies in doing their tasks cost-effectively within a limited time frame 
o Are experts in energy assessment work 
o Are experts in building and systems energy use 
o Have no site knowledge 

·  ESCOs  
o whose main interest lies in identifying energy investment projects 

·  Building occupants 
o Whose main interest lies in having good indoor conditions for doing their work 
o Who are energy users 

5.3.1. Project management 
The energy assessment scheme has a manager who (with his assistants) defines the goals and 
general guidelines for the assessment activity and coordinates the budgeting, scheduling, and 
monitoring of the scheme. 

For each individual energy assessment, the assessment team has a leader, or project manager, 
who coordinates the assessment on that specific site. The main tasks of the project manager are 
information and public relations (PR), both incoming and outgoing. He is the main coordinator for 
site visits and reporting. He is responsible for schedules (site visits and reporting activity) and for 
quality control issues in that specific assessment.  

If there are several members in the assessment team, it is essential that the project manager make 
sure every member knows what is expected from him or her and what the critical deadlines are. 

Information management is one of the most important issues for a successful energy assessment. 
The project manager must make sure that all preliminary data are available before the site visit, 
that all information needs are identified during the assessment, and that all information from the 
assessment team is included in the report. 

The project manager may have assistants for data collection or report compilation, but must 
personally take all responsibility of incoming and outgoing information. 
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5.3.2. Site staff 
The staff on site (energy managers, operation and maintenance, etc.) should have adequate 
information before the assessment about what is expected from them. They should also be 
informed of the report schedule and when the results of the assessments will be made available for 
their budgeting and long-term planning. 

The site staff must be aware in advance of the site visit schedule, what kind of resources will be 
needed to assist the assessment team, and what kind of information will be needed before the site 
visits. Providing this information in the kick-off meeting on the first day of the assessment will not 
lead to good results. Commitment from the site staff is needed well before the visit, preferably at 
the stage when the site is selected for assessment. 

During the site visit, the assessment team needs assistance from people who know the buildings 
and their energy-using systems and who can answer technical questions. Having someone with 
keys to the mechanical rooms is not enough. It is important to have a competent guide for each 
area to provide in-depth information and to answer questions. 

The hectic schedule of the site visit is sometimes a problem. Several teams or several experts will 
likely be working on site simultaneously, each of them needing assistance or information. 

The key elements that guarantee success of the energy assessment on site are 

·  Involvement of key facility personnel who know what the problems are, where they are, and 
have thought of many potential solutions. 

·  The facility personnel’s sense of “ownership” of the ideas that in turn develops a commitment of 
implementation. 

·  A focus on critical, site-specific cost issues, which, if solved, will make the greatest possible 
economic contribution to a facility’s bottom line. Major potential costs issues include: capacity 
utilization (bottlenecks), material utilization (off spec, scrap, rework), labor (productivity, 
planning, scheduling), energy (steam, electricity, compressed air), waste (air, water, solid, 
hazardous), and equipment (outdated or state of the art). 

From a strict cost perspective, process capacity, materials, and labor utilization can be far more 
significant than energy and environmental concerns. All of these issues, however, must be 
considered together to achieve the facility’s mission in the most efficient and cost-effective way. 

5.3.3. Energy assessment team 
The energy assessment team usually has several members, but the expertise varies according to 
the complexity of the site. Very simple buildings may be audited by one expert looking at all 
energy-using systems and building envelope, but larger and very special sites require special 
expertise. 

The team usually has 

·  A building envelope expert or construction engineer 
·  A mechanical engineer (HVAC, hot water, etc.) 
·  An electrical systems expert (lighting, electrical, heating, equipment, etc.). 

Also, other specialists may be needed in the areas of compressed air, refrigeration, dining facilities, 
pools, and production processes. 

The tasks within the team may be defined site-specifically, depending on the experience of the 
members. 
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The expertise of energy auditing does not depend on a strictly defined, separate field of skills, 
methods, and procedures, but a combination of skills and procedures from different fields. 
However, an energy and process assessment does require a specific talent for putting together 
existing ways and procedures to show the overall energy performance of a building and the 
processes it houses and to determine how the performance can be improved. 

The more complex a building is, and the more specialized its energy-using systems are, the more 
important it will be to have experienced energy auditors. 

The team members should have a clear picture before the assessment of what is expected from 
them, first, during the site visit, and, second, in the reporting phase. 

The team should discuss with the project manager how to deal with information needs after the site 
visit: will each expert contact the site staff independently or is all information channeled via the 
project manager (which is usually more time consuming).  

5.4. Assessment Procedure 
The procedure described in this section is basically for a Level I assessment with some specific 
features for Level II and Level III assessments. 

5.4.1. Agreement on the energy assessment 
The energy assessment usually begins when the auditor’s tender for work has been accepted by 
the client. The tender (or an agreement) defines the content of work and the project cost. It usually 
also lists the team of auditors who will participate in the project and suggests a schedule for the 
start-up and reporting of the work. 

It is important that all parties involved be aware from the very beginning what their part in the 
project is and what is expected from them at each point of the schedule. 

Typically, the energy assessment involves 

·  The client who pays for the assessment 
·  The organization on site, which is familiar with the operation and maintenance and has the 

technical knowledge and documents 
·  The building occupants on site 
·  The energy assessment team 
·  Others (contractors, ESCOs, etc.) 

5.4.2. Preassessment site visit 
The project management may visit the site before the actual energy assessment takes place. This 
visit may be during the tendering process or after the agreement has been made. 

The purpose of the preassessment visit is to 

·  Discuss the forthcoming assessment with the site staff 
·  Give site staff a clearly defined list of the information that will be needed before the energy 

assessment team arrives on site 
·  Conduct a Level 0 assessment to become familiar with the site 
·  Select from the building stock those buildings that are most promising for an energy 

assessment, select the systems in those buildings to be audited, or from a given system, the 
components to be considered for more detailed study 

·  Collect any further information available (which saves time when the team arrives on site) 
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·  Determine the necessary technical skills required to conduct the surveys, the optimal size of 
the team, the number of subteams, and the duration of the assessment based on the scope of 
the study  

It is important that all the information from the visit be delivered to the assessment team. The 
project manager’s role is mainly to deliver information and coordinate the work. 

5.4.3. Preparation activities 
The project manager should coordinate the preparation activities well before the site visit. Going to 
the site unprepared is usually frustrating for everyone involved and wastes time while waiting or 
looking for people and material. 

The project manager should act as a link between the site staff and the assessment team and 
make sure all preparations are made on both sides. 

Data and material needed from the site 

The project manager should agree with the site’s staff representative who will collect the data and 
material needed for the assessment. The material is needed before the actual assessment work on 
site begins. 

This information should be available at the in-briefing or start-up meeting: 

·  Facility data: building ID, use, building volume, floor area, year of construction, renovations, 
schedules of use (daily, weekly), number of building occupants (if available) 

·  Energy and water suppliers 
·  Tariffs (energy and water consumption cost, fixed cost monthly and yearly, demand-based 

cost, etc.) 
·  Metering (where energy and water meters are, how metering data is available) 
·  Consumption data 

o Yearly consumption (MWh/a) 
o Monthly consumption, if available 
o Historical data from 3–4 years 
o Reasons for changes in energy consumption 
o Peak demand data (kW) 

·  Data of structures 
o Main structure types (drawings, structure layer description) 
o U-values of main structures 
o Window and door types, window and door areas 

·  Data from energy-using systems 
o Main principles of heat distribution, control of temperatures 
o Main principles of domestic water supply, control of temperatures 
o Main principles of ventilation, service areas of air handling units 
o Main air flows of air handling units 
o Ventilation rates in typical spaces 
o Main principles of cooling or air-conditioning systems 
o Water chiller capacities 
o Main principles of electricity distribution 
o Reserve power, UPS arrangements 
o Main electricity consumers (computer rooms, kitchens, etc.) 
o Electricity submetering, possibility of contemporary measurements 
o Lighting features, main lamp types 
o Special features of socket load (computers, others) 
o Main principles of building automation system 
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o Design documents needed in the assessment 

The energy assessment team should have access to design documents for the buildings they visit. 
It is not necessary to have everything in electronic format; having access to the document archive 
may be as useful.  

The material that is usually needed includes 

·  Site plan 
·  Building-specific layout plans, not necessary in scale 
·  Data of structures and U-values 
·  Mechanical schedules 
·  Designed air-flow rates 
·  Control schematics of air handling units, air-conditioning equipment, and water chillers 
·  Electrical schedules 
·  Lighting fixture and lamp type lists 
·  List of buildings and systems connected to the central BMS 

The site plan will identify all the buildings located on the installation as well as the energy 
distribution systems that supply those buildings. The central heating and cooling plants with the 
piping that feeds the buildings should be presented. Also, those buildings scheduled for demolition 
as well as new buildings planned should be exhibited. A list of existing buildings with their area 
identified should be part of the master plan documents. 

The structural drawings indicate the supporting members in the building structure and their 
assembly to provide a building that is stable and able to withstand the forces that will be imposed 
on it. Often, the structural information is combined with the architectural and presented on the 
architectural drawings. 

The civil drawings show site features such as areas for vehicle movement and parking, utility 
distribution (water, natural gas, electricity, sewer, etc.), rainwater drainage, and locations of plants 
that form the landscape. 

