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PREFACE

Internationzal Energy Agency

The International Energy Agency (IEA) was established in 1974 within the framework of the
Organization for Economic Co-operation and Development (OECD) to implement an International
Energy Programme, A basic aim of the IEA is to foster co-operation among the twenty-one JEA Parti-
cipating Countries to increase energy security through energy conservation, development of alternative
energy sources and energy research development and demonstration (RD&D). This is achieved in part
through a programme of collaborative RD&D consisting of forty-two Implementing Agreements, con-
taining a total of over eighty separate energy RD&D projects.  This publication forms one element of
this programme.

Energy Conservation in Buildings and Community Systems Programme

The IEA sponsors research and development in a number of areas related to energy. In one of
these areas, Energy Conservation in Buildings and Community Systems (BCS), the IEA is sponsoring
various exercises to predict more accurately the energy use of buildings, including comparison of exist-
ing computer programs, building monitoring, comparison of calculation methods, as well as air quality
and studies of occupancy. Seventeen countries have elected to participate in this area and have desig-
nated contracting parties to the Implementing Agreement covering collaborative research in this area.
The designation by governments of a number of private organizations, as well as universities and
government laboratories, as contracting parties, has provided a broader range of expertise to tackle the
projects in the different technology areas than would have been the case if participation was restricted
to governments. The importance of associating industry with government sponsored energy research
and development is recognized in the IEA, and every effort is made to encourage this tend.

Overall control of the programme is maintained by an Executive Committee, which not only
monitors existing projects but identifies new areas where collaborative effort may be beneficial. The
Executive Committee ensures that all projects fit into a pre-determined strategy, without unnecessary
overlap or duplication but with effective Liaison and communication. The Executive Committee has ini-
tiated the following projects to date (completed projects are identified by *).

Amnex 1: Load energy determination of buildings *

Annex 2: Ekistics & advanced community energy systems *
Annex 3: Energy conservation in residential buildings *
Annex 4:  Glasgow commercial building monitoring *
Anpex 5:  Air infiltration and ventilation centre

Annex 6;: Energy systems and design of communities *
Amnex 7: Local government energy planning *

Annex 8: Inhabitants behaviour with regard to ventilation *
Annex 9: Minimum ventilation rates *

. Annex 10: Building HVAC system simulation *

Annex 11: Energy auditing *

Annex 12: Windows and fenestration *

Annex 13: Energy management in hospitals *

Annex 14: Condensation and energy *

Annex 15: Energy efficiency of schools *

Amnex 16;: BEMS 1 - User interfaces and system integration
Annpex 17: BEMS 2 - Evaliation and emulation techniques
Annex 18: Demand controlled ventilating systems

Annex 19: Low slope roofs systems

Annex 20: Air flow patterns within buildings

Anmex 21: Calculation of energy & environmental performance of buildings
Annex 22: Energy efficient communities

Annex 23: Muitizone air flow modelling

Annex 24: Heat, air & moisture transport in new and retrofitted insulated envelope parts
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Annex 25: Real time simulation of HVAC systems and fault detection
Annex 26: Energy-efficient ventilation of large enclosures

Annex 27: Evaluation and demonstration of domestic ventilation systems
Annex 28: Low-energy cooling systems

Annex 21: Calculation of Energy and Environmental Performance of Buildings

The objectives of Annex 21 are t0:

1)  develop quality assurance procedures for calculating the energy and environmental performance of
buildings by producing guidance on:
. program and modelling assumptions
. the appropriate use of calculation methods for a range of design applications
. the evaluation of calculation methods

2)  establish requirements and market needs for calculation procedures in building and environmental
services design;

3)  propose policy and strategic direction for the development of calculation procedures;

4)  propose means to effect technology transfer of calculation procedures into the building and
environmental services design profession.

The subtasks of this project are:

A. Documentation of Existing Methods

B. The Appropriate Use of Models .

C. Reference Cases and Evaluation Procedures

D. Design Support Environment

The participants in this annex are: Belgium, France, Germany, Italy, the Netherlands, Switzerland and
the United Kingdom. Canada, Finland and Sweden also participated in the early part of the project. In

addition, Finland, Spain, Sweden and the United States participate in Subtask C as a collaborative
research activity between Task 12 Subtask B of the IEA Solar Heating & Cooling Programme.

The UK Building Research Establishment acts as Operating Agent of BCS Annex 21.

Solar Heating and Cooling Programme

Initiated in 1977, the Solar Heating and Cooling (SHC) Programme was one of the first IEA R&D
agreements. Its objective is to conduct joint projects between the 20 member countries to advance solar
technologies for buildings.

A total of eighteen projects or "Tasks" have been undertaken since the beginning of the Pro-
gramme. The overall programme is managed by an Executive Committee composed of one representa-
tive from each of the member countries, while the leadership and management of the individual Tasks
is the responsibility of Operating Agents. These Tasks and their respective Operating Agents are (com-
pleted projects are identified by *, tasks in planning stage are identified by #):

Task 1: Investigation of the performance of solar heating and cooling systems - Denmark *
Task 2: Co-ordination of research and development on solar heating and cooling - Japan *
Task 3: Performance testing of solar collectors - United Kingdom *

Task 4: Development of an insulation handbook and instrument package - United States *
Task 5: Use of existing meteorological information for solar energy application - Sweden *
Task 6:  Solar heating, cooling, and hot water systems using evacuated collectors - United States *
Task 7:  Central solar heating plants with seasonal storage - Sweden *

Task 8: Passive and hybrid solar low energy buildings - United States *

Task 9:  Solar radiation and pyranometry studies - Germany *

Task 10: Material research and testing - Japan *

Task 11: Passive and hybrid solar commercial buildings - Switzerland *
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Task 12: Building energy analysis and design tools for solar applications - United States
Task 13: Advanced solar low energy buildings - Norway

Task 14: Advanced aciive solar systems - Canada

Task 15: Advanced ceniral solar heating plants #

Task 16: Photovoltaics in buildings - Germany

Task 17: Measuring and modelling spectral radiation - Germany

Task 18: Advanced glazing materials - United Kingdom

Task 19: Solar air systems - Switzerland

Task 20: Solar retrofit systems - Sweden

Task 12; Building Evergy Analysis and Design Tools for Solar Applications

The scope of Task 12 includes:

(1) selection and development of appropriate algorithms for modelling of the interaction of solar
energy-relaied materials, components, and systems with the building in which these solar ¢lements
are integrated;

(2) selection of analysis and design tools, and evaluation of the algorithms as to their ability to model
the dynamic performance of the solar elements in respect of accuracy and ease of use; and

(3) improvement of the usability of the analysis and design tools, through preparation of common for-
mats and procedures and by standardization of specifications for input/output, default values, and
other user-related factors.

The subtasks of this project are:

A)  Model Development

B} Model Evaluation and Improvement

C) Model Use

The participants in this tagk are; Denmark, Finland, Germany, Norway, Spain, Sweden, Switzerland,
and the United States. In addition, Belgium, France, Italy, and the United Kingdom participate in Sub-
task B as a collaborative research activity between Annex 21 Subtask C of the IEA Energy Conserva-
tion in Building and Community Systems Prograrm.

Architectural Energy Corporation serves on behalf of the US Department of Energy as Operating Agent
of SHC Task 12.
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Overview

This Volume describes part of the empirical validation work undertaken under the
auspices of the group formed by combining International Energy Agency (IEA) Building and
Community Systems (BCS) Annex 21 Subtask C and IEA Solar Heating and Cooling (SHC)
Task 12 Subtask B.

The work was directed by the UK Building Research Establishment (BRE), and managed by
the Environmental Computer Aided Design and Performance (ECADAP) group in the School
of the Built Environment at De Montfort University Leicester, and by the Energy Monitoring
Company (EMC), Newport Pagnell, UK. The latter two participated via sub-contracts from the
BRE.

This Volume is part of a 3-Volume set, produced by the UK participants:

Volume 1: Final Report

Volume 2: Empirical Validation Package

Volume 3: Working Reports
This empirical validation work complements the work using other evaluation techniques under-
taken within the IEA BCS Annex 21/ SHC Task 12 group. These activities resulted in the
production of a set of Building Energy Simulation Tests (BESTESTSs), based on inter-model
comparisons. These tests, based on domestic scale buildings, are structured such that reasons
for a program not properly predicting a building’s performance can be diagnosed. Other tests
based on intermodel comparisons relate to commercial buildings. Some work was also under-
taken 10 develop analytic tests.

The Working Reports

This Volume is a collection of reports which were used in IEA BCS Anmnex 21 / SHC
Task 12 between March 1992 and September 1993 to evaluate the predictions from over 25
combinations of detailed thermal simulation program and user, The reports are repreduced
without modification as they were distributed to the participants in the exercise.
- Availability of data for validating dynamic thermal simulation programs of buildings
- TIEA SHC Task VIII Empirical Validation: A critical appraisal
- Summary and appraisal of high quality data sets in the UK

- Examples of Newssheets

Three other reports which were also distributed during the exercise (Site Handbook, Validation
Guidebook and Quality Assurance Report) are not reproduced in this Volume. They were, with
some updates and modifications, consolidated to form Volume 2 (Empirical Validation Pack-
age) of the 3-Volume set describing the work.










Sumpary As part of an SERC/BRE sponsored exercise to develop tools
for validating dynamic thermal models, Leicester Polytechnic undertook
a review and evaluation of monitored structures to identify data sets
suitable as the basis for empirical wvalidation tools. This was
subsequently extended thanks to BRE support. Over 580 monitored
buildings located throughout the world, were classified and assessed;
all had preduced hourly building performance data and had associated
weather data. Data from only 27 structures., located at 8 sites in
Europe and the USA were deemed to be of sufficiently high quality that
they could be used for validating a wide range of complex dynamic, and
simpler, thermal models. This Note gives an overview of the evaluation
procedure, the types of data available and the major conclusions of the
research.

