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ABSTRACT

The EPBD prescribes an energy performance certificate for buildings. According to the national
implementations of the EPBD for non-domestic buildings the specific data of the building will be
gathered during the certification process and combined into a multi zone model describing building
and building systems from an energetic point of view. Such a model can not only be used for
certification but also contains valuable information for a continuous evaluation of the energy
performance of the building (continuous commissioning).This paper describes the concept developed
at ennovatis and gives first results of its application.
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INTRODUCTION

The EPBD prescribes an energy performance certificate for buildings. According to
the German implementations of the EPBD for non domestic buildings (kernel DIN
18599, multi zone model with monthly time intervals) the specific data of the building
will be gathered during the certification process and combined into a multi zone
model describing building and building systems from an energetic point of view.

Such a model can not only be used for certification but also contains valuable
information for a continuous evaluation of the energy performance of the building
(continuous commissioning) and therefore can serve as one of the bases for
sustainable energy management.

ENERGY MANAGEMENT SYSTEMS - PRESENT AND FUTURE NEEDS

The primary benefit of an energy management system (EMS) is to assist facility
operators, owners, and other decision makers to manage energy use of buildings. An
EMS helps operators and energy managers understand the energy use patterns of
their building or buildings, including issues such as:

* Timing and magnitude of peak electric demand
Daily load shapes for electricity, heat and water
Historic baseline energy use
Unexpected operation schedules
Cost variations by hour, day, week, month, and year



In a recent German study (Marktspiegel 2005) 27 German EMSs were compared.
This comparison reveals that real-time or daily updating of hourly energy
consumption data allows users to evaluate building performance issues that have
been difficult to observe. It also enhances the retro-commissioning process. Since
most EMS products provide real-time or daily updates of hourly trend data, facility
operators can check the impact of an operational strategy immediately following or
within a day of the operation. In the absence of an EMS, an impact evaluation would
have to be postponed until the monthly utility bill arrived. An EMS also allows facility
operators to see the hourly detail of the impact, whereas a monthly utility bill would
show only the monthly data.

These findings are similar to the ones reported in a survey on energy information
systems including energy management systems which was performed in 2003 at
LBNL (Motegi, et al.). This survey included Enterprise Energy Management Systems
(EEM comparable to EMS in the German study) as well as Energy Management and
Control Systems (EMCSs).

EEM products are most popular as part of facility management systems. Usually they
are used to compare and benchmark energy use among a portfolio of sites by
plotting energy-use data for multiple buildings and normalizing by area or weather.
These normalized comparisons allow operators and energy managers to determine
how buildings compare to each other. They also indicate if a month, day, or hour has
high energy-use or unusual operation relative to a baseline. If checked by an expert
on a routine basis they support operating people to detect major errors in operation
and to select candidates for energy conserving measures. Samples of visualizations
in EEMs can be found on the KENWO homepage under "online data".

On the other hand EMCSs are control systems to optimize operations of end-use
equipment, usually HVAC, through a series of sensors, communications, and
controllers. Unfortunately, EMCS data are rarely utilized for optimizing operations,
mainly because they do not have adequate data analysis infrastructure. The main
limitation of many EMCS products is the lack of interoperability among building
systems.

Today’s building systems are becoming increasingly complex, integrating the needs
of HVAC systems, lighting systems, and on-site electricity generation. EMS products
have to reflect this. But presently they only can provide graphics to analyze time-
series data to help facility operators analyze their building systems. But such
activities are time-consuming. Also these systems cannot actually diagnose,
determine baselines or even prepare decisions. In addition experts who are able to
evaluate consumption patterns under actual metrological and usage conditions are
becoming rare compared to the strong evolvement of EMS use. These are the
common limitations of EMS in general. Therefore a demand arised for tools which
support the energetic optimization of building operation in an intelligent but pragmatic
way. Thus new tools to support interpretation of consumption data are necessary.

USE OF MODELS TO IMPROVE ENERGY MANAGEMENT

Such tools have to be model based. However to predict consumption with models is
almost impossible. Reasons for uncertainties are:

* The meteorological conditions are not known in advance.

* Changes in usage or changes in user behavior can not be predicted.



* Changes in system operation due to system faults or uncontrolled operation
are not foreseeable.

Therefore in the past benchmarking consumption developed as a substitute
which allowed crude estimates for consumption goals. However due to the advance
of simulation technology we now are able to calculate energy demand for a building
under real conditions with a high time resolution (e.g. hourly) and with only a very
short delay compared with the real consumption (we call these results actual
demand). The data describing actual demand can be used to determine consumption
goals for a building under actual usage conditions and will support us to interpret
measured consumption.
A model to determine actual demand on a hourly basis should allow to model the
building through several zones and requires metrological, usage and operational data
on a hourly basis. To generate and operate such models was relatively expensive in
the past and could not be done on a routinely basis.

MODELLING A BASELINE FOR CONSUMPTION - ACTUAL DEMAND

Two recent developments changed this situation:
* The development of a cost effective data logging device: ennovatis Smartbox
* The introduction of multi zone models through the EPBD
The ennovatis Smartbox was developed in the frame of the project KENWO. It allows
to collect all energy supply and energy control data which are necessary to allow a
modern energy management in all kinds of buildings including those without DDC.
The basic technical data of the ennovatis Smartbox are given in Figure 1.
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Figure 1: ennovatis Smartbox with input and output options

The data are collected in an automatic and independent way and can be transferred
to a central server for archiving, evaluating or reporting by various means. Thus the
ennovatis Smartbox can be integrated into almost every environment to provide
missing functionalities on a very cost effective basis.