The electrical drawings show how the incoming electricity is reduced in voltage and distributed to 
substations and electrical panels. Also shown is the lighting design in terms of lighting fixtures and 
their locations. 

The mechanical drawings provide information regarding the heating, cooling, and ventilation 
systems as well as the plumbing, water treatment, compressed air, and process cooling water. 
Sizes and capability of required equipment are specified, location and size of distribution systems 
are shown, and details for installation of the components of the system are provided. Drawings that 
show the control system for the various systems can be found with the mechanical, electrical, or a 
stand-alone control drawing set. 

The information contained in the drawings is important for understanding the building’s operation 
and needs.  

Practical arrangements for site work 

The project manager should make sure that the site staff is aware of the practical arrangements 
well before the site visit.  

Good and efficient communication before the visit and making sure that the team has access and 
transport while on site saves a lot of time during the actual field work. 

Before the team arrives, the site staff should be aware and decide 

·  Who is in charge of getting the information the team needs before the visit 
·  Who will be present when the team is on site 
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·  Where the team will work (working space and facilities) 
·  Who attends in-briefing and out-briefing 
·  Whether the team will have free access to the buildings or need an escort 
·  The restrictions for operating on site 
·  Whether the team will have their own keys to technical rooms 
·  How the building’s occupants will be informed of the assessment team visiting the buildings 

The project manager also needs to check with site security to determine what site-specific 
requirements there are for the auditors to have access to the site. 

·  Are ID or passport details or copies needed in advance? 
·  Are equipment lists with equipment ID details needed for bringing measuring devices to site? 

5.4.4. Assessment team kick-off meeting 
It is recommended that the assessment team get together before going to the site. Even if the team 
has worked together in previous assignments, it is useful to go through the details of the project 
and make sure everyone knows what to do. The project manager is responsible for arranging and 
making preparations for this meeting. The project manager must be well prepared. In the meeting 
the project manager will 

·  Explain the main aim of the assessment. 
·  Inform the team of the goals and schedule for the project. 
·  Introduce team members and their roles, who will be doing what and why. 
·  Report what information has been collected before the assessment. 
·  Inform the team of the energy costs and tariffs. (If the project manager or a team member has 

not done so before the meeting, who will do the energy cost and tariff analysis should be 
decided at this meeting.) 

·  Suggest what kind of saving measures are the main focus. 
·  Introduce the special features of the site. 
·  Define the schedule for the activities after the site visit (when reporting material is expected 

from the team and when the report to the client will be ready). 

The assessment team should then discuss the special features of the site and also decide 
(depending on the expertise of the members) how certain parts of the assessment will be carried 
out (e.g., whether the mechanical expert or the electrical expert look at electrical heating, who will 
check the controls from the BMS). 

5.4.5. In-briefing / kick-off meeting on site 
Upon arrival at site on the scheduled assessment date, the team conducts a kick-off meeting and a 
team-building session with the plant’s management (preferably top level); the staff responsible for 
planning, manufacturing, engineering, energy management, mechanical systems, other major 
stakeholders; and the members of the assessment team. The assessment team briefs the 
customer’s side of the team on the goal, objectives, and time schedule of the on-site assessment 
and requests time slots to interview major players from the customer’s side. 

Members from the customer’s side brief the assessment team on the plant operations with details 
about the equipment and systems involved. This will give the assessment team a good idea of 
current operations and upgrades that might be appropriate. They also learn about completed and 
ongoing energy and other retrofitting projects, needs, and perceived problems and ideas to 
overcome them. Ongoing or planned construction or LEAN Program projects may be a great time 
for the complementing energy projects because energy-related projects can have a low marginal 
cost when incorporated into major refurbishment work (e.g., roof repair, renovation of air handling 
units). 
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The meeting should deal with the following topics: 

·  Introduction (project manager) 
o Introduction of the assessment work, what it connects to, who the key players are, what the 

aim and scope is, schedule. 
o Introduction of participants on site and their responsibilities. 
o Introduction of information collected before the assessment. 
o Providing the contact information for key persons. 

·  Introduction of site (site staff member) 
o Introduction of the site and the buildings to be visited. 
o Discussion of problems and special features of the site. 
o Renovations, changes in energy-using systems. 
o Implemented energy-efficiency improvements. 
o Indoor air quality and temperature problems. 
o Scheduled and planned future improvements. 
o Staff’s ideas about energy-saving measures. 

·  Special features of energy usage 
o What are the main areas of consumption in heating, electricity, and water? 
o If the site consists of several buildings and there is only one energy meter, which are the 

most important buildings? 
o If there are energy-consuming processes, which are the most important? 
o Which parts of the facility are in operation 24 hours a day? 
o Which processes and equipment have the highest power demand? Is the demand just a 

peak or has it been high for a long period of time? 
·  Practicalities (site staff member) 

o Restrictions and security issues while the assessment team is on site (photographing, 
limited access, etc.). 

o How the building occupants have been informed of the site visit (schedules, assessment 
team ID badges, etc.). 

o Is interviewing building occupants allowed or restricted? 
o Where to find more information (Web site, data bank, document archive, etc.). 
o The facilities for the assessment team (working space, meeting room, Web access, 

copying, etc.) 
·  Schedules (project manager) 

o Schedule for site work 
o Meetings on site (outbriefing and others) 
o Schedule for reporting activities 
o When the site staff will have the comment version of the report and when the final version 

will be distributed. 

5.4.6. Energy cost and tariff analysis 
The assessment team should decide who will perform the energy cost and tariff analysis based on 
the material given by the site staff. If the project manager does not do this, it is not efficient to give 
the material to everyone involved. One member should study the material and inform the others of 
the key results. 

All the members will need the following information: 

·  What energy and water costs to use in the energy-saving calculations 
·  What special features there are in the tariffs (e.g., if nighttime electricity is remarkably cheaper 

than daytime energy) 
·  How these costs may be affected by some of the suggested saving measures 
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The energy assessment should include an analysis of energy consumption, energy costs, energy 
tariffs, and peak demand. This information is usually available from the energy supplier. The facility 
management’s energy monitoring may include consumption data, but tariff and peak demand data 
is not usually included in the monitoring. 

The energy bills yield information that, when analyzed, may provide recommendations before the 
visit such as energy demand rescheduling, avoidance of late payment penalties, and energy 
ratcheting errors. 

Information obtained from utility billing includes (with examples) 

·  Electrical rate data 
o Total yearly energy usage (kWh) 
o Total reactive charge (€) 
o Total electricity cost (€) 
o Total other cost (€) 
o Electricity costs (€/kWh)—daytime and nighttime, possibly summer and winter 

·  Natural gas rate data 
o Total energy usage (m3) 
o Total yearly energy usage (MWh) 
o Usage cost (€,) 
o Gas cost (€/MWh) 

·  Fuel oil 
o Total energy usage (m3) 
o Total yearly energy usage (MWh) 
o Usage cost (€) 
o Oil cost (€/liter) 

·  Water 
o Total water usage ( m3) 
o Usage cost (€) 
o Water cost (€/m3) 

If hourly power demand data is available from the utility, a quick look at the power demand 
variations during a typical summer and winter week will give an idea of the daytime and nighttime 
energy profiles. Some typical questions for the analysis are 

·  What is the difference in daytime power demand in summer and in winter? Is this due to 
electrical heating or additional lighting? 

·  Does the peak demand occur in summer or in winter? Is it caused by heating or cooling 
demand? 

·  Is there electric heating or frost protection heating? What is the estimated cooling capacity? Do 
these explain the differences in power demand? 

·  What is the difference between daytime and nighttime power demand? Or between the 
operation or production time or off-time demand? What causes the off-time consumption? Is 
there some unnecessary energy use during the night? 

·  How does the power demand vary during the week? What causes the weekend consumption? 
·  How does the power demand vary in peak production time and a more quiet time? 
·  What is the peak demand time (yearly energy consumption kWh divided by peak demand kW)? 

How does this relate to the working hours in the facility? If the peak demand time is long and 
about the same as the hours of operation, the consumption does not vary much and is caused 
by a very constant load. A short peak demand time indicates a high energy demand occurring 
at extreme conditions. 

The energy tariff analysis is necessary for finding the correct energy price for the saving measures 
occurring at different times of the day, week, and year. Typical questions for the analysis are 
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·  What are the elements in the tariff? Is there a difference in energy price for the day and night? 
For summer and winter? What are the fixed costs? 

·  How does the peak demand connect to the energy tariff? If there is a peak demand cost, could 
this be reduced by peak shaving? 

·  Is there a reactive power charge? 
·  What are the main cost elements in the energy bill? Can peak shaving or power factor 

correction (improving reactive power compensation) reduce costs? 
·  Are there alternative utility tariffs available? 
·  If energy-saving measures are implemented, how will the consumption and peak demand 

change? What is the optimal tariff in the new situation? 
·  Similar questions are valid for district heating and gas supply. When supply-capacity data is not 

available, the analysis must be based on cost and energy data. 

Typical questions for the analysis are 

·  What are the elements in the tariff? Is there a difference in energy price for summer and winter 
or other seasonal variation? 