Availability of Data for Validating Dynamic Thermal Simulation Programs
of Buildings.

K J Lomas, BSc, PhD, CEng, MinstH

1. Introduction

Leicester Polytechnic was one of four UK institutions collaborating in
the joint Science and Engineering Research Council (SERC) and Building
Research  Establishment (BRE) project; ‘An investigation into
analytical and empirical validation techniques for dynamic thermal
models of buildings’, Bloomfield!. This group was interested in models
which predict the dynamic {(hourly) variations in plant loads and energy
flwes rather than those which are aimed at simulating HVAC or active
solar systems. Such programs are often termed ‘building 1load’ or
‘building envelope models’. It is programs of this type which are the
subject of this Note. The group worked with ESP, SERIRES, and HTB2.
The primary thrust of the work at Leicester Polytechnic was to generate
tests (or tools) based on Empirical Validation, that is, the comparison
of medel predictions with data collected from monitored buildings.

To be of real value, these validation tools should be capable of
revealing ‘internal errors’ in the programs themselves, such as
inappropriate simplifications of the real world, invalid mathematical
approximations and coding errors. To do this, it is necessary to
minimise ‘external errors’: in the data input to the programs; in the
measurement of the buildings thermal behaviour; and in the procedure
used to compare measured and predicted values. This, however, is no
easy task, indeed, in a recent review? the author of this note
concluded that: "the presence of external errors {and the consequent
uncertainty in model predictions) has meant that none of the empirical
validation studies undertaken using ESP, SERIRES, DEROB and BLAST would
have produced conclusive evidence of internal errors in the models
themselves"” and that "only the highest qualify building construction
and data-gathering techniques can hope to produce conclusive evidence
of internal errors in dynamic thermal models™. An exhaustive search
and evaluation procedure was therefore undertaken to try and uncover
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data sets which would enable a suite of validation tools to be
generated covering the widest possible range of building types, modes

of operation and climatic types. The work has been documented in
detail elsewhere?®,?. The aim of this Note is to give an overview of

the four phase evaluation procedure, the data sets available, the
information about each data set which has been collated and the overall
conclusions of the research. It also covers data sets developed more
recently in the UK.

2. Phase 1: .Identifying Acceptable Data Sets

in Phase 1, preliminary acceptance criteria were devised to eliminate
data sets which could not be of value for wvalidating any dynamic
thermal program.

Criterion 1 : Structures must not include operative active solar
space heating or cooling systems.

Criterion 2 : The weather data must have been collected at the
site of the building.

Criterion 3-: The measured building performance data, and the
weather data. must be available at hourly, or more
frequent intervals.,

Only data sets which fulfilled all three criteria were considered as a
possible basis for empirical validation tools. These were termed as
tAcceptable Data Sets’.

3. TPhase 2: 'The Search for, and Classification of, Acceptable Data
Sets

In Phase 2, the widest possible range of Acceptable Data 8Sets were
identified using a variety of methods. These included:

(i) interrogating 14 computerised literature data bases;

{ii} a questionnaire survey of the 21 members of the International
Energy Agency Executive Committee for Buildings and Community
Systems;

{iii) visits to data collection sites in the UK and North America;
and

{iv) an ' extensive search of other standard sources, conference

proceedings, journals etc.

The search revealed 599 different structures from which acceptable data
had been gathered. As most of these had been monitcred in a variety of
configurations and modes of operation and under different weather
conditions, the total mumber of Acceptable Data Sets was very much
larger. Detailied information was sought for 231 of these structures.
Based on the limited information to hand at the time, these were
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thought likely to have yielded the best data. The details of the 231
structures were classified and tabulated individually? ,4.

The remaining 368 sgstructures were either residences or commercial
buildings which had been monitored at, what is commonly known in the
USA, as the Class B level. At this level, the basic ‘building system
level’, parameters such as internal temperatures and power consumptions
are recorded but not ‘mechanism level’ data {i.e. the temperatures and
heat fluxes which permit validation of individual program algorithms).
These 368 structures were evaluated in Phases 3 and 4 based on their
common group characteristics.

The 231 classified buildings ranged in size from Im® boxes through to

very large multistorey commercial buildings, sc six structural
categories were devised. Data from structures in all six categories
have been used for program validation. In general. the structures

increase in complexity from Category 1 - Test Cells, to Category 6 -
Commercial Buildings.

The detailed reports?,* provide the following information:

{a) an overview of the structures in each category, including their
location, the purpose for which they were monitored, and an
appraisal of the strengths and weaknesses of the data;

{b} photographs depicting structures which typify those in each
category;

(c) detailed tabular information about each data set with further
textural information where necessary.

The tables are the key to the classification process. They contain the
same type of information about each structure to the same level of
detail.

(i} General information about the imstitution responsible for the
monitoring and the name and location of the experimental
facility.

{ii) A description of the building, its constructional features,

the mode of operation (the heating, cooling and venting
strategy) and where appropriate, the type of occupancy, the
number of rooms. the number of storeys and the plan area.

{iii) Details of the monitoring such as the recording period, the
climatic and building response parameters recorded., and the
media on which the data was stored.

{iv} The source references describing the experiments, the purpose
of the monitoring and the uses which have been made of the
data. Any usage of the data for empirical validation,
especially by persons other than those who undertook the
monitoring, is identified.

_3-




The compilation of information is thought to be the largest of its type
ever assembled. In this Note it is only possible to give a brief
overview (Table 1) and quantification (Table 2) of the structures in
each category.

1, Phase 3: Identifying Useful Data Sets

In this phase, criteria were derived to identify data sets which
appeared to have deficiencies rendering them unsuitable for validating
any dynamic thermal program. (The criteria were not therefore specific
to any particular dynamic thermal program or group of such programs).
The data sets which pass these criteria were termed ‘Useful Data Sets’.

In the course of compiling the information about Acceptable Data Sets,
details of over 130 exercises involving comparisons between measured
data and values predicted by thermal programs, of varying complexity,
were examined. In the vast majority of these exercises, a small number
of factors were repeatedly highlighted as sources of major uncertainty.
One or more of these external errors posed problems irrespective of the
program being used and the type of structure from which the data had
been collected.

The ecriteria were devised to eliminate data sets with these sources of
external error.

Criterion 4 : All three major elements of the weather, air
temperature, wind speed, and the direct and diffuse
components of solar radiation, must be measured at the
site of the building for the whole comparison period.

Criterion 5 : The structure must be unoccupied, it must not contain
design features which cannot be explicitly modelled and
each zone in the building must have independent heating
and/or cooling plant and controls.

Criterion 8 : Measured infiltration and, where appropriate, interzonal
air flow rates, must be available for the whole
comparison period.

As the plant and air flow modelling capabilities of dynamic thermal
programs develop it should be possible to relax the restrictions
imposed on the heating/cooling regimen (criterion 5) and the air flow
date {criterion 6) so that currently unacceptable data sets may become
Useful.

At this stage., only data sets which definitely failed any one of the
criteria were rejected (published sources of information often lacked
crucial details). In total, 100 of the 231 individually tabulated
structures and 33 of the structures assessed on the basis of their
group characteristics definitely passed the criteria. (Table 2)

Data sets from Residences and Commercial Buildings suffered a higher
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than average rejection rate; in fact, none of the Commercial Buildings
pasged all the criteria.

Since care was ftaken to try and avoid bias towards structures of a
particular type or from a particular part of the world, it is
reasonable to assume that the data sets examined are a representative
{and large) sample of all those which have been gathered. It may be
concluded, therefore, that of all the data sets which appear to be
Acceptable for validating dynamic thermal load calculation programs,
only about 20% are actually likely to fulfil this purpose. This 1is
unfortunate particularly as meny of the data sets which did not pass
the criteria were gathered from experiments in which a major objective
was to generate data suitable for program validation.

The main reason for the high failure rate stems from a conflict between
the objectives of experiments where data was gathered for more than cne
purpose; there were many experiments of this type. It is clear that
the limitations imposed by validation needs are, in general, far more
stringent than those imposed by other objectives, e.g. building or
component testing, energy use or energy saving evaluation, or thermal
comfort assessment. Therefore, if data sets are to be used for program
validation, the experimental constraints imposed by +this objective
should be given the highest priority. Any other approach is highly
likely to produce data which will fail to fulfil this aim.

5. Phase 4: Identifying High Quality Data Sets

In Phase 4, the aim was to select, from the Useful Data Sets, those
which were most appropriate as the basis for validation tools. The
programs used in the SERC/BRE research programme were deliberately
chosen to cover a wide range of modelling capabilities and they are
very demanding in their input requirements. Therefore, data sets which
satisfy all three of these programs are likely to be of use for
validating many other programs as well, especially simpler programs.
Conversely, it may be possible to use a useful data set (one which
fails the Phase 4 criteria) to evaluate less demanding programs.

Criteria were devised and applied to the Useful data sets, and those
which definitely passed these new criteria were termed ‘High Quality
Data Sets’.

Criterion 7 : The structure must not <contain features, or
environmental control systems, which cannot he modelled
explicitly by ESP, HTBZ2 or SERIRES.

Criterion 8 : The data medium must be of a type which is readily
usable, and close liaison with +the monitoring
institution must be possible.

Criterion 8 : Data which, 'due to external errors, has introduced
unacceptable uncertainty into previocus validation work,
must not be used.




The Phase 4 criteria eliminated all the remaining structures except for
test cells and experimental buildings at just eight sites in Europe and
North America (Table 2). These 27 structures were therefore deemed to
have produced data sets which were of sufficiently high quality that
they are likely to be suitable as the basis for widely applicable
empirical wvalidation tools.