The data can be evaluated easily using ennovatis Controlling or any other
visualization tool. Samples of data collected and some ways for reporting can be
viewed on the KENWO homepage under "online data".



The EPBD prescribes an energy performance certificate for buildings. According to
the German implementations of the EPBD for non domestic buildings (kernel DIN
18599, multi zone model with monthly time intervals) the specific data of the building
will be gathered during the certification process and combined into a multi zone
model describing building and building systems from an energetic point of view. Such
a model can not only be used for certification but also contains valuable information
for a continuous evaluation of the energy performance of the building (continuous
commissioning) and therefore can serve as one of the bases for sustainable energy
management.

To reach this goal the multi zone model has to be supplemented with continuous and
cost-effective monitoring (preferably with hourly time resolution) and with tools for
evaluating the building performance and to derive measures to improve it. The
metering and measurement data then can be interpreted using the building model to
perform simulations with hourly time intervals. Both monitoring and simulation are
seen as a prerequisite for the persistence of high energy performance of buildings.
To be applicable for practical use the data in the system have to describe the building
and its actual performance consistently and the analyses have to be very cost
effective. This can be achieved by minimizing efforts for data acquisition (e.g. by
avoiding multiple and tool dependent input data collection), standardization of data
exchange (e.g. through a data base supported building model) and by providing
general agreed means for data evaluation and representation.

CONCEPT FOR SUSTAINABLE ENERGY MANAGEMENT BASED ON THE EPBD

As a minimum of data to be collected we recommend

* Consumption data for all media including water from all counters in a building

* The outdoor temperature from a typical location

* Selected indoor temperatures for both rooms and/or the heating system
Additional data should be included if available.
To evaluate the consumption data through a model we correlate data from different
sources including those from simulations. The simulations could be based on the
building description derived for the EPBD.
To compare demand and consumption we have to modify the demand calculation by
including

* the real metrological data

* the actual profiles for utilization and operation
and by switching to an hourly time resolution.
If simulated and measured data show differences we have a strong indication for a
poor operation of the energy providing systems.
Now a more detailed analysis is necessary to find the causes for this. Availability of
both measurements and simulations with hourly resolution patterns might be helpful
to detect ways and means to reduce consumption. Samples are:

* Water consumption as a measure for the number of people utilizing a building

during the measurement period
* Heating energy consumption as an indication for missing setbacks or
operations during times no or less energy is needed
* Indoor temperature as a measure for missing control
* Differences in demand and consumption as an indication of poor operation



APPLICATION OF THE CONCEPT

Due to the delay in the legal implementation of the EPBD in Germany the
implementation of the DIN 18599 was delayed too. However a simplified version was
implemented by IBP-FhG in an Excel sheet (to be downloaded from the IBP-FhG
homepage). This sheet was used from Ener-tec to prepare an energy analysis for the
town hall of the city of Essen (see Figure 10) ennovatis will use the same building to
validate its integration of the IBP DIN 18599 kernel into the VEC environment. We
have already modeled the building using the VEC tools. The result can be seen in
Figure 10 too.
From Ener-tec’s work we take the following information

* The building went into operation in 1979
The floor space considered was 66769m2
The energy sources are district heating and electricity
The building was modelled through 7 zones
The energy demand was calculated as 148.7 kWh/m2a
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Figure 2 Town hall of the city of Essen and 3D model for demand calculation

In TABLE 1we split the demand into some major contributions and compare it with
degree day corrected consumption values. This is a very nice example for the
problems related to evaluations based on averaged values.

TABLE 1
Comparison of demand and consumption

Demand kWh/m’a | Demand kWh/m’a | consumption kWh/m’a
Heating 108,3 108,3 123,1
Hot water 4,1 4,1 2,6
Lighting 12,6
Ventilation 17,8 36,3 107,3
Air conditioning 5,9

The very high differences in demand and consumption of electricity indicate some
major problems in understanding the usage and the operation of the building. With
this in mind we conclude that the relative good agreement between heating energy
demand and consumption is rather random and the result of several errors which




cancel each other out. Again a more detailed analysis as proposed in this paper is
necessary to derive meaningful measures to reduce energy losses and to increase
energy efficiency of the building. This analysis should be based on both more
detailed measured data and a more realistic description of both the user behaviour
and the system operation.

As we have seen before such a more detailed analysis can be performed easily with
the ennovatis tools once a realistic multi zone model of the building is available. First
experiences in this exercise revealed that developing the model for such a complex
building took only about 30 h for an experienced modeler. Thus all major
investigations can be performed in less than one week. This corresponds to a time
effort of about 2 sec/m2 or a cost effort of 0,03 €/m2

CONCLUSIONS

In this paper we presented a concept to perform commissioning and energy
management based on the Energy Performance Building Directive (EPBD). The
concept uses hourly measurements of consumption data for heat, electricity and
water and selected internal and external temperatures. Patterns are used to detect
major deficiencies in operation. Simulations based on a multi zone model as defined
in the German implementation of the EPBD (DIN 18599) allows to derive
consumption goals for the building and supports energy managers to better
understand measured consumption data and to improve energy efficiency.
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