·  What are the fixed costs? Do the fixed costs depend on the peak heating demand or something 
else? 

·  What is the monthly cost and consumption profile like? What is the difference in the 
consumption between summer and winter months? If the variation is not remarkable, the main 
consumption may be caused by domestic hot water or system/network losses. 

Peaks in heating demand occur between November and March. Other peaks are caused by 
production processes or domestic or process hot water use. 

If there is a gas- or oil-fired boiler, the boiler losses and other system losses should be analyzed to 
calculate the actual amount of energy savings. The energy assessment team will calculate the 
savings by looking at the consumption side (savings in the energy use of an air handling unit or a 
heating system in a building), but the total savings has to take into account the boiler and system 
efficiencies, and the report should show savings in input energy (fuel or gas). 

There may be saving possibilities in eliminating unnecessary heating or unnecessary losses. For 
heating, the losses of the heat distribution may be a critical issue. 

Water may be a significant cost issue in some facilities where the process requires large quantities 
of water. Water may be heated for processes or for domestic use, leading to a high demand for 
heating energy. 

Water suppliers may have different tariffs. The costs and consumption should be analyzed. Typical 
questions for the cost analysis are 

·  What are the elements in the tariff? Is there a cost for water supply and sewage water? What 
are the fixed costs? 

·  How does the consumption vary in the winter and summer months? 
·  How much water is used in production processes? Does the water consumption reflect the 

changes in the production? 
·  Is water used for cooling purposes or to supply water to cooling towers? Is the cooling demand 

constant? 
·  Could cooling water be recycled or is closed-circuit cooling possible? 
·  Is there waste heat from processes available for preheating domestic or process hot water? 

5.4.7. Assessment work on site 
The aim of the site work is to 

·  Go through the most important energy-using systems, processes, and equipment 
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·  Gain understanding of the energy usage on site, the operating routines, and user behavior 
·  Generate preliminary ideas for energy-saving opportunities. 
·  List areas and processes for which additional quantitative data is needed for later analysis 

Working procedure on site 

The site visit should follow a systematic procedure instead of a random walk-through, which is 
typically used for identifying easy and quick saving measures. If the saving possibilities are 
analyzed in more detail, the energy assessment should be based on a systematic check of the 
most critical areas of energy use.  

Usually the energy assessment team has a limited time for the site visit and therefore must 
concentrate on main areas of energy production, distribution, and use. 

The key elements to check are related to the energy production and efficiency and to the main 
consumers (energy-using system operation, settings, controls, patterns of use).  

 Level I assessment: 

Check these items during site assessment (using building automation systems and the walk 
through assessment): 

·  Ventilation and air-conditioning running times and supply air temperatures. 
·  Set points and time schedules. Make sure by using trend logging that these are actual values 

and there is no override by manual settings. 
·  Air handling process operation (heating, cooling, heat recovery, humidifying, dehumidifying, 

etc.). 
·  Use of simultaneous heating and cooling. 
·  Operation of fans and pumps (frequency drives, damper and valve controls, VAV systems, 

etc.). 
·  Room temperatures (roughly). 
·  Use of windows by building occupants (ventilation through open windows). 
·  Magnitude of uncontrolled ventilation, infiltration. 
·  Use of electric appliances, schedules, and stand-by modes. 
·  Use of electric heaters, frost protection heating. 
·  Most common lamp types. 
·  Lighting controls. 

Level II assessment: 

During site assessment 

·  Check items listed in the Level I assessment 
·  Measure supply air temperatures, air flows of main air handling units, heat-recovery 

efficiencies, et cetera 
·  Measure room temperatures 
·  Analyze operation of heating system 
·  Analyze operation of air handling processes 
·  Analyze operation of cooling systems 
·  Check set-points and operation of room heating and cooling equipment 
·  Check and measure the electrical demand of fans, pumps, chillers, lighting, main users of 

socket power supply. 
·  Check reactive power compensation 
·  Analyze nighttime energy use (lighting, socket load, fans, pumps, etc.) 
·  Analyze summer and winter energy demand. 
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The time-depending distribution of electric power consumption = hourly power demand (if possible) 

Level III assessment 

The Level III assessment consists of Level I + Level II + introduction of special measurements 
(examples): 

·  Tracer-gas measurements (infiltration, air flows, ventilation efficiency, etc.) 
·  Air-flow monitoring (over a period of use or over a week) 
·  Temperature monitoring, thermography of building and systems 
·  Illumination/luminance measurements 

Measuring on site 

Measuring is usually time-consuming, and the energy auditor must determine the reliability of the 
results and the added value for the assessment of energy-saving potential. If rough calculation 
methods and tools are used for potential assessment, accurate measuring may not improve the 
quality of the calculation. On the other hand, if the whole potential assessment is based on 
estimates and assumptions, the result is not very reliable. 

The auditor should think carefully about what measurements are useful, what results really indicate 
energy use, and which measurements are the most time-consuming.  

Temperature measurements are easy to make, but a thorough analysis of the measured results 
and the measuring conditions is necessary to draw correct conclusions. These are some of the 
things that can have an effect on the measured temperature: external and internal heat load (solar 
gain, equipment, lighting, people), ventilation system, natural and uncontrolled ventilation, et 
cetera. 

The auditor should make sure that his measuring equipment is calibrated regularly. 

Depending on assessment type and aims, different levels of measurements are needed. The main 
interest should be in key values and the most important factors. 

Even in a quick assessment the following issues should be roughly measured: 

·  Boiler, chiller, and compressor operation (temperatures, pressures, other relevant factors) 
·  Room temperature levels in heating and cooling seasons 
·  AHU temperature levels during heating and cooling seasons 
·  Any simultaneous heating and cooling in AHUs 
·  Nighttime and weekend setbacks in setpoints 
·  The main cold and hot surfaces (building envelope heat loss) 

A Level I energy assessment requires a limited kit of basic measuring instruments (e.g., air 
temperature, air humidity, and air velocity meters; airflow meters; infrared surface temperature 
sensors; illuminance meter for lighting level measurements) 

Other equipment needed by the energy auditor includes a flashlight, smoke-gun, measuring tape, 
ultrasonic distance meters, safety glasses, ear plugs, gloves, and a digital photo camera. 

Interviews 

The energy assessment team should discuss with the site staff at the kick-off meeting to what 
extent the building occupants will be interviewed during the site visit. If there are major indoor air 
quality problems or other similar difficulties in the buildings, the interviews will probably not bring 
any special information on energy use, but only concentrate on the problems that the assessment 
team may not have enough reliable background or historical information about. 
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If, however, there are no major problems, a quick interview on occupant behavior and energy-using 
routines is usually very useful and brings up ideas for saving measures. 

Data collected during the site visit 

From interviews with the building’s occupants and a visual survey of obvious defects in mechanical 
systems, answers to the following questions can be obtained: 

·  Are there any problems with humidity and the building envelope in the winter? 
·  Are there problems with freezing through the building envelope? 
·  What is the air leakage through windows and doors? Are there related problems with drafts? 
·  Are there problems with heating, cooling, or water supply systems or power supply? 
·  How do the controls of mechanical systems work, and what is their technical condition? 
·  Are there rooms that are over- or underheated? Are there areas that are too hot and need 

cooling? Are there unnecessarily air-conditioned spaces or areas that are too cold? 
·  Is the water pressure in the water supply system adequate? 
·  Is there urgent need in repair of mechanical systems and their elements? 
·  Is the lighting suitable for the activity in the building? What is the type and age of the lighting 

fixtures? Are there problems related to lighting? 

Photographs 

Photographs are useful in several ways: they serve as the auditors’ memory backup when there 
are many similar buildings on site, and they help the auditor in saving investment cost estimates, 
showing details that may not have been noticed on site. They also help the auditor with risk 
analysis when the restrictions for implementing saving measures are analyzed. 

But photographs are usually only useful to the person who took them. For others, there may not be 
any added value. Showing actual energy-saving possibilities or energy waste in photographs is 
sometimes possible (open windows, leaking pipes, lights on during the daytime), but most of the 
time the documentation of air handling units, BMS screen views, et cetera, is not useful unless the 
photograph links to building data and surroundings and can be used as a memory refresher when 
preparing the report. 

Building management system (BMS), building automati on system (BAS) 

Usually the BMS is a good tool for the auditor: it makes it possible to get a lot of information in a 
quick look of the energy-consuming systems. Having a site staff member using the BMS and 
discussing the data with the energy auditor is the best option. 

The energy auditor should be aware of the restrictions and weaknesses of the BMS when using 
the data in the energy-saving calculations. The set points and time schedules can be seen easily, 
but is this the whole truth? There may be local switches, push buttons, or timers that overrun the 
time schedules. The set points may be OK, but are the temperature readings reliable? Have the 
sensors been calibrated regularly? Especially with electro-pneumatic systems, the actual settings 
and actuator positions may be different from the readings shown on the screen. 

However, the BMS can and should be used to analyze the following issues related to the energy-
using systems: 

·  Ventilation and air-conditioning set points and supply air temperatures 
·  Time schedules for air handling units and lighting 
·  Air handling process operation, use of simultaneous heating and cooling 
·  Operation of fans and pumps (frequency drives, damper and valve controls, VAV systems, etc.) 
·  Room temperatures 
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Brainstorming of saving measures 

The energy assessment team should meet during the site work to discuss the findings, the 
problems, and special areas of interest. The meeting can take place after each working day on site 
or after some specific sections of the site have been visited. 