For use in the BRE/SERC projects, data was acquired from test cells in
Peterborough {monitored by the Polytechnic of Central London)} and the
Passive Solar Test Facility experimental buildings (monitored by

National Bureau of Standards in Washington DC). These data sets are
now being used to empirically validate the dynamic thermal programs at
Leicester Polytechnic. Comparisons between these data and the

predictions of the programs are the subject of other publications.
6. Conclusions

1. A four phase methodology has been devised to identify data sets
suitable for validating dynamic thermal simulation programs. The
classification procedure will also be useful to those who assess
hourly on-site weather and building performance data for many
other purposes.

2. An extensive literature search revealed over 599 structures which
have been monitored in such a way that the data could be wvaluable
for wvalidating dynamic thermal simulation programs. These

structures, located throughout the world, were all monitored in
the last twenty years. They covered a wide variety of built forms
and modes of operation. The structures were divided into six
distinct categories and 231 of them are described in detail. This
is thought to be the largest compilation of this type every
assembled.,

3. Reference material, describing over 130 exercises in which thermal
models have been compared with measured data, has been examined.
In the vast majority of these exercises, the presence of a few,
easily-identifiable, sources of external error has severely
undermined the value of the work, irrespective of the model being
used, or the type of building from which the data were acquired.

4, Criteria have been devised to exclude data sets which contain
external errors which prevent them being useful for validating any
dynamic thermal model. Only about 20% of the data sets reviewed
passed these criteria, although many had been gathered for
validation purposes. In future, monitoring experiments should be
much more carefully conceived and executed if the data is to be of
value for validating dynamic thermal programs.

5. The limitations imposed of experimental designs by the

requirements for validating dynamic thermal simulation programs
are, in general, far more stringent than those imposed by any other
monitoring objectives. Therefore, if data sets are to be used for
program validation the constraints imposed by this objective should be
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given the highest priority. -

6.

Data from only eight sites in Europe and the U.S.A. appeared to be
of sufficiently high quality to enable an accurate evaluation of
the predictive ability of three of the programs that were used by
the SERC/BRE validation group, namely, ESP, SERIRES and HTB2.
Data from the Polytechnic of Central London Test Cells and the
U.S. National Bureau of Standards Passive Solar Test Facility were
acquired as the basis for developing tools for empirical
validation.

There are very few well documented high quality data sets suitable
for wvalidating dynamic thermal programs. in particular, there
appear to be no such data from multi-zoned structures located in
Western Europe.
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1.

Introduction

This report reviews a previous internaticnal emwpirical wvalidation
programme of work (IEA Task VIIT) and explores the potential for future
international collaborative validation work. The report has four main

parts.

(1) To Dbriefly describe the possible aims and objectives of
empirical validation exercises (Section 2) and give the
criteria which must be fulfilled for empirical wvalidation to
be successful.

(i1) To give an overview of the methodology adopted in IEA Task
VIII and to comnent briefly on this (section 3).

(iii) To critically appraise the three validation exercises
undertaken in Task VIII (sections 4 to 7).

(iv) To suggest a more effective strategy as a possible basis for
a future international empirical validation project (section
8).

At the time the data used in Task VIII was collected (a decade ago) the
experimental design and monitoring techniques were far less well
developed than at present. Also, when the IEA Task VIII work began, in
1983, the knowledge of thermal programs and validation techniques was
much poorer than it is now. It is recognised that, with hind sight, it
may be easy to be critical of this work. However, the appraisal leads
to a wider understanding of the strengths, limitations, difficulties
and cost (both in time and money) of empirical validation. If this
review helps to establish a firmer foundation upon which future studies
can be built, it will have been worthwhile.

The majority of the information on the Task VIII studies was taken from
the final report of the Task VIII group (Morck 1986), and the poor
quality of the figures and tables in that report is the reason for the
poor reproductions contained here (sections 4 to 7).

Cther related documents (Judkoff 1985, Gough 1984 and Dalrymple 1983)
were studied but are not discussed at length. Additional comments by
the author stem fram visits made in 1985 to the data collection sites
at Los Alamos in the USA, and the Naticnal Research Council of Canada
(Lamas 1987).

Assessing Empirical Validation Studies

2.1 The Data

To be of real value, the empirical validation data sets should be
capable of revealing 'internal errors' in the models themselves, such
as inappropriate simplifications of the real world, invalid
mathematical approximations and coding errors. To do this, it is
necessa:cytommmseextemal errors: mmedatalnputtothe
models; in the measurement of the building's thermal behaviour; and in
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the procedures used to compare measured and predicted values. This,
however, is no easy task, indeed, in a review (Bowman 1985), it was
concluded that "only the highest quality building construction and
data—gathering techniques can hope to produce conclusive evidence of
internal errors in dynamic thermal models".

To help identify high quality data sets suitable as the basis for tools
to validate building envelope thermal load programs the following
criteria have been devised (Lomas 1991).

The first three 'preliminary acceptance criteria' must be fulfilled if
data is to be of value for validating any dynamic thermal model.

Criterion 1 : Structures must not include operative active solar
space heating or cooling systems.

Criterion 2 : The weather data must have been collected at the
site of the building.

Criterion 3 : The measured building performance data, and the
weather data, must be available at hourly, or more
frequent intervals. .

Only data sets which fulfilled all three criteria should be considered
as a possible basis for empirical validation. Data sets which pass
these criteria have been termed 'Acceptable Data Sets'.

Data sets which do not comply with any of the following criteria ought
not to be used for validating any dynamic thermal program since large
sources of external error are likely to be introduced into the
validation process.

Criterion 4 : All three major elements of the weather, air
temperature, wind speed, and the direct and
diffuse components of solar radiation, must be
measured at the site of the building for the
whole comparison peried.

Criterion 5 : The structure must be unoccupied, it must not
contain passive solar features which cannot be
explicitly modelled and each zone in the
building must have independent heating and/or
cooling plant and controls.

Criterion 6 : Measured infiltration and, where appropriate,
inter-zonal air flow rates, must be available for
the whole comparison period.

Data which fulfil these additional criteria have been termed Useful
Data Sets’'.

Finally, the data selection process can focus specifically on the
programs being validated and on the credibility of the data as
demonstrated by the 'track record' of the experimenters.




Criterion 7 : The structure must not contain features, or
envirommental control systems, which camnot be
modelled explicitly by any of the programs
being validated.

Criterion 8 : The data medium must be of a type which is
readily |usable, and close liaison with the
monitoring institution must be possible.

Criterion 9 : Data for sites which have never produced data
for model wvalidation work, or data which, due
to external errors, has introduced
unacceptable uncertainty into previous
validation work, must not be included.

Data sets which pass these criteria as well have been termed 'High
Quality Data Sets'.

Criterion 9 seems rather harsh given the historical context of IEA Task
VIII since, at the time, hardly any attempt had been made to use data
for model validation. Furthermore, the generation of a validation tool
was not an explicitly stated cbjective. In assessing the Task VIII
work,- therefore, Criterion 9 will be ignored.

These criteria are seen as minimum requirements. Data sets which
fulfil them should still be scrutinised closely to identify all the
other sources of external error which may be present. In addition, the
availability of mechanism level data, to test the operation of
individual program algorithms and crosscheck the other measurements,
should be considered.

2.2 -The Methodology

From previous work (Lomas 1990) the author has concluded that:
'Ideally, program predictions should be made in ignorance of the actual
measured building performance and uncertainties in the measurements and
model data should be accounted for in a logical and systematic way.
Certainly no attempt should be made to manoceuvre a fit between the
measurement and predictions’.

This approach implies

(1) a thorough understanding of the sources of uncertainty in
the monitoring experiments;

(ii) a qualification of these sources of uncertainty;

(iii) sensitivity analysis to assess the effect of the
uncertainty on the predictions; and

(iv) data/program comparison techniques which account for the
uncertainty.




This is now viewed by the author as merely the begimnings of a
comprehensive methodology. More advanced techniques, for example,
based on cross—correlation and co-variance analysis, may well extend
the methodology and, in conjunction with the collection of detailed
mechanism level data, permit the causes of errors in program
predictions to be more easily identified.

3. TIEA Task VIII Research Programme

3.1 Objectives and Methods

"The specific objective of the validation activities ... was to test
the analysis capabilities of a number of simulation programs selected
by the participants ..."

"The participants focused their collective effort on empirical
validation studies and model-to-model comparisons''. From a survey of
monitored buildings, data sets deemed suitable for empirical validation
were selected from three climatic regions; these also covered three
passive solar design features.

(1) A test cell with a Trombe-Wall, located in Ecublens near
Lausanne, Switzerland, monitored by the Ecole
Polytechnique Federale in Lausanne. (EPFL)

(ii) A test cell with a sunspace, located in Los Alamos, New
Mexico, USA, and monitored by the ILos Alamos National
Laboratory (LANL).

(iii) An experimental building with a south facing direct gain
room, located in Ottawa at the National Research Council
of Canada (NRCC).

Participants from 10 countries worked with 14 programs, however, the
Trombe-Wall cell and the sun-space cell were only modelled by three

programs. The direct gain cell was modelled by 12 programs.

From the final report, it is possible to discern that each modeller was
given a description of the building and the measured weather and
building performance data. The predictions were then obtained by the
participants and plotted alongside the measurements as a single
(hourly) trace for each parameter. Parameters predicted were typically
air temperatures, energy usage and, in the Trombe wall and sunspace
cell some surface temperatures. No further analysis is presented in
the final report. It is clear however, that some participants
undertook detailed investigations when poor results were obtained to
correct program problems and refine their predictions (e.g. Judkoff
1985, Morck 1986).

3.2 Critique

Comparing the Task VIII approach with the caments made in Section
2.2 about validation methodology a number of comments can be made.