The team should discuss the potential energy-saving opportunities and decide who is going to look 
deeper into which measure. This is necessary to avoid overlap in the auditors’ work.  

If there are general, site-wide energy-saving measures (e.g., air handling units running all the 
time), the team should decide at an early stage who will write about this issue in the report and 
what information he or she needs from other team members (e.g., which buildings this measure 
concerns, who will calculate the building specific savings from this measure). 

The team should also these questions at the end of each day: Do we have the information we 
need? What were the most interesting things we saw today? 

The project manager should coordinate the work of the team members so that, when the list of 
saving measures starts to formulate, it is clear to everyone in the team who will process which 
measure further for the out-briefing and who will write about it in the report. 

Analysis of energy-saving opportunities 

The outcome from the Level I energy assessment is a preliminary list of energy-saving measures. 
The rough walk-through type of energy assessment does not allow accurate measurements or an 
opportunity to look for accurate data from design documents, but it can produce rough ideas for 
saving measures and calculations based on on-site observations. The saving potential is based on 
assumptions, as is the estimation of investment needs; the payback times are therefore also not 
accurate. 

The energy assessment team has to keep in mind the original aim of the assessment, which may 
not be to identify all saving opportunities, but to concentrate on the low-hanging fruit and no-cost 
measures. Identifying no-cost measures is usually fairly easy: they are usually things related to 
operation schedules, set points, and operation of the energy-using systems. Identifying long 
payback measures is usually easy too: those systems need thorough improvement (change of 
boiler, installing a new chiller with free cooling, replacement of windows, etc.).  

The challenge that the auditor has is in assessing low- and medium-cost saving potentials, that is, 
to estimate costs realistically, is to neither overestimate savings nor underestimate investments. 

Ending up with no saving potential is not unusual. If the building is very simple and there are not 
many energy-using systems—or if a more complex building is operated unusually well—there may 
not be any saving opportunities without a major renovation. The comment from a client with a large 
building stock is that zero potential is a good result: it shows that everything is working as it should 
and the O&M staff knows what they are doing. 

There are four key rules for the energy-saving measure analysis that the auditor should keep in 
mind: 

1. Don’t be too optimistic. (Do not overestimate the saving or underestimate the cost. Keep in 
mind the occupants’ level of comfort.) 

2. Savings in one energy may increase the consumption of another (e.g., lighting and heating are 
connected). 

3. Check overlapping savings. (If there are several saving measures for the same system, (e.g., 
air handling unit), define the order for the implementation of the measures.) 

4. Cost savings: when to change the tariff—before or after the saving measure. (One tariff may be 
optimal now, but not after the saving measure has been implemented.)  
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When analyzing the saving potential, the auditor very often has to also think about the lifetime of 
the surrounding technology to come up with sensible ideas, taking into account the overall 
improvement needs of the systems. 

It is sometimes important to analyze the remaining life cycle of heating, ventilation, process, and 
electrical systems. If the payback time of a suggested energy-saving measure is long, maybe 7–10 
years or more, will the system be operational that long or will it require major renovation or renewal 
by then? Ventilation and air-conditioning systems are probably the most critical in this respect. The 
lifetime of control equipment and building automation system is 10–15 years. For fans and air 
handling units 20–25 years. If the system is 15 years old already, is it feasible to make 
improvements to improve energy efficiency, or would it be better to make a larger renovation now? 
This decision shall be made based on the rough life-cycle cost estimate based on the information 
obtained during the energy assessment. 

The energy auditor also needs to think ahead and be aware of what the consequences are when 
the saving measure is implemented: 

·  Will there be changes in indoor environment, occupancy comfort, or user routines? 
·  Will there be an increased need for maintenance or other costs? 
·  What are the risks? 

The suggested saving measures should not reduce occupant comfort and lead to complaints 
(temperature, air quality, lighting level, etc.).  

5.4.8. Out-briefing: introduction of preliminary re sults 
Before finishing their work on site, an introduction of preliminary results and observations takes 
place in an out-briefing where the site staff is present. The briefing includes a presentation on the 
energy-saving measures, not necessarily payback times or investments needed: these will be 
analyzed later. 

The main aim of the briefing is to show what has been done and what kinds of improvements have 
been found. The project manager should also briefly describe how the project continues from here 
and when the final results and the report will be available. 

After the briefing the site staff should have an idea of the next steps needed to improve energy 
efficiency. 

Also, some practical issues may need to be discussed, such as 

·  Whom to contact after the site visit for more information 
·  When to return the borrowed documents or other materials that the auditors may have received 

during the site visit 
·  How to arrange another visit on site if needed during the reporting phase 

5.4.9. Assessment team closing meeting when leaving  the site 
The project manager has to make sure that the assessment team knows what to do to produce the 
report; therefore, a brief meeting with the assessment team is recommended. 

Here are some issues to discuss: 

·  Who will do the cost and tariff analysis and inform the team of the energy rates to be used in 
the calculations 

·  Who will write about which saving measure 
·  What report template will be used, and who will send it and when 
·  When the write-ups are expected 
·  How a summary table will be circulated for putting all the saving measures together 
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5.4.10. Reporting 
The main aim of the report is to describe the energy-saving measures so that the client will get 
enough reliable information for decision making. The saving potential should be realistic and the 
investment cost reliable enough so that the payback time can be used for assessing the profitability 
of the measure. 

The key questions about the report are, how will the client use the report, and what kind of report 
meets the client’s needs? 

Writing the report is easy, but preparing the material so that it is usable and will not be left on the 
bookshelf—that is the challenge. The energy assessment does not end in the reporting: the actual 
saving procedure begins there. 

The reporting should be discussed with the client before the assessment work begins. The 
reporting alternatives depend on the assessment’s aim and type and the following alternatives 
should be brought up in the discussion: 

·  A short summary report, introducing the main areas for savings 
·  A list of saving ideas with rough profitability estimates 
·  A list of technically defined saving opportunities with profitability estimates 
·  A full report of the existing situation and identified energy-saving measures 
·  An energy-saving measure database for large building volumes 

5.4.11. Typical assessment report 
Typically an energy assessment report is a full report on existing situation and identified energy 
saving measures and it consists of the chapters shown in Figure 10. 

EXECUTIVE SUMMARYEXECUTIVE SUMMARY
•• description of site, energy costs description of site, energy costs
•• summary table of proposed energy conservation  summary table of proposed energy conservation 
   measures   measures

INTRODUCTION AND BACKGROUND INFORMATIONINTRODUCTION AND BACKGROUND INFORMATION
•• audit methodology, team audit methodology, team

DESCRIPTION OF THE BUILDINGDESCRIPTION OF THE BUILDING
•• building envelope building envelope
•• technical systems technical systems

TECHNICAL DOCUMENTATION AND ENERGY DATATECHNICAL DOCUMENTATION AND ENERGY DATA
•• site data site data
•• energy and water consumption, specific consumption energy and water consumption, specific consumption

ENERGY SAVING OPPORTUNITIESENERGY SAVING OPPORTUNITIES
•• no-cost / low-cost measures no-cost / low-cost measures
•• medium-cost measures medium-cost measures
•• high-cost measures high-cost measures

GENERAL CONCLUSIONS & RECOMMENDATIONSGENERAL CONCLUSIONS & RECOMMENDATIONS
  �

Figure 10: Energy assessment report table of contents. 
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For a Level I assessment, the report is shorter, listing the energy-saving opportunities based on the 
walk-through site visit. A Level II assessment report contains the findings from the site visit, 
measured values, and analysis based on them. 

5.4.12. Content of the report 

Executive summary 

This important part of the report should be suitable for nontechnical decisionmakers (managers 
and financiers). It shall include a brief description of the assessed building, major issues and cost, 
and water- and energy-saving opportunities with the estimated cost and saving and a payback 
analysis summed up in a table of proposed energy conservation measures. 

Introduction and background information 

The introduction includes the information about the audited building and housed processes and the 
scope and objectives of the assessment. It briefly describes the assessment methodology or 
protocol used and the composition of the assessment team, and it acknowledges the participation 
and support of all end users’ side staff members involved in information gathering and idea 
generation. 

Technical documentation and energy/water consumptio n data 

This section of the report briefly explains the main technical documents the team has obtained 
prior to and during the assessment. Building volumes, floor areas, number of occupants, 
production schedule, and other relevant information of the audited building shall be reported. 
Information on energy and water consumption (bills, metering, submetering) and pricing shall be 
included. This section of the report shall also contain the statistics concerning production levels, 
use of raw materials, and energy and water consumption. It is useful to include the information on 
the specific numbers. To compare and characterize energy consumption by similar types of 
buildings, certain specific numbers are used. Commonly used specific numbers are annual heat 
electricity and water consumption per square meter (m2): kWh/(m2* yr) and l/(m2* yr). 

Description of the building 

This section shall include the information on manufacturing processes and process-related 
systems, building envelope, and mechanical and energy equipment and systems. The 
preconclusions and related results of previous studies shall be included in this section. 

Results of energy and process assessment 

This section will include the results of interviews, assessments, and preliminary measurements 
organized by building. These results generate a list of energy conservation measures/opportunities 
(ECMs) with individual project write-ups. ECMs can range from simple nontechnical measures (no-
cost solutions) to those needing major investment and possibly more detailed (Level II) 
assessment with a credible economic analysis and/or design: 

No-cost/low-cost measures  require minimal investment and can often be implemented without 
further study. These include: general good-housekeeping practices, “turn-off” campaigns, avoiding 
wasteful practices, adjustment of existing controls to match actual requirements of occupancy, or 
installation of small items (e.g., thermostats, insulation of sections of pipework, fixing cracks in 
window frames). 

Medium-cost measures  may require little or no further study and design and will consequently 
take longer to implement. The approximate range of capital cost is between $500 and $10,000 per 
ECM. Common investment measures include installation of new and replacement of old controls 
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for heating, cooling, or lighting; changing of lighting fixtures to more efficient ones; and insulation or 
refurbishment of roofs, windows, or floors to reduce solar gains and drafts. 

High-cost  measures are expected to need further detailed Level II study and design. These 
measures may require an executive level of approval before implementation. Such measures could 
include replacement or upgrading of plant and equipment, boilers, chillers; installation of BMS; or 
decentralization of the boiler plant or its replacement for CHP scheme. 

Quality checking of the report 

The project manager (or the report coordinator) should pay special attention to the following issues 
when reading the final draft version of the report: 

·  The data is logical and benchmarking figures match (building volumes, energy consumption, 
etc.) 

·  The saving potential is realistic 
·  The proposed measures are appropriate for the building type concerned 
·  The technical content is OK  
·  The technical specifications of the saving measures are OK 
·  Rough check on how the savings have been calculated 
·  There are no “ghosts” or cut-and-paste errors from previous reports in the text 

5.4.13. Summary data for monitoring 
When energy assessments are being carried out in large numbers for large sites with many 
buildings, there are usually dozens of energy-saving measures for each site. To keep track of the 
saving measures during the reporting phase and also to make the decision making and 
implementation of the measures easier, a summary table of all the suggested measures is 
recommended. 

The table should include the following data: 

·  Name of measure and what building or area it deals with 
·  Saving potential in heating, electricity, and water consumption 
·  Saving in energy and water cost 
·  Investment needed 
·  Payback time 
·  Energy auditor ID (who is writing about this measure) 
·  Client approval (will be implemented immediately, will be budgeted for next year, may be 

implemented later, will not be implemented) 
·  Client ID (who made the decision and the date it was made) 

Even a simple Excel-spreadsheet will contain the necessary data and keep the information 
organized during the assessment work and also help the client in keeping the saving measures on 
the list of things to do. Clients with a large building stock may use databases with user-friendly 
interfaces and limited user access for auditors, contractors, and O&M staff. 

When the energy assessment scheme management combines this data into energy consumption 
data, assessment cost data and budget data, he or she has a simple monitoring system on the 
effectiveness of the energy assessment scheme (results versus money spent). 

5.4.14. Introduction of results: final meeting 
When the report is ready and the material has been sent to the client and/or site staff, a meeting is 
usually arranged to present the final results and to close the project. 
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The main aim of the meeting and introduction of results is to help the client with decision making 
and implementing the suggested saving measures. 

The meeting agenda should include the following topics: 

·  Goals of the assessment project 
·  Main phases of work 
·  Key results, concentrating on the big picture and main savings 
·  Rough benchmarking to similar sites, if possible 
·  Main technical improvements 

The presentation to decisionmakers is not necessarily very technical, but should introduce a 
summary of the saving potential, investments needed, and the payback times and profitability. 

The meeting should also discuss what happens after the assessment: 

·  Does the assessment report give clear advice on how to go on after the assessment? 
·  How does the client implement the list of saving measures? Will they need help? 
·  Does the client or the O&M staff have a systematic procedure to eliminate energy-wasting 

mistakes and malfunctions? 

5.5. After the Energy Assessment 

5.5.1. Implementation of energy-saving measures 
Sometimes the auditors and site staff go through the list of no-cost measures and implement them 
according to the client’s decisions after the final meeting—or sometimes before the auditors leave 
the site after the field work. 

Implementation of the saving measures depends on the client’s resources, plans, and priorities. 
The auditor will help in the design, implementation, and commissioning (and performance 
contracting sometimes), but the work involved is a separate assignment with an additional fee and 
is not included in the energy assessment. 

5.5.2. Level III assessment to verify results 
The Level III assessment may also be used as a part of ongoing commissioning as a detailed 
engineering analysis with implementation, performance measurement, and verification (M&V) 
assessment and fully instrumented diagnostic measurements (long-term measurements) to verify 
the savings achieved by the implemented measures. For ESPC projects, the Level III assessment 
is prolonged until the end of the contract to guarantee that all systems and their components 
operate correctly. However ongoing commissioning might be introduced after each level of energy 
assessment. Therefore some people prefer to introduce ongoing commissioning as level IV of the 
energy assessment process. This is described in more detail in the following chapter. 

5.5.3. Evaluation of the energy assessment 
The client organization who paid for the energy assessment should analyze the project when the 
report is ready. 

Questions to discuss are 

·  Was the energy assessment project successful? 
·  Were the results what we expected? 
·  Does the reporting meet our quality standards? 
·  Were the schedules realistic and were they met? 
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·  Is the cost/benefit ratio good (money spent on assessment/saving potential that will be 
implemented)? 

·  What could be improved in follow-up energy assessment projects? 

Also the project manager should analyze the project and work toward continuous improvement: 

·  Did the team have sufficient expertise considering the requirements of the site? 
·  Did the assessment team meet the overall targets, especially the schedules in the reporting 

phase? 
·  Was the communication good before the assessment, during the assessment, and during the 

reporting phase? 
·  Did the team concentrate on the right things? 
·  What were the bottlenecks, and what worked better than expected? 
·  What can be improved in the next assignments? 

Giving the assessment team feedback on their work is usually fruitful for the next projects. 

5.6. Ongoing Commissioning 
This chapter interprets ongoing commissioning (OC) as energy assessment during building 
operation. It assumes that an assessment, as described in the previous chapters, has already 
been undertaken and, therefore, the most important ECMs have already been implemented. OC 
then has the goal to make the energy savings due to the assessment sustainable. OC is 
introduced as a tool based on regular inspections during operation to improve energy efficiency 
and to cut costs. OC is therefore considered to be the fourth level of energy assessment as already 
introduced in Figure 5. (Further readings on ongoing commissioning can be found at the end of the 
list of References). 

5.6.1. Why ongoing commissioning? 
Users request a comfortable and healthy indoor environment, but they no longer accept the 
excessive use of natural resources or pollution of the outdoor environment. The heating, 
ventilation, and air-conditioning (HVAC) industry seeks solutions to fulfill these higher 
requirements. One tendency is to leave the time of low-efficiency stand-alone products and enter a 
period of high-efficiency integrated systems. Moving from simple products to large systems 
enables one to develop more efficient and flexible solutions, but it also leads to a higher level of 
complexity. Ongoing commissioning is one of the new approaches to manage the complexity of 
today’s building and HVAC systems. The primary obstacles that impede the adoption of 
commissioning as a routine process for all buildings are lack of awareness, lack of time, and high 
perceived costs.  

The major tasks in a ongoing commissioning process are fault detection and diagnosis (FDD) and 
optimization of operation to meet the chancing user’s demands for comfort with a minimum of 
primary energy. FDD in the field of building operation is still in its infancy. The first attempts of 
systematic FDD in buildings go back to the late ’80s. Many different approaches have been tested 
theoretically or in the lab, but the systematization is missing. Furthermore, the wealth of different 
models and approaches, which have been tested positively by the scientific community, has not yet 
made it to the field. The number of commercial FDD tools that are available on the market is quite 
low, and many of the tools are still under development. However, recent research efforts have 
developed promising solutions. 

The situation with optimization is similar. We have learned to understand very well the optimization 
of stand-alone components, but we lack experience in how to optimize the whole building system; 
therefore, with many building energy management systems (BEMS)—especially if they are part of 
a facility management system—questions arise, such as 
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·  How should one consider the instrumentation level and location of essential measuring points? 
·  What can one do with the existing level of instrumentation, and what is needed for short-term 

measurements? 
·  What is the validity and performance of existing meters? 
·  Do they operate properly? 

Consequently, we have a need for energy assessment during operation. 

5.6.2. Ongoing commissioning provides energy assess ment 
technologies for energy management 

Energy management is a process that goes on over the whole life cycle of a building. Phases such 
as planning, commissioning, auditing, and operation control contribute essentials to energy 
management. 

In the context of this report, energy management means the systematic procedure of how to 
ensure permanent energy efficiency in the buildings that were visited during the energy 
assessment. 