(i) The study offered the participants the opportunity to
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'tune' the program to fit the measurements. Thus it would be
hard to make strong statements about the ability of
the programs as distinct from the ability of the program
users to manceuvre a 'good fit' to the monitored data.

(ii) No attempt was made to incorporate rigorous error analysis
procedures into the program/data comparison process. It is
impossible to tell therefore, whether any cbserved program/data
discrepancies are significant (and due to problems with the
program) or not (being due to extermal errors).

(iii)Tt is not clear if there was a careful study of the
programs to be used (their capabilities, their weaknesses,
their input requirements, the outputs they produce) prior to
selecting the data sets. It is more important to explicitly
match the data sets to the programs being used than it is to-
try and cover a range of climate types and passive solar
features. (Incidentally, climate is not necessarily a good
indicator of the weather conditions which arise during a
particular (short) monitoring period).

(iv) It is not clear whether the participants had the opportunity
to visit the data collection sites. Such visits are
extremely helpful since they enable:

(a) the general philosophy and rigour of the experimenters to be
assessed;

(b) specific deficiencies in the data (when viewed from the
perspective of the individual models) to be identified; and

_"(c) cbservations to be made of other factors (to be considered in

the modelling process} such as site shading, edge losses,
self shading, exact sensor locations.

4. The Los Alamos Sun Space Building
4.1 Description of Data Set

The Los Alamos building consisted of a double glazed south facing
sunspace in front of two cells of equal area (Fig 1 and Plate 1 which
was taken in 1985 but externally the building is substantially the same
as in 1981). - Thermal mass was provided by water drums in the sunspace
and, in each cell by concrete blocks. The building was monitored from
February 14 to February 27 inclusive. The door between Cell 3 (East
side) and Cell 4 (West side) was always open, whereas the door between
the sunspace and Cell 3 was closed 'at night' from February 14 to
February 22 and open at all other times. Insulation was placed over
the sunspace glazing between 16.30 and 08.00 for the whole period.
During this monitoring period the weather was "cold and sunny".

Both cells were heated by six 100W light bulbs which were controlled by
relays in response to black-globe temperature measurements, to maintain
a2 heating set point of 18.3°C. Both test cells were ventilated with
ambient air by a mechanical fan at a rate of 3 air changes per hour.

S
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~ CHARACTERISTICS OF TEST CELL

Inside measuras:
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Common wall thermal capacity, MI/R
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Fig. 1 The Los Alamos Sunspace Building




Plate 1. Los Alamos Sun Space Building
as configured in 1985

Plate 1

Plate 2. The Canadian Direct Gain Building
photographed in 1985
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DEROB?! BFEP? KLI/PASS?
Air Temperature Sun Space * * *
Cell 4 * * *
Power Input Cell 3 - * *
Cell 4 -~ * *
Water Drum Temperature - * *
*Corpared with measurements -No values predicted

! Tast 5 days only
2 Full 14 days

Tahle 1 Hourly Predictions Compared with Measurements

for Los Alamos Sum Space Building

Country : Model Modelling and
Theoretical Basis Assumptions Coments on Results
Switzerland: DEROB Could not similate "It can be seen that the

door opening and closing
Result for last 5 days
only. Water drnums
considered as an
additional layer to

south wall.
Holland: BFEP 3 zone model
Finite Element Tried various methods
Program for inter-zonal air
User-Modelling flow modelling, chose
Flexibility best one.
Hollarxd: KLI/PAS Sunspace modelled as

rectangular. Water
as layer of south
facing wall.

DERCB predictions are in
good agreement with the

measure of data for this
mr' 1"

"whereas the temperatures
are represented rather
well .... the auxiliary
loads show same
significant deviations"

"KI.I/PAS dynamically
tracks the performance

of the test cell rather
well, but generally
predicts considerably
lower temperatures and
auxiliary power"

Table 2 Validation Using The Los Alamos Data




Building monitoring included: air-, black-glcbe—, opaque surface—, and
intra-constructional-, temperatures, and power supplied. Weather data
collected were: air and dew point temperature; wind speed and
direction; and the total (global) irradiance on a horizontal surface
and on south facing surfaces tilted at 90°, 60°, 45°, and 36° to the
horizontal. All data was reported hourly.

4.2 Model Predictions

Hourly predictions were reported for three programs DEROB (by Swiss
participants) and both BFEP arxl KLI/PAS by Dutch participants as shown
in Table 1.

In all cases the results were shown as single traces of measured value
versus predicted value (e.g. Fig 2). The programs, the modelling
approach, the assumptions made and the comments about the predictions
are given in Table 2. However, a mumber of additional points made in
the Task VIII report are worth repeating. Because DEROB could not
simulate night time door closing only the last 5 days of the period,
during which the door was open all the time was simulated. "In order
to keep the model simple the water drums were considered as an
additional layer to the south facing wall".

For “the BFEP predictions, variocus methods of modelling the natural
inter-zonal air flow between the cell and the sunspace were attempted.
The one which proved most accurate was chosen (Fig 3). It was noted
that 'whereas the temperatures are represented rather well by the
computed results, the measured and camputed awxiliary loads show some
significant deviations'. Possible reasons for this were given as:

(i) an inadequate inter-zonal air flow model;

(ii) uncertain convection coefficients within the 2ones; and

(iii) doubts about the overall heat loss coefficient of the
building.

For the KLI/PAS predictions: a different inter-zonal air flow

conductance was chosen (Fig 3); the sunspace was modelled as a
rectangular space (due to the program being 1limited to these
geametries); and the water drums were modelled as an extra layer of
south facing wall.

4.3 Critique

From the forgoing one can highlight the following limitations of the
building, the data, and the validation procedure.

(i) None of the models had the capability to model all the
features of the building. Furthermore, the features for which
approximations had to be made crucially influence the
performance of the building (inter-zonal airflow, scheduled
door operation, sunspace geometry, and water wall shape and
thermal history). Model users had to make crude approximations
and the approximations made differed significantly from one
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(ii)

(111)

(iv)

(v)

(vi)

modeller to the next (e.g. Fig. 3). The study was therefore
testing the ingenuity of the modeller as much as the accuracy of

the programs.

Since the inside door had to be opened and closed then
the outside door of the cell must have opened (albeit
briefly) during the first 9 day period. Also the time of placing
the outside insulation is rather uncertain.

The diffuse and direct components of the solar
irradiance could not be dissagregated as neither the direct
normal—, nor the diffuse horizontal-, solar irradiance appear
to have been monitored. The performance of the sunspace is
strongly influenced by solar radiation.

The Task VIII modellers had access to the measured
performance of the building prior to modelling so it was
possible to 'tunme' the model to reproduce the measured data.
Because this validation methodology was adopted, the best one
could say of the stady is that "with appropriately
chosen algorithms and input data the program{s) were able +to
reproduce cbserved behaviour". The statement concerning the
predictive abilities of the programs have to be treated with some
caution. (As it happened, even after same tuning, BFEP failed to
reproduce both the measured air temperature and the measured
energy usage).

It may be that some of these problems could have been
foreseen  because researchers at the Lawrence Berkeley
Iaboratory (in a perceptive piece of work for the time) had
already highlighted the sensitivity of the Ios Alamos cells
to the direct/diffuse split of solar irradiance and the
uncertainty in. the cell air .infiltration rates {Anderson
1980, Bauman 1981, 1983). This highlights the value of a
literature review.

The author visited the Los Alamos site in 1985 to assess
the likely reliability of the data being produced. The Ios
Alamos researchers conceded that, in collecting data, they
intend 10 look for "gqualitative agreement" with model
predictions only and they had never locked at error bands in a
systematic way. It was also quite apparent that the
mechanical ventilation system was extremely crude and relied
on manual adjustments. The errors on the 3 ach~! quoted for
the period used in IEA Task VIII could therefore be very
large (e.g. around +/- 1 ach-! rather than +/- 0.1 ach-!). The
researchers also noted that the auxiliary power control and
supply system (globe temperature, via mechanical relay, to
electric 1light) was unreliable and the power input was
estimated based on the 'on' period only rather than on direct
measurement of the current and voltage supply. Therefore it
would be assumed that any broken bulbs were producing heat.
Again, the uncertainty on the power input parameters must be
very large (e.g. around 400 to 600W rather than 590 to 600W).




These observations indicate the value of being able to visit the
data site to assess, first hand, the quality of -the data.

(vii) There are likely to be numerous other sources of
external error (e.g. uncertain thermophysical properties,
ground reflectivity, shading from adjacent cells, edge
effects, thermal bridges, self shading etc. etc.).

The Los Alamos sunspace building actually failed Criterion 4 and
Criterion 5 and so in the SERC/ERE assessment was not deemed to be a
useful data set (section 2).

5. The Swiss Trombe Wall Cell

5.1 Description of Data Set

The building is only very briefly described, but consists of a massive
vented Trombe Wall located between the south facing double glazing and
the well insulated light-weight test cell (Fig 4). The measured cell
performance was compared with that predicted by a number of models for
the 10 day period from 25 March to 3 April, 1980. The measured values
were the cell air temperature, the immer and outer Trambe Wall surface
tanperatures, the temperatures of the air at the upper and lower vents
and the thermo—circulation air velocities. The weather data included
the air temperature, the total horizontal and south facing vertical
solar irradiance and the diffuse horizontal irradiance. Wind speed was
only available for the 5 day period from 29 March to 2 April.

5.2 Model Predictions

BLAST- 3.0 crashed during the simulation so no results were cobtained.
The results for the USA version of SERIRES are not shown but it is
quoted as giving the same results as the Swiss version. &MP, the
Italian program, generated limited results and then only for the 5 day
period for which wind speed was available (Table 3). Thus, full sets
of results were cbtained for only the Swiss version of SERIRES (Fig 5)
and the Dutch program BFEP (Fig 5).