Continuous confirmation of the energy efficiency is necessary primarily because 

·  HVAC systems, like all technical systems, have to be checked against faults and faulty 
operation (to avoid inefficiencies and wastes) 

·  Changes in building use have to be taken in account and might need changes in the definition 
of comfort and in system operation 

·  Continuous confirmation of the energy efficiency is obtained through ongoing commissioning or 
energy assessment during operation 

Rules that hold for the analysis of energy-saving opportunities are similar to those already derived 
for the energy assessment team. The team that performs the ongoing commissioning has to keep 
in mind that the aim may not be to identify all saving opportunities, but to concentrate on the low-
hanging fruit and no-cost measures. Identifying no-cost measures during ongoing commissioning 
requires knowledge about the systems and their operation. These are usually things related to 
operation schedules, set points, and operation of the energy-using systems. Identifying long 
payback measures is derived from fault detection and diagnosis. Samples are: the systems need 
thorough improvement (change of boiler, installing a new chiller with free cooling, replacement of 
windows, etc.). 

Ending up with no saving potential is even more unusual as during energy assessment. If the 
building  – e.g. after a successful energy assessment – is operated well, there may not be any 
saving opportunities without a major renovation. Again it holds that zero potential is a good result: it 
shows that everything is working as it should and the O&M staff knows what they are doing 

Thus, the main difference between energy assessment and ongoing commissioning is that through 
energy assessment one can identify ESCOs that might lead to considerable energy savings while 
through ongoing commissioning one avoids developments that need to be corrected through 
ESCOs. Consequently, there are some essential differences between standard energy 
assessment and energy assessment during operation. They include 

·  The savings cannot be proven directly. An “optimized building” cannot be improved. 
Inefficiencies and waste that are eliminated as soon as they start to appear cannot be proved 
through energy savings in bills. 

·  The potential savings (average 5–10% per year) are in the bandwidth of the usual uncertainties 
and can therefore always be argued. 
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·  The personnel to perform OC need not to be specialists, but rather are well-trained standard 
service personnel. However, it is desirable to support them by methods provided by intelligent 
energy management.  

·  Due to this, payback times for efforts in ongoing commissioning should be less than 1 year or 
less than 5% of the energy costs. 

·  The benefit of the operator is than primarily through the continuous operation of the systems 
and the continuous satisfaction of his customers. 

5.6.3. Saving potential due to ongoing commissionin g 
Ongoing commissioning avoids waste and helps to detect inefficiencies. This work has defined 
ongoing commissioning as energy assessment during building operation. We also assume that the 
building is optimized through a preceding energy assessment and that most of the identified 
energy conservation was undertaken. Thus, we consider in this sense optimized buildings and 
building operation. 

Because of changes in use, minor errors in operation, and general aging of the equipment, 
deviations between 5 and 10 percent from the optimized state occur. Ongoing commissioning 
helps to avoid these deviations and keeps operation near the optimum. Unfortunately, one cannot 
prove this in a concrete situation except if it was agreed on a baseline derived from simulation. 
Therefore, ongoing commissioning is frequently introduced as part of normal operations or as a 
follow-up measure to an energy performance contract to guarantee the promised savings over the 
duration of the contract. 

5.6.4. Implementation of ongoing commissioning 
We have identified six phases for OC: 

1. Develop the OC plan 
2. Develop performance baselines 
3. Conduct system measurements and develop OC measures  
4. Implement OC measures 
5. Document comfort improvements and energy savings 
6. Keep the commissioning ongoing 

All of them can be supported by tools. 

Following our special view on OC performance, the baseline and OC plan are the result of the 
preceding energy assessment; however, they have to be adapted to the building conditions 
whenever major changes in the building (renovation), the building technology (maintenance), or the 
building use (operation) occur. 

Thus, there remain four phases or levels that need to be supported to install and apply ongoing 
commissioning: 

1. Counters and sensors 
2. Data acquisition and data logging 
3. Data interpretation 
4. Service actions. 
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Figure 11: Four levels to install ongoing commissioning. 

Counters and sensors are necessary to collect measured data. Today they should allow remote 
inquiries on a flexible basis. Wireless sensors and intelligent counters are becoming popular 
because they avoid additional efforts for wiring work. 

The data have collected for transfer to the energy management server. This requires functionalities 
typical for a building energy management or building automation system (BEMS or BAS). If any 
such system is available, it should be used to fulfill as much as possible of the data collection task. 
If this is not possible or too expensive, simple solutions based on intelligent but cost-effective data 
loggers are available on the market. They could be implemented stand-alone (mini building 
automation system) or in connection with any of the other systems if they provide data in a 
transparent way. 

The data have not only to be collected and made consistent, but also interpreted and reported. The 
most common methods for the interpretation of monitored data are described in section 0  on 
intelligent monitoring. Samples for visualization are given in in the 1. part of the WP 6 report as well 
as in the WP 5 report. Software to perform such interpretations is included in the European tool 
package or partly available on the market both as commercial and open source. Usually these 
software packages also allow the user to generate energy reports on a monthly, quarterly, or yearly 
basis. 

To reach the goals of OC requires not only reports, but also actions; therefore, the tools should 
also support to find such actions and to initiate them by informing the responsible people. Energy 
managers can do this by evaluating the data (intelligent monitoring), but they also may be 
supported by methods called rule-based monitoring. Figure12 shows how these tools might 
become integrated into a ongoing commissioning system. 
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�
Figure12: Components of a ongoing commissioning system. 

Data acquisition and data logging 

Data acquisition and data logging are the original domains of building automation or building 
energy management systems. Building automation systems (BAS) and building energy 
management systems (BEMS) are proprietary, integrated software/hardware environments. The 
absence of BAS standardization coupled with competition for market share results in 
independent/noncompatible system development. BACnet was developed to provide an open 
(nonproprietary) protocol specification that allows building automation controllers of different 
manufacturers to communicate with each; however, BAS/BEMS still possess nonstandardized 
proprietary interfaces. Vendor competitiveness has resulted in BAS/BEMS that provide additional 
functionality for an enhanced understanding of performance. Consequently, BAS/BEMS are 
becoming more complex over time and are difficult for the average operator (given the educational 
and experience previously outlined) to understand. 

BAS focuses on system operation and includes alarm functionality for preprogrammed, important 
criteria. BEMS primarily focus on the major energy-consuming devices in a facility. Organizations 
are now realizing the benefits of using both systems. Energy managers do not have the data, 
information, and tools necessary to provide optimal results. Maintenance records, energy and 
efficiency reports, and trend analysis should be accessible to energy managers, but in many cases 
are not. If they are used correctly, measured HVAC time-series describe building performance but 
are wholly dependent on strict boundary conditions (weather, control strategies, etc.). To describe 
this situation, a minimal data set for ongoing commissioning was developed in the projects Building 
EQ and BuildWise. 

Interpretation of Monitored Data 1: Intelligent Mon itoring 

Intelligent monitoring is the most popular way to analyze measured data. The data are visualized in 
different contexts to allow people to interpret them easily. Such contexts include 

·  Comparison of yearly data from similar buildings to perform benchmarking 
·  Comparison of temperature corrected yearly data from one building and several years to 

control system development and maintenance 
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·  Comparison of temperature corrected monthly data from one building and several years to 
visualize consequences of ECMs 

·  Comparison of monthly data from one building with outdoor temperatures to prove that the 
temperature control is active 

·  Comparison of daily data from one building with outdoor temperatures to prove that weekend 
setback is active 

·  Comparison of hourly data from one building with outdoor temperatures to prove that night 
setback is active 

·  Comparison of yearly, monthly, daily, or hourly data from different units (e.g., apartments) of 
one building to make the user behavior more transparent 

·  Comparison of yearly, monthly, daily, or hourly data from different units (e.g., rooms) of one 
building unit to make the behavior of inhabitants more transparent 

Energy signatures typically display energy consumption versus outdoor air temperature. The 
characteristics of an energy signature (inclination, change points, intercepts) can be used for gross 
fault detection. 

Scatter plots, or XY plots, can help to visualize the dependency of two variables. Energy signatures 
are typical XY plots. Note that time dependency is lost in XY plots. 

Carpet plots are a special way to visualize one variable over a period of time, especially if the time 
period is long. They can be displayed for several months or even a whole year. The value of the 
variable is displayed as a color. Thus, for example, plotting an on/off control signal produces a 
typical pattern that is easy to recognize. 

Box plots (also known as a box-and-whisker diagram or candlestick chart) are a way to display 
statistical data analysis in a graphical way. 

Scatter, carpet, and box plots are especially suited for analyzing because they reveal the 
characteristics of the energy consumption and the system temperatures. 

Classical time series plots, however, are a valuable reference for a closer examination of the time 
dependency. 

Important additional features of visualization are filters and groupings. 

A selection or grouping of measured values/variables by certain variables is called a “filter” in the 
context of this chapter. An example is the selection of all measured values above a certain outdoor 
air temperature. Therefore, the behavior of the system under selected conditions can be studied 
with a filter. 

Grouping the data means that the data is divided up (grouped or split) by a certain variable (e.g., 
weekday and weekend): therefore, it is possible to compare different operational modes. 

For samples for visualizations for intelligent monitoring see WP 5 report. 