A number of assumptions had to be made by the modellers (Table 4). The
Swiss specifically quote a value of 0.3 as being chosen for the
Trombe-wall venting coefficient. (This is a parameter [chosen by the
modeller] which acts as a multiplier in the SERTRES thermo—circulation
algorithm). The thermo~circulation gains are highly dependant on this
parameter. The predicted cell temperatures (Fig. 5) show significant
smoothing as compared to the measured values and they differ in
magnitude by up to 2°C at some instances. The Trambe wall temperatures
on the exterior side differ by up to 5°C and on the inside by 2°C.
Nevertheless it is stated that, "Simulation of room air temperature as
well as surface temperatures of the Trombe wall were in good agreewent
with measured data" (Table 4).

The Dutch results show similar discrepancies to the Swiss ones although
the surface temperatures are marginally better after the first two
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Fig. 4 The Swiss Trambe Wall Cell
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Swiss Usa UsA Italy Holland
SERTRES BLAST SERIRES® SMP BFEP
1.0 3.04 - - -
Temperatures
Cell Air * - - *6 *
Trombe Exterior Surface * - - - *
Trambe Interior Surface * - - - *
Glass Temperature * - - - -
Mass Flow Rate of Air!? 0 - - - 0
Convective Heat Gain? 0 - - - 0
Conduction Heat Gain® 0 - - - 0

x Compared with measurements

Between glass and Trambe Wall
3Through Trambe Wall to room
SQuoted as identical to plotted

Swiss results

0 No corresponding measurements

2From vented Trambe Wall to room

“Program crashed
5For 5 days only

Table 3 Hourly Predictions Published for

Swiss Trombe Wall Cell

Country : Model
Theoretical Basis

Modelling and
Assumptions

Comments on Results

Switzerland:SERIRES
Explicit Finite

Single zcne plus SERIRES
Traombe—wall algorithm

Difference Venting Coefficient
selection
No reverse thermo—
circulation
Holland :BFEP Lack of data on initial
Finite Element conditions
Program Reverse Thermo-circulation
User Modelling allowed
Flexibility

"Similation of room air
tamperature as well as
surface temperature of
the Trambe Wall were in
good agreement with
measured data"

No caments made

Table 4 Validation Using the Swiss Data




days. It is noted that this could be due to a lack of data on the
initial state [temperatures] of the Trowbe wall.~ A significant
difference from the Swiss results is that reverse thermo-circulation
was allowed in the simulations, in the Swiss simulations it was not.
Although the programs produced camparable mass flow rate predictions
(e.g. peak of 0.04m®s-! for BFEP and 0.045m3s-! for SERIRES on March
26) the convective heat transfers due to these flows differed from 300W
for BFEP to 800W for SERIRES.

5.3 Critique

(1) The SERIRES modellers had to select the venting coefficient
and this parameter critically influences predictions. Such
necessities should be avoided, however, with such empirically
derived parameters it is difficult to see how this should be
done. One route 1is to leave the modeller to estimate the
parameter, based on experience, other tests etc. (but not
based on the actual measured data) and then to undertake an
error analysis to estimate the uncertainty in predictions due
to the estimate. Indeed error analysis of this type is seen
as important for all uncertain program input parameters.

(ii) As with the ILos Alamos building results, various vague
. statements about model accuracy are made after comparing
measured and predicted results for single parameters without
a seriocus attempt to estimate the errors in either the
experimental data or the predictions.

(iii) The wind speed and direction were not measured for part of
the data period - these are key program inputs.

(iv) _The cell was only capable of being modelled explicitly by two
-programs so the scope for inter-model comparison, in addition
to program/data comparisons, was reduced.

(v) ILack of data to cover a sufficiently 1long program
preconditioning period seems to be an issue.

(vi) There are numerous other sources of uncertainty (e.q.
thermo-physical properties, ground reflectivity, heat
bridging, external shading, etc. etc.).

The Swiss Trombe wall failed Criterion 7 in the BRE/SERC review because
all the programs being considered there could not model it explicitly.
The data gathered when no wind speed was recorded also fails Criterion
4, the data would therefore not have been deemed a useful data set.

6. Canadian Direct Gain Building

6.1 Description of Data Set

The building at the National Research Council of Canada (NRCC) in
Ottawa consisted of two roocms. One with a large area {3.4m2) of south
facing double glazing, and the other, to which it is connected by an
open door, with a smaller area (1.4m?) of north facing double glazing

e




_Infiltration'rate, ach

* All walls are of wood frame construction,
38 x 89 mm studs at 0.6 m centres

8.33
1,24 -
UNIT 4
& )
o
3.05%
2.4
. Bé+
g+
2.17
Room length, m 4.38
Room width, m 2.81
Room height, m 2 2.4
Floor area per room, m 12.3
Overall wall#* thermal resistance, mz-K/W 2.1
Overall ceiling thermal resistance, m“-X/W 3.5
Overall floor thermal resistance, mz-K/W 7.0
Gross south window area, n? "3.4
Net south window glass area, m? 2.6
Gross north window area, m 1.4
Net north window glass area, m 2 1.0
-Window glazing thermal resistance, m" *K/W. 0.35
Window frame thermal resistance, m2°*K/W 0.37
Partition door area, m? s ’ 1.65
Partition thermal resistance, m -K/W . 0.44
Corridor door area, m 1.9
Corridor door themmal resistance, mz'K/W 1.25
Circulation fan power, Watts 21
Heating set point, C o 20
Heating Controller deadband, ~C 0.1
Ventilation set point, %% 27
Basement temperature, C o 21
Corridor set point temperature, C 20
Thermal storage mass, kg 13,565
Heat capacity, MJI/K 11.55
f ~ 0.0

Fig. 6 The Canadian Direct Gain Building
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(Fig 6, Plate 2). The insulated wood frame building is over a basement
held at a constant temperature of 21°C, the corridor at the east side
of the unit was at 20°C and there is ventilated attic space above the
ceilings of the huts (Plate 2). The rooms were well insulated and
sealed to produce a measured infiltration rate close to zero.

During the 14 day data period used in IEA Task VIII (29 Dec 1980 to 11
Jan 1981) the rooms were lined with a 100mm course of solid cement
bricks. The door between the rooms was open and a small (21W) fan
located above the door circulated air between the two rooms. The
electric base board heaters in each room were comnected to precision
controllers to maintain a constant temperature of 20°C. The south room
was also equipped with an exhaust fan which ventilated the space with
cutside air whenever the temperature rose above 27°C. (This never
occurred during the period of the IEA study).

The measured building performance parameters used for model wvalidation
were: average south room temperature; average north room temperature;
and total heating power of the unit. Other parameters recorded were:
average corridor air temperature; average attic air temperature and
south room cooling (venting) energy. These were recorded hourly as
were the following parameters: average ambient temperature; glcobal
horizontal irradiance and the total vertical south and north facing
radiation; direct normal radiation; and average wind speed and
direction. It was extremely cold but sunny during the two week period.

6.2 Model Predictions

Hourly predictions of 12 programs were compared with the total hourly
power demanded by the two rooms. The programs also predicted either
the mean temperature of the two roams (for single zone models) or the
separate north and south room temperatures (for multi-zone models). In
the Task VIII report, south and north room temperature predictions are
reproduced for multi-zone models, combined zone temperatures for single
zone models and total power for all models (e.g. Fig. 7). The abridged
caments from the IFA report about the level of agreement, plus
statements about the method of modelling and the assumptions made about
the building and the measured data, are given in Table 5. The level of
detail with which the issue of errors was treated varied significantly
from one participant to the next.

For 11 of the programs, 14 day energy use totals were produced; these
ranged from 285KWh to 349KWh with a mean of 310.8Kwh (Table 6). The
measured value was 323KWh . The predicted results had a standard
deviation of 16.8KWh (5.4%) but all the programs under-predicted energy
use except ESP (+26KWwh).

6.3 Critigue

(i) The building was simple enough to be modelled closely by a
wide range of programs thereby permitting an extensive
inter-model comparison exercise as well as comparisons
between the measurements and the predictions of individual
programs.

_10..




TOTAL AUXTL.IARY

COUNTRY /MODEL HEATING ENERGY MEASURE
(KwH) %
MEASURED 323 -
Canada - ENCORE CANADA 308.1 -4.3
Denmark — BA4 312 -3.4
— PASOLE 300 -7.1
— SOLMAT 323 -0.0
ITtaly - aMP 312 -3.4
The Netherlands — BFEP 307 =~5.0
- KLI/PAS 297 -8.0
Norway — ENOORE NOT REPORTED
United Kingdom - ESP 349 +8.0
UsA — BLAST 301.7 -6.7
— DOE-2 285 -11.8
— SERIRES 322.8 .0
Mean 310.8 -4.7
On-1 16.8 (5.4%)
2.330,_, 39.1 (12.6%)
Table 6 Results of Canadian Building Validation Work




(i1)

(i)

(iv)

(v)

(vi)

(vii)

The building was reasonably well described by the NRCC and so
the level of uncertainty is considerably less than  that
associated with the other two buildings. The errors in
predictions could be estimated (although no attempt was made
to do this in the IEA work). The uncertain attic air change
rates and, more Iimportantly, the uncertain inter-zonal air
flows are unfortunate.

The difficulty of the predictive task varied from one program
to the next. Specifically, some programs were fed the hourly
values for the radiation incident on the north and south
windows; some (most) programs were left to calculate this for
themselves. The empirical validation work should be managed
in such a way that this cannot happen. '

The modellers had access to the measured results and so there
was the opportunity to 'tune' the programs, and/or to correct
errors. The USA predictions in particular, were produced
after a number of trials (Judkoff 1985). This is at variance
with the preferred approach outlined in section 2.2.

No attempt was made by any of the participant to assess the
errors associated with their predictions, or if such attempts
were made, they are not described in the final report. Thus,
it is difficult to assess whether the prediction errors can
be apportioned to the programs, the uncertainty in the
building description, or to errors in the monitored data.

The author visited the NRCC site in 1985 and one problem that
was observed was that the many (linked) thermocouples
suspended in the air (as a thermopile) were unshielded.
Solar and long wave radiation would therefore impinge on the
sensors warming them. They do not therefore record a pure air

temperature.

A nmumber of other minor error sources included: unknown
thermo—-physical properties; shading from adjacent buildings
perhaps; uncertain radiant/connective split of heating system;
imprecise glazing properties — including shading to frames. The
magnitude of the uncertainty in predictions due to this could
however be estimated.

The Canadian test cells passed all nine of the Criteria (section 2.1)
and were therefore classified as High Quality data sets in the SERC/ERE
review.

7. Task VIII - Management and Reporting

The final Task VIII report has a number of weaknesses.

(1)

The report Iitself is poorly presented with results plotted on
a variety of scales. It 1is therefore difficult to make
comparisons between the results of one program and those of
the next. The specific information given, and the level of
detail, varies from one validation exercise to the next.




(ii) There is very little discussion in the main report about the
assumptions, approximations, modelling techniques and usage
of data so the reader gains 1little insight into their
validation process. Thus useful validation experience 1is not
passed on to others.

(iii) The buildings are in general poorly described and the weather
data and building performance data is not made readily available
to others. Thus, it is impossible for others to use the data
sets as a benchmark against which to compare the predictions of
other models.

(iv) The management of the information available +to the
participants does not appear to have been considered carefully.
This led to different approaches both at a general level and at
a detailed level. Consequently, the programs were not being
assessed on an equal basis. Overall, the report (and the
validation work itself) conveys the impression of a project
where there was a lack of planning and co-ordination.

8. Proposals for Future Work

8.1 Aims and Objectives

Program/date comparisons can be made for many reasons, such as: to
develop (improved) algorithms for individual thermo-physical processes;
to evaluate individual algorithms; to validate whole models; to develop
benchmarks for whole model validation. The research methodology (and
the data) demanded by each one of these can differ significantly. (For
example, for algorithm development, actual building-like structures may
not be tested, when testing component algorithms within whole programs,
buildings (or part buildings) may be used in which.the magnitudes of
the heat flows differ dramatically from those in real buildings).

At present there are very few properly documented whole program
validation benchmarks, and even fewer (perhaps none) which have been
tested on a wide range of programs. Given the nature of international
collaboration it is probably appropriate that the aims of empirical
validation work should be:-

Aim 1: To develop well documented, well tested, empirical validation
benchmarks for detailed thermal simulation programs.

Without compromising this primary aim it will also be possible to
achieve the following aims.

Aim 2: To assess the ability of a number of detailed thermal
simulation programs to predict the performance of a number of simple
buildings.

Aim 3: To test a methodology for developing empirical validation
benchmarks.

Finally depending on the availability of data and resources it may also
be possible to pursue a fourth aim.




Aim 4: To extend existing, and/or develop new empirical validation
methods. .

From these aims, ard knowing the problems encountered in Task VIII
(Table 7), it is possible to draw up a list of requirements which mist
be fulfilled by the validation methodology, the data sets, and the
similation models used.

8.2 Methodology

Based on the experience of the previous IEA validation work described
above and that gained within the SERC/BRE validation project it is
suggested that the following features should form the basis of any
empirical validation work.

Methodology Requirement 1: The research methodology must be devised
and agreed by all participants prior to the start of the work. The
agreed methodology must encompass:  management procedures; models to
be wused; data sets to be used; predictions to be made; reporting
formats; and analysis techniques.

Methodology Reguirement 2: The work should encompass as many models
with a similar level of sophistication as possible. In the context of
this paper these would all be detailed thermal simmlation models of the
building envelope capable of hourly, or more frequent, predictions of
temperatures, and heat fluxes, examples are ESP, SERIRES, HTB2, BLAST,
DOE-2, DEROB, Tas.

If the work failed to separate out effort on simpler, single-zone
dynamic programs (such as EREADMIT, or SPIEL) or steady-state programs
(such as BREDEM or Method 5000), it is 1likely that the research
programme and the end products would be an unhappy compromise which
would not fully service the needs of any of the program groups. (In
any case, the principle used in IEA VIII, of using detailed models to
generate benchmarks against which simpler models can be tested, is
worth retaining at present.)

Methodology Requirement 3: Initial predictions will be made blind,
that is, all program users will be given the same detailed information
about the buildings, the operating conditions and the weather data and
the measured building performance data will not be made available at an
early stage. The model/data comparisons would then be made by an
independent, third party, not responsible for any of the program
predictions (see project management).

Methodology Requirement 4: The release of other (mechanism level) data
to permit more detailed studies, the application of new (sophisticated)
analysis techniques, and the refinement of the programs should follow
the initial 'blind comparison' phase.

Methodology Reguirement 5: The early stages of the work should

incorporate a thorough review of the data input requirement of, and the
outputs available from, the programs to be used.




Los Alamos
Sumspace Cell

Swiss Trombe
Wall cell

Test Rooms

*Opportunity to “tune' the programs so predictions fit the
measurements

*No analysis of errors in the predictions or the monitored data

*Probably no careful study of the inputs anti outputs of the
programs used

*Possibly no organised visit to the data collection sites by most
of the participants

*Complex operation could not be modelled by some programs

*Structure coulé. not be modelled by many programs

*“Thermal history' of cell critical but uminown

*nreliable ventilation equipment

*Unreliable heating power measurements

*Tncamplete building description

*Incomplete weather data set

*Unknown inter-zonal air flow

*Overall building heat loss coefficient uncertain

*Cell opened and (briefly) occupied during monitored period

*Data never intended for detailed program validation

Mo site handbock

*Could not be modelled by many of the programs
*Missing weather data

**Thermal history' of wall uncertain

*Many other thermo-physical inputs to _mdels uncertain

*Some uncertainty on thermo-physical inputs to models
*ncertainty about inter-zonal air flows
*Air temperature sensors not shielded

*Uncertain attic air change rate

*Poor statement of methodology
*poor reporting of modelling activities

*Inconsistent coverage of the various validation exercises

*Inconsistent and poor quality reproduction of resuits
*Poor description of buildings
*No validation package produced for use by others

*Weak project management and data control

Table 7 Limitations of the IEA Task VIII Work




Methodology Requirement 6: There should be a thorough review and
assessment of acceptable data sets to establish those-which are most
suitable as the basis for the validations benchmarks.

Methodology Requirement 7: Careful consideration must be given to the
way the benchmarks will be packaged, and managed. In particular so
that 'blind' model/benchmark comparisons can be undertaken in the
future.

8.3 Project Management

It appears that the IEA Task VIII project lacked strong management, and
this led to a disjointed and poorly presented piece of work. It is
suggested, therefore, that in future work, the following management
reguirement is satisfied.

Management Requirement: There must be strong centralized, project
management which is responsible for: (i) ensuring that the agreed
methodology and program time-scales are adhered to; (ii) interfacing
between the data collection team and the modellers to ensure that the
same Iinformation is available to all the modellers and that this
information is consistent; (iii) analysing the results (e.g. receiving
the digital _program pred:.ctlons and input files, undertaking the model,

data comparisons ard statistical analyses, and plotting/reporting the
results).

8.4 Modellers

For the work to be manageable within a reasonable time-frame, the
programs would have to be used by acknowledged experts who are familiar
with the underlying assumptions, the data input requirements, and the
outputs produced. The development of benchmarks is a high level and
sophisticated usage of thermal models, arnd so it demands a high level
of user expertise. The work should not be considered as a teaching
activity for novice program users. Ideally, the modellers would
already have attempted empirical validation work before

Modeller Requirement 1: The modellers should be experts in using the
programs and be fully conversant with the underlying theory of the
program, the inputs needed and the ocutputs produced. Wwhilst not a
requirement, previous experience of model validation exercises would
clearly be beneficial. By beginning fram a strong experience base, the
work would have prospects of significantly advancing the field of
empirical wvalidation. However, even with very experienced users,
empirical validation is a very difficult, time consuming and computer
intensive activity.

Modeller Requirement 2: Modellers should be strongly motivated and
have adequate resources (time, manpower and computer power available).
It is suggested that the task of developing benchmarks is more likely
to succeed if a small experienced group of modellers work closely
together to achieve the above aims.
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8.5 Data Sets -

As noted previously, a thorough review of data sets should be
undertaken to identify those which are most suitable for use as model
validation benchmarks. Criteria have already been defined (section
2.1) to help identify high quality data sets, but there are other
requirements which must be fulfilled in the context of a benchmark
development exercise.

Data Set Requirement 1: The data set(s) must fulfil all nine criteria
and hence be classified as High Quality.

This is seen as far more important than trying from the outset of the
project to try and cover a range of buildings and weather conditions
and, in the process, accepting inferior data (as happened in IEA Task
VIII). '

Data Set Requirement 2: The data must be available for use both within
the benchmark development project and for subsequent use by others.

Data Set Reguirement 3: Ideally, the site from which the data was
collected should still be active.

This will allow participants to have first-hand experience of the
building and the monitoring (which will lead to more accurate use of
the models). It will also permit any necessary peripheral
investigations to be undertaken and any extra experiments to be
comnissioned. Furthermore, the monitoring team will be available to
assist in resolving any uncertainties and ambiguities.

Data Set Requirement 4: The actual monitored performance of the
buildings must not be widely known; otherwise 'blind' comparisons
cannot be assured.

Finally, having fulfilled these criteria, it is possible to consider
additional needs, in particular, the identification of the source of
errors in the programs arnd hence the remedies to be effected; there are
two possible routes, and both could be pursued. A single data set must
contain mechanism level data to permit inspection of the predictions of
individual algorithms ({solar transmission, heat fluxes etc.), or a
sequence of data sets (benchmarks) can be produced each of which
differs in a specific way from the next (e.g. change in window area,
surface emissivity, etc.). This latter approach is analogous to that
which has been adopted in the previous IEA Task VIII inter-model
comparison work (and which could be adopted in inter-model camparisons
associated with the empirical validation study).

It is the author's view that these considerations should not at . this
stage form a data set requirement. It is likely that those already
stated, and which are crucial, will so limit the number of data sets
available that further, less important considerations, will not be
needed as a basis for selection.
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8.6 Documentation

Most previous validation work has had little benefit beyond the small
group of experts directly involved — primarily because of the poor
level of project reporting; the Task VIII empirical validation work is
a clear example of this.

Documentation Requirement 1: The methodology by which the benchmark is
to be conceived must be clearly stated before beginning the work.
Modifications to the approach (and reasons for them) should be
described and recommendations for approaches to be used in future
should ensue.

Documentation Requirement 2: The benchmarks must contain a description
of the building and its operating conditions, the weather data and the
procedure to be followed when using these for wvalidation. This
documentation must be clear and unambiguous so other program developers
can use it.

The development of this documentation can take a long time and the
resources heeded should not be understated. The cbjective of such
documentation is to ensure that others, who did not participate in the
development of the benchmark, could use it to assess their own
programs. (The documentation should have a similar degree of rigour to
that which is adopted by the medical profession for describing
experimental procedures for testing drugs, etc.). A computer library
is one obvious way to store benchmark data, building descriptions, arnd
information on how to use them.

Conclusions

This :.report has cutlined the shortcomings of the empirical wvalidation
work undertaken within the IEA Task VIII. As a result, outline
proposals about how future international collaborative exercises in
this field could operate have been devised. These suggestions are
built around the idea of developing benchmarks against which existing,
or future programs can be assessed. Requirements which ought to be
fulfilled for this idea to be successful have been suggested. It is
upon this outline skeleton that detailed proposals and related work
could be framed.
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1. Introduction

Empirical validation is the ultimate test of the predictive abilities of a
themal model since it compares the predictions with measurements made in
real buildings. Further, if the predictions are made without a knowledge
of the actual measured performance, then the modelling process mimics the
situation which arises when the program is actually used for building
design.

There is renewed interest at the UK Building Research Establishment (BRE):

(i) to consider afresh the availability of suitable data for model
validation;

(i1) review previous work in the field, especially within IEA Task
VIII; and

(1ii) to identify data sets upon which future empirical validation work
should concentrate.

Previous reports (under the Leicester Polytechnic support contract to the
BRE) have dealt with activities (i) and (ii) above (Lomas 91 a,b). This
report looks more closely at item (iii) and, in particular, the high
quality data sets available in the UK. It describes the buildings, the
data sets available from them, and the empirical validation work (if any)
undertaken with these. The monitored data, the comparisons and the results
of the analyses are deliberately not given in this summary. Finally, the
most appropriate data to use in any (interational) collaborative
empirical validation effort is identified.

The buildings from which data is considered, in the order studied, are:

The Folytechnic of Central London {PCL) cells at Peterborough;

The British Gas cells at Cranfield;

The ETSU test rooms at Cranfield;

The PASSYS cells in Strathclyde; and .

The National Bureau of Standards Passive Solar Facility in
Washington D.C. -

The buildings are illustrated in Plates 1 to 5 and the main attributes of
the data sets currently available from them are given in Table 1, all are
freely available. It is recomended that this Table is read in
conjunction with the written information about each data set. all the
data sets are available in the UK including that from the NBS facility
(Table 1, colum 1).

2. PCL Cells

2.1 The Test Cells

The Polytechnic of Central Iondon (PCL) direct gain test cells were
located on a flat open grassland site in Peterborough. The cell block
consisted of two adjacent cells with a common attic space above
(Figs. 1,2). A separate hut housed the data acquisition system and the
meteorological data collection equipment. They were monitored from late
1983 to July 1984 to campare the thermal performance of different thermal
storage walls (Littler et al, 84). High quality data is available for two
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nine-day periods: 25th February to 4th March 1984, and 4th May to 12th
May 1984. Neither cell was mechanically heated or cooled and they were
both well sealed to minimise infiltration.

The cells were erected on site by bolting together prefabricated panels
built in accordance with detailed working drawings (Watson, 85a). The
exterior surfaces were of stud frame construction with a stressed skin
plywood facing. An additional layer of waterproofing felt covered the
roof. A suspended hardboard ceiling with insulation separated the attic
from the cells below. The cells were of equal volume and separated by a
well insulated party wall. The floor and side walls of each cell were
well insulated (Fig. 1). The cells were supported on ground beams to
enable free circulation of air below the floor (Fig. 2). Virtwally the
entire south face of each cell was glazed using four sheets of single
thickness 4mmn clear float glass. These were supported by a substantial
mallion and rail. The themmal storage wall in cell 2 was made of dense
concrete blocks whereas in cell 1 the blocks were of open textured,
no—fines, concrete.

During the May experiments, an insulating blind was located behind the
windows of Cell 1 from 7.p.m. (19:00) to 7.a.m. (07:00) Greenwich Mean
Time. After 12:00, the west side of Cell 2 was shaded by the adjacent
cell block located 0.8m to the west (Plate 2). The window shading caused
by the mullion and rail and the slightly protruding cell sides was the
same for both cells.

The only building description parameters measured (Table 2) were:
(a) the U-values of the window and the window and blind combination;

(b) the density, specific heat and conductivity of the concrete
blocks; .

(¢) the infiltration rates in the cells (less than 0.05ach-1!).

The overall heat loss coefficients of the cells were also determined by
heating them to .a fixed temperature of 25°C whilst shading out solar
radiation. The values measured were 32.1 W°C-! for Cell 1 and 32.5 WeC-!
for Cell 2; these values were accurate to +/- 5%.

2.2 Data Acqguisition

The external meteorological conditions and temperature at nine points
within each cell were recorded using a data acquisition system (Table 2,
Figs. 1 and 2). The air temperature sensors were shielded to eliminate
radiant effects but allow free circulation of air. The temperature at the
internal surface of the window was recorded using a thermocouple which had
a small cross-section and hence absorbed minimal solar radiation. With
the blind in place in Cell 2, the sensor was between the glass and the
outer surface of the blind. Seven current transducers were used to sense
the mass wall temperatures.

The data is available on floppy disk from Leicester Polytechnic, along
with a site handbook and a guide to using the data.
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2.3 Themal Performance

May was cold for the UK and the ambient temperature showed a greater
diurnal variation than in February (between -2 and 16°C). Throughout the
May period it was also much sunnier than in February/March (GH between 340
and 810 Wn-2). The wind speeds in both periods varied in the range 0 to 9
ms-1. The May period provides the data set which stresses the dynamic
capabilities of the programs the most.

The most striking feature of the performance of the two test cells was the
similarity of the temperatures within them. During the February/March
period all the temperatures in Cell 2 were within 0.5°C of the
corresponding temperature in Cell 1. In May with the blind in place, the
evening temperatures in Cell 1 were less than 2°C greater than those in
Cell 2.

The measured wall temperatures also lagged behind the cell air

tures. The tamperature gradient from the top to the bottom of the
walls differed between Cell 1 and Cell 2. Although the gradient in both
increased as the solar gain increased, the gradient in Cell 2 was under
half that in Cell 1 at all times. On 12th May at 15:00 hours the top of
the wall in Cell 2 (dense concrete) was 2.8°C above the bottom but,
because the no-fines concrete blocks in Cell 1 tended to allow air to
circulate, whereas the dense concrete blocks did not, the wvertical
gradient in Cell 1 was greater at 7.7°C. These figures suggest that the
floor to ceiling air temperature stratification in the cells may exceed
10°C.

2.4 BEmpirical Validation

The data from the cells was used as the basis for empirical validation
using the programs ESP, HTB2 and SERIRES (Lomas 87, 90, 9l1c). This work
concentrated more on the May data. Initially, this involved making simple
graphical comparisons of measured and predicted values, cross—correlation
analysis to detect any time shift between the measured air temperatures
and the predicted values, and the calculation of simple statistics to
describe the overall level of agreement between the measurements and the
predictions. Window surface and internal mass-wall temperatures were also
analysed in this way.

In the second stage of the work, simple differential sensitivity analysis
was undertaken for one day (12th May) to study the influence on the air
temperature in Cell 2 of the uncertainty in the input parameters to the
programs. Because of the large area of single glazing, it is not too
surprising that uncertainty in the ground reflectivity, window U-value
(and, in SERIRES, the external combined surface coefficient) had the
greatest impact on the internal air temperature.

The validation work concluded with a comparison between the external south
facing wvertical irradiances predicted by the three programs and the
measured values.

The most important products of the work were the three 1level empirical
validation methodology and the empirical validation tool. This consisted
of a detailed site handbook, a disk containing the measured weather and
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building performance data and a guidebock explaining how to use these for
validating programs. These are currently being used by researchers in
Ireland and has been distributed to two Australian research groups for
program validation.

2.5 Critique

Because the test cells were prefabricated under the scrutiny of the
monitoring group and then assembled on site from these units, the
construction is wvery well defined. The data was high quality and
complete, and it is well documented and easily accessible. The original
research/monitoring team is still active in the field, although the cells
no longer exist, so first hand inspection is not possible.