Interpretation of Monitored Data 2: Rule-based Moni toring 

Independent from its depth, each energy assessment will result in a better understanding of the 
behavior of the building and its technical systems. This can be used to formulate rules on the 
expected behavior. Such rules include 

·  Leakage control of water counter 
·  Control of maximum or minimum temperatures 
·  Control of electrical power of selected consumers 
·  Time dependent average consumption 

Differences between measured values and the rules can result in various actions. They include 
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·  E-mail or short message service to maintenance 
·  Visualization for control 
·  Activation of fault detection and diagnosis methods 

Interpretation of Monitored Data 3: Model-based Mon itoring 

If detailed models are available, we can derive from the Level II and Level III analyses more 
stringent rules for system behavior. Usually the calculation results are available in the form of a 
time series. This is similar to the measured data; therefore, one is able to compare both measured 
and calculated data to draw conclusions and to initiate actions. 

 
Figure 13. Measured and calculated consumption data and reactions. 

Monthly data are not usually sufficient to do this. Instead, at least hourly simulations should be 
used. Therefore, we are presently investigating what accuracy could be obtained if we operate a 
calculation model for the optimized building using actual weather data and the actual data of use. 

 

 

6. Energy-saving opportunities 
We have investigated government/public-owned and/or operated non-residential facilities. The 
energy assessment described in addresses major energy sources and areas of end use, including 

·  HVAC and automation systems and their operation 
·  Heat and chilled water distribution systems and central energy plants 
·  Building envelope 
·  Electrical systems 
·  Internal loads (lighting, compressed air, motors, drives, etc.) 

6.1. Special features of non-iresidential sites 
The most typical non-residetial target facilities are 

·  Office buildings 
·  Business and commercial buildings (shopping malls, hotels, shops) 
·  Schools and university buildings, laboratories, kindergartens 
·  Hospitals, home for the elderly, health care centers 
·  Barracks 
·  Sport facilities 
·  Computer centers 
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In most nonresidential buildings, the HVAC systems are fairly simple and the energy use consists 
mainly of space heating, air handling units, air-conditioning, and domestic hot water heating. 
Electricity use is mainly limited to lighting, socket loads, and HVAC systems. In hospitals, 
laboratories, computer centers, swimming halls, and ice arenas, the energy using systems are 
more complex, and there are more cross-acting energy flows to take into account. 

In cold climate conditions, space heating (to compensate for heat losses through the building 
envelope) and ventilation are the main energy consumers. In a hot and humid climate, air-
conditioning with dehumidification may be the main consumer. 

There are two ways to approach the energy problem: 

1. If the general costs are too high (or if the building needs renovation anyway) one should start a 
cost assessment and an energy assessment (as part of the cost assessment). This renews the 
processes and also (with little extra money) can achieve an energy optimization. 

2. If the energy costs are too high, there may be two alternatives: 
a. One may reduce energy costs without changing the processes, the building, or the 

equipment. This corresponds to adapting the consumption to the energy demand and 
requires long-term measurements and analyses (ongoing commissioning) to become 
sustainable. 

b. Alternatively, one may identify possibilities to reduce demand. These include redesign of 
processes, retrofitting of the building envelope, or replacing HVAC components with more 
energy-efficient ones. In this case the consumption has to be adapted to the energy 
demand after renovation Of course long-term measurements and analyses (ongoing 
commissioning) are reqired too to make energy savings sustainable. 

 

6.2. Typical areas to look for improvement 
Analysis of energy flows and balances is a useful tool to identify energy waste and inefficiencies, 
which are potential areas of energy conservation. A convenient way to present energy flows is a 
Sankey diagram. The following example was taken from the annex 46 energy and process 
assessment protokoll. It includes both building and process consumptionas was the case in the 
Demobuilding in Hagenow and considers energy and material aspects. 

It can be easily seen from this figure that the analysis of energy flows and balances is quite 
complex; therefore, it needs tools and models consistent with the selected tool and the adjustment 
of these models to the actual case. 

If detailed energy consumption data is not available, it is possible to identify and analyze potential 
wastes and inefficiencies (represented by arrows) and select corresponding sets of ECMs. 
Experienced auditors might recommend how to rank and quantify application of these ECMs. 

These diagrams provide an overall view of sources of waste and inefficiency. Heat is given off by 
equipment in thepower house. Heat is lost in the distribution systems that deliver tempered fluids to 
systems that require them. Waste is defined as use of excess energy due to a system or piece of 
equipment not performing up to its capabilities. This can be caused by poor maintenance, improper 
operation, and/or a need to replace a worn out element. Inefficient equipment can also lead to 
excessive energy use. The efficiency of the boilers results in excess energy y in the flue gases and 
blowdown water. Efficiency improvements can be accomplished by investments that add additional 
or new components to a system. These investments must be cost-effective, thus it may not be wise 
to pay more for highly efficient equipment that is seldom used.  
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Figure 14: Building energy flows (from annex46) 

If detailed energy consumption data is not available, it is possible to identify and analyze potential 
wastes and inefficiencies and select corresponding sets of ECMs. Experienced auditors might 
recommend how to rank and quantify application of these ECMs. 

Sanky diagrams also provide an overall view of sources of waste and inefficiency. Heat is given off 
by equipment in the power house. Heat is lost in the distribution systems that deliver tempered 
fluids to systems that require them. Waste is defined as use of excess energy due to a system or 
piece of equipment not performing up to its capabilities. This can be caused by poor maintenance, 
improper operation, and/or a need to replace a worn out element. Inefficient equipment can also 
lead to excessive energy use. The efficiency of the boilers results in excess energy in the flue 
gases and blowdown water. Efficiency improvements can be accomplished by investments that 
add additional or new components to a system. These investments must be cost-effective, thus it 
may not be wise to pay more for highly efficient equipment that is seldom used.  

6.2.1. Site supply systems 
Each component of the site energy systems needs to be evaluated for energy waste and 
efficiency. 

It is likely that an installation will have a power house where equipment that provides utility type 
services to the buildings and processes is located (eg. Demobuilding Hagenow). In the power 
house, there may be boilers to generate steam or hot water for the heating needs of the site’s 
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buildings and processes. Fuel is consumed in the boilers, and a percentage of the heating energy 
found in the fuel is transferred to the steam or hot water. Pumps are required to move water 
through the equipment, and fans are needed to supply air for combustion of the fuel. There may 
also be chillers in the powerhouse to cool the chilled water needed by the buildings and processes. 
Pumps are required in this system to circulate water to the buildings and to the cooling towers. 
Cooling towers are needed to release the heat removed by the chillers from the chilled water to the 
atmosphere. The power house may also have air compressors that generate compressed air for 
process needs. Heat created by compressing the air is removed by cooling towers using water 
circulated through coolers on the compressor. Table 6 lists energy waste and inefficiency for these 
systems. 

Table 6: Central power plant waste and inefficiency (from annex 46) 

System  Waste Inefficiency 
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Chillers Water flow through shut down 
equipment 

Use of constant chilled water 
temperature  

 Dirty heat exchangers Use of constant cooling tower water 
temperature 
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System  Waste Inefficiency 

 Inoperable, uncalibrated, or poorly 
adjusted controls 

Use of air-cooled chiller equipment 

 Imbalanced water flow in system Use of oversized equipment 

  Excessive energy use at part-load 
conditions 

Air 
Compressors 

Running standby dryer Use of oversized equipment 

 Leaks at gaskets, fittings, and 
valves 

Use of warm building air for 
compressors air intake 

 Dirty heat exchangers Use of refrigerated air dryers 

 Fouled air/oil separators 
 

Use of modulation-controlled air 
compressors at part load. 

 Lack of control of lubricating oil 
temperature 

Lack of compressor system control 
system 

 Failure to utilize heat from 
compressor 

Heated air greater than 150� F 
exhausted outdoors 

 Inoperable, uncalibrated, or poorly 
adjusted controls 

 

 System pressure greater than 
required by users 

 

 Dirty air filters  

 Continuous air bleeds  

 Compressed air used for cooling, 
agitating liquids, moving product, 
or drying 

 

 Providing compressed air to 
unused areas 

 

 Leaks greater than 5% of system 
flow 

 

Cooling Towers Dirty distribution nozzles  Blowdown from supply header or 
tower basin 

 Leaks and excessive blowdown Control of fans and pumps not based 
on water temperature 

 Imbalance of flow over towers Fan blades not adjusted for load or 
season 

 Splash bars and drift eliminators 
in poor condition 

No duct at fan discharge for velocity 
recovery 

  Open hot water wells or basins 

   

Water 
Distribution 

Leaks Stagnant water or piping that runs 
through unused areas 

  Once-through systems used for 
cooling 

  Use of constant speed pumps on 
variable loads 
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The site energy systems also include the distribution of the site utilities. Electricity, water, and 
sewer that interface with equipment remote from the site are included as are the distribution of 
power house–generated utilities. Electricity is used in all buildings and most processes. Electricity 
is distributed at high voltages for ease of handling and efficiency. Transformers near points of use 
reduce the voltage to that required by the process equipment. The efficiency of this operation is in 
the range of 5 to 10 percent with the loss ending up as heat. Most buildings require water; waste 
water is disposed through the sewer system. These systems sometimes need booster pumps to 
transport these fluids to their destination. Chilled and hot water distribution may also require the 
use of booster pumps on a large site where changes in elevation are dramatic. Site lighting is also 
a requirement for safety and security at night. This lighting can be accomplished by several types 
of lighting luminaires, each with their own cost and efficiency. Table 7 lists problems associated 
with these systems that result in waste or inefficiency. 