The cells stress the glazing conduction and solar gain algorithms
strongly. However, whilst there is thermal mass in the cells, it is not
Closely linked to the air and so the temperature swings (and peak
temperatures) are untypical of those found in the occupied spaces of real
buildings. (This is advantageous for stressing the algorithms, but not if
'realism' 1is seen as important). A limitation is that the data only
represents one type of cell (highly glazed, light weight, unheated), so
many other very important issues and program sub-models cannot be tested.

The data set is one of the most rigorously studied for use in empirical

-validation. The validation tool which resulted is cne of only a handful

that exist and it has succeeded in identifying errors in the predictions
of an early version of ESP (version 10:84). The monitoring was, however,
not sufficiently detailed, at the mechanism level, to identify
unambiguously the source of these discrepancies.

3. EMC - British Gas Test Cells

3.1 The Test Cell

The' British Gas test cell was monitored by the Energy Monitoring Company
(EMC) which was established by the same individuals who monitored the PBCT,
cells. (An earlier British Gas cell was in fact located in Peterborough;
Watson, 85b). The current British Gas cell is located on the same site,
at Cranfield, as the Company's other six (ETSU) rooms (see section 5).
The British Gas cell has a very well insulted stud frame construction hut
with a single layer of bricks covering the floor and the walls on the
inside. Like the PCL cells, the construction is very well defined. ‘The
cell is completely opague with internal dimensions 2.034m x 2.034m x
2.334m high, and raised off the ground to allow a free flow of air
underneath (Fig. 3). It is well sealed to preclude uncontrolled
infiltration (less than 0.0lach-!), but it is mechanically ventilated to
about 2ach-!. The air flow rate, the internal air and opaque surface
temperatures, the heating system power consumption, the opaque surface
heat flux, and the weather data were continually recorded. The type of
heater, the ventilating system and the exact location of the sensors
varied from year to year. 1In general, in successive years, the heating
and ventilating system became more sophisticated, with better controls and
the number of sensors gradually increased (see sections 3.2 and 3.3, anmd
Fig. 4)}.
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3.2 Monitoring

The data collected by the EMC, 1is used exclusively by British Gas to
examine the interaction of heating systems and building fabric. British
Gas report that the data is consistently completely uninterrupted ard
error free (Hitchen, 91).

Reports describing the monitoring of this cell cover the winters of 1985-6
(anon., 86), 1988-9 (Martin, 89a,b) and 1989-90 (Martin, 90a). These are
reports from EMC to British Gas describing the experimental procedure,
they contain no details of the actual values recorded or the use which was
made of the data. The following sections highlight the main features of
the experiments and the differences between the three winter periods.
Synoptic information is given in Table 1.

3.3 Data Sets

During the winter of 1985-6, a series of tests (10 different heating
regimes) in which the cell was heated by an oil filled panel radiator, was
planned (Fig. 4). In the first and last test (Table 1), the continucus
heating period of 7 days was to be preceded by 7 free-floating days and
followed by 2 more free-floating days. In all the other tests, the cells
were to be intermittently heated to a fixed set point, but the 'on period’
was to be varied for each test. 1In tests 7 to 10 (lasting 21 days), the
panel radiator was to be covered with a polished metal cover to reduce the
radiant comoonent of the heat output. The weather and building
performance data was to be recorded every 3 minutes from the time the
radiator switched on to the time at which it first turned off and at 20
minute intervals thereafter. The sensor locations are illustrated in Fig.
5.

During 1988-9, the cell was heated with a fan convector rather than a
radiator, and a more sophisticated, proportional integral and derivative
controller replaced the on/off device used previously (Fig. 4).
Ventilation air was supplied and extracted via sparge pipes to reduce
inlet jet speeds and more detailed monitoring was used within the cell
(Fig. 6). This included electrical heater power, 12 surface temperatures,
16 air temperatures, Meyer Ladder, 5 heat flux measurements, 3 intra
construction (brick) temperatures, and a Net radiameter to try and record
long wave exchange. The data was recorded at 5 minute intervals.

There was an initial block of three experiments (Table 1) which began
with a period of continuous heating, followed by a period of intermittent
heating, and then finally a period with unheated operation. The Meyer
Iadder (Fig. 6), which is a series of 11 temperature sensors placed at
right-angles to the wall, to measure air temperatures near the wall, was
moved from one series of experiments to the next. Following a single day
in which the cell free-floated the fourth and final experiment was
undertaken (Table 1). In this test a pseudo-random heating sequence was
used for a 20 day period. Statistical techniques were then used to
extract the underlying relationships between the driving force (heat
injection) and the building response (heat fluxes and surface temperatures
etc.).

During 1989-90, the same British Gas cell was used with the only changes

fron the previous year being the installation of natural convector
heating, an additional Meyer Ladder, and minor changes to three air
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temperature sensor positions. The data was collected at 5 minute
intervals for a 13!/, day period (Table 1), although the mode of operating
the cell was changed during this period. The series started with a 3 day
continuous heating period, this was followed by a free—floating period of
12 hours, then 7 days of intermittent heating (6 hours heating on, 2 off,
6 on, then 14 off) giving a 28 hour cycle, and finally a 3 day
free—floating period.

3.4 Critique

All the experiments in the British Gas cells have the following general
characteristics.

(i) The data was recorded by an experienced team with a track record
of producing high guality error free data. The British Gas data
was of this expected high standard.

(ii) The data was recorded at frequent intervals, typically 5 minutely
or less, to a high level of accuracy.

(iii) The cells were completely opaque and heavy weight to test the
interaction of heating plant and the thermally massive opaque
elements of the building fabric.

(iv) The data cannot test aspects of the models dealing with
glazing, solar irradiance or natural infiltration.

(v) The Meyer Ladder permits the variation with time of internal surface
conwvection coefficients to be calculated. The surface and
intra—constructional temperatures, plus the heat flux sensors,
prermit heat flows within the mass to be examined.

(vi) The infiltration was mechanically introduced in such a way that
it could be accurately measured. The addition of sparge pipes
within the cell in 1988-9 resulted in better diffusion of the
incoming air and lower air velocities.

(vii) The control of the heater was improved in 1988/89 over that used
in previous years. This produced very close control of the
set point temperature in the cell (+/-0.1°C in 1988/89 and 1990
campared to around +/-1°C in previous years).

(viii)The pseudo—random (1988-9) and 28 day (1989-90) hourly sequences
provide the opportunity to test novel statistical parameter
estimation techniques to assess the underlying relationship
between the response of the building, the heating system, and the
weather data, and to compare this with the underlying
relationship predicted by thermal models.

4. PASSYS

4.1 The Research Programme

The Passive Solar Systems (PASSYS) research programme involves eight
research institutes in seven EEC countries. The activities focus on test
cells located at nine sites (Table 3). "These test cells are identical
test facilities spread over FEurope, equipped with a comon set of

o




S93TS 13593 SASSVd SU3 JO UOTIe00] ¢ FIAVL

2 wao|g 'H eids| oHp 039
sjlodnuy

eiydog v llepimL 't | mobseln Nns3 | wopbury
elueied Il ayoeieped Ik penun
v Niq uea'q wea GdL- ONL spuey
. -18Y18N
eyl
v onupuy ‘W Bjueled { SNEICHINDD Aey
14 yosi4 ‘N | webpnig MLl | Auewien
joyd

v uejueyD ‘W pyoelepeD VES)

' syodjiuy
L nespinog eydog g189 eouely
2 joyxeg a AqBuiq WL | ewusg
. ¥ sieinop *d | euelew] jHge | wnibjeg
AqBuf == ¢ .
. s(j@o jo Ben

z—ommﬂ_w e Jequnp | ejqsuadsey | uoyeso 1561 Aunon




PASSIVE SOLAR COMPONENT UNDER TEST SERVICE ROOM
TEST ROOM

Partition Door

Chipboard & £ 1 Steel sheet

Styrodur (.30 m) Steel frame

Styropor (.40 m)

AR Mineral Wool

Fig. 8.. Sketch of the PASSYS test cell
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measurement instruments and control devices" (Anon. 90a).

At the time of writing, PASSYS 1, which lasted from 1986 to mid-1989, was
finished and PASSYS IT (January 1990 to December 1992) was under way.
Final reports from PASSYS 1 have been produced by each subgroup, but no
PASSYS II results have been released (Strachan, 91b). Of particular
importance is Chapter 15 of the PASSYS 1 report by the validation subgroup
(Pinney, 90) as it contains details of the only useful (for validation)
empirical data set to emerge from PASSYS 1. These emerged from the cells
located in Glasgow (Fig. 7, Plate 1). A recent overview paper
(Strachan, 9la) describes more recent experiments on camparisons between
ESP and measured data. The PASSYS 1 data has also been used to aid the
development of statistical toels for the time-series analysis (Palamo, 91).
The ‘'glossy' brochure which gives a general overview of the PASSYS 1
activities was also used to assist in producing this report, (anon. 90a).

4.2 The Test Cells

The PASSYS cells conform closely to proposals made by Nick Baker, now of
Cambridge Architectural Research Limited. They were all prefabricated by
the same German manufacturer (CADOLTO in Cadolzburg) using a rigid
steel-frame construction. They are delivered complete, except for the
south wall to each cell. (This southern aspect holds the component being
tested). Each cell has two zones, the test cell, and a smaller service
roam - which houses the monitoring and air temperature control equipment
(Fig. 8). On site, the cells are mounted on plinths to allow free
circulation of ambient air below the floor.

The cell is airtight producing an infiltration rate of 0.5ach-! at 50Fa
vwhich will equate to a working rate of less than O.lach-!. The walls are
well insulated internally (Fig. 9) to give a U-value of less than
0.1Wm-2°C-! and an overall heat loss coefficient (with the calibration
wall on the south facade) of 12wWweC-!. (Actually 11.9W°C-! and 12WeC-