Table 7: Site lighting and utility distribution (from annex 46) 

System Waste Inefficiency 

Electrical 
Distribution 

Transformers oversized  Power factor less than 85% 

  Transformers energized on 
abandoned buildings 

  

  Transformer taps not set at proper 
settings 

  

Water & Sewer Heat trace equipment operating 
above 40� F outside temperature 

Use of high-pressure pumps to 
service a remote location instead 
of use of booster pump  

  Duplication or excessive metering 
of use  

  

  Leaks   

  Water supply to buildings no longer 
in use 

  

Chilled & Hot Water Duplication or excessive metering 
of use  

Use of high-pressure pumps to 
service a remote location instead 
of use of booster pump  

  Leaks  Excessive heat loss/gain 

  Heat trace equipment operating 
above 40� F outside temperature 

Flows with large variations 
serviced by constant speed pumps 

  Water supply to buildings no longer 
in use 

  

  Unbalanced flow to users causing 
excessive drop through control 
valves. 

  

  Excessive bypass flow in 
circulating systems 

  

Steam Leaks Excessive heat loss 

  Traps not maintained   

  Condensate receiver pumps need 
repair 

  

Compressed Air Leaks   
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Site Lighting Lights on in daytime Use of incandescent and mercury 
vapor lamps 

  Lighting too bright Use of ballasts that have a high 
power factor 

  Dirty lenses   

  Parking light operating when lot not 
in use 

  

6.2.2. Building considerations 
Buildings house the processes that the organization needs to carry out its goals, the people in the 
organization, and all the organization’s assets. The building must protect the people and processes 
from the outdoor environment and maintain the indoor environment at safe and comfortable levels. 
Environmental level HVAC and lighting systems are required to accomplish this. These systems 
interact with the building’s envelope to achieve the desired conditions. The HVAC system requires 
a well-insulated, reasonably airtight building structure to perform well. Windows placed in the 
building allows sunlight to enter, which aids the heating system but detracts from the cooling 
system performance. These windows also allow natural light to enter, which reduces the need for 
electrically powered lighting. 

An evaluation will reveal any of a number of causes of waste and inefficiencies in the HVAC and 
lighting system. Possible causes or problems with the HVAC system are listed inTable 8. Table 9 
lists common problems associated with lighting systems. 

Table 8: Causes of waste and inefficiency in building envelope and HVAC systems (from annex 
46) 

System Waste Inefficiency 

Building Envelope Cracks that allow outside air to enter Cold interior walls, floor, or ceiling due 
to inadequate insulation  

  Poor moisture barriers that allow building 
components to become wet 

Use of single-pane windows without 
storm windows 

  Door and window weather-strips lacking or in 
poor condition  

Doors to major entrances and exits 
open to the outside in cold climates 

  Operable windows that do not close properly Large clear glass windows that allow 
solar radiation to enter which would 
affect the cooling energy use 

  Doors lacking door seals Unnecessary windows or glass walls 

 Building openings or stacks that have no use   

 Broken windows, skylights, and doors  

Supply Air Handling 
System 

Inoperable, uncalibrated, or poorly adjusted 
controls 

Clean hot air/gases warmer than 200 F 
being exhausted outside 

  Duct air leaks Use of standard efficiency motors 
Motors more than 2 HP that are less 
than 85% efficient 

  Equipment operating when not needed Use of dampers or inlet vanes to vary 
airflow 

  Overheating or undercooling spaces Rewinding motors more than twice 

  Use of excessive dampers to achieve air 
balance 

No winter cooling using outdoor air 
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System Waste Inefficiency 

  Dirty filters or coils Use of a motor two sizes greater than 
required 

  Inoperable dampers Use of forward-curved fan blades 

  Loose fan belts Failure to reset temperature of 
unoccupied spaces 

  No insulation on ducts or pipes warmer than 
125� F or cooler than 60� F 

Discharging condensate water to 
sanitary sewer rather than using it for 
plant irrigation, cooling tower make-up, 
etc. 

  Frosting of the evaporator coils Use of forced-air heating in tall, large 
spaces 

 Heating and cooling space at same time Temperature stratification 

 Electric reheat systems  

 Heating or cooling unused spaces  

      

Refrigeration No insulation on cold pipes less than 60°F Use of a ir-cooled condensers 

  Low refrigerant charge Use of oversized equipment 

  Frosting of the evaporator coils   

      

Table 9: Causes of waste and inefficiency in Lighting system (from annex 46) 

System Waste Inefficiency 

Lighting System Excessive lighting resulting in space 
being too bright 

Close and detailed work occurs 
using general lighting only 

  Lighting operating when daylight is 
available  

Use of incandescent or 40-watt 
fluorescent lighting in occupied 
spaces 

 Window areas covered by curtains, 
shades, or other nontransparent surfaces.  

Use of incandescent lighting in 
occupied spaces 

  Dirty lenses that inhibit light from reaching 
areas of need 

Use of incandescent lighting in 
exit signs 

  Lighting operating during unoccupied time 
periods 

Use of fluorescent lighting having 
magnetic ballasts 

  Outdoor air lighting operating during the 
day time 

Walls and ceiling painted dark 
colors that absorb light 

    High lighting power input with 
little light output (the lumen per 
watt ratio is poor) 

Common building envelope problems are 

·  Excessive solar gains through the roof and glazing 
·  Drafts through cracks in building fabric (heat losses in winter and gains in summer) 
·  Large unprotected apertures (e.g., doors) left open for traffic coming in and out of the building 
·  Unprotected entrance doors connected to the air-conditioned spaces, kept open with human 

traffic entering the building before and after shifts 
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·  Poorly insulated roof, walls, large doors, or single-pane windows 

These problems result in energy waste for heating and cooling, a health hazard in winter due to 
drafts and low temperature, and reduced productivity due to low or high working space air 
temperature. 

The ventilation system for the building provides fresh air for the occupants and to satisfy 
any process needs. Air is removed from the building to exhaust unwanted odors, process 
contaminants, and gases. The supply air is heated or cooled to provide a comfortable 
building environment. Often, slightly more supply air is brought into the building than what 
is exhausted to provide a small positive pressure. This positive pressure reduces the 
amount of outside air that infiltrates into the building through cracks in the building 
envelope. The result is a proper building air balance. Table  lists several things to evaluate 
in evaluating a ventilation system for waste and inefficiencies. 

Table 10: Causes of waste and inefficiency in Ventilation system (from annex 46) 

System Waste Inefficiency 

Ventilation System Use of excessive dampers to 
achieve air balance 

Clean hot air/gases warmer than 
200� F being exhausted outside 

 Loose fan belts Use of standard efficiency motors, 
motors more than 2 HP that are 
less than 85% efficient 

 Equipment operating when not 
needed 

Use of dilution ventilation in 
processes that could use a hood to 
capture the contaminants 

 Air movement greater than 100 
FPMnear exhaust hoods 

Excessive natural ventilation in 
winter such that cold drafts on 
people exist 

  Use of conditioned air for hood 
make-up air 

6.2.3. Building Energy Management System (BEMS) 
Consider the instrumentation level and location of essential measuring points. What can one do 
with the existing level of instrumentation, and what is needed for short-term measurements? What 
is the validity and performance of existing meters? Do they operate properly? 

Building management systems (BMS) and an Building energy management system (BEMS) are 
proprietary, integrated software/hardware environments. The absence of BMS standardization 
coupled with competition for market share results in independent/noncompatible system 
development. BACnet was developed to provide an open (nonproprietary) protocol specification 
that allows building automation controllers of different manufacturers to communicate with each). 
However BMS/BEMS still possess nonstandardized proprietary interfaces. Vendor competitiveness 
has resulted in BMS/EMS that provide additional functionality for an enhanced understanding of 
performance. Consequently, BMS/EMCS are becoming more complex over time and are difficult 
for the average operator (given the education and experience previously outlined) to understand. 

BMS focus on system operation and include alarm functionality for preprogrammed important 
criteria. BEMS primarily focus on the major energy-consuming devices in a facility. Organizations 
are now realizing the benefits of using both systems. Energy managers do not have the data, 
information, and tools necessary to provide optimal results. Maintenance records, energy and 
efficiency reports, and trend analysis should be accessible to energy managers, but in many cases 
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are not. If they are used correctly, measured HVAC time series are descriptive of building 
performance, but they are wholly dependent on strict boundary conditions (weather, control 
strategies etc. 

6.2.4. Building Automation Systems – BAS 
The situation is even worth with building automation systems. This was clearly shown through the 
demonstration buildings 

Reasons are 

·  Typically, additional installations of sensors or an enhancement of the Building  Automation 
System (BAS) is necessary to record the minimal data set 

·  The investment cost (sensors + data storage/transfer) for bigger non-residential buildings is 
in the order of 10-20% of the yearly energy cost 

·  The actual cost is highly dependent on the individual building (e.g. long distances for wiring 
can increase the cost dramatically) 

·  An existing BAS can be advantageous only if necessary sensors are already installed. But 
even in this case an enhancement (prepare database and data transfer) can be costly 

·  If most of the sensors has to be installed, a separate data logger often is more economic 

·  Currently, the link between EPBD and ongoing commissioning is weak 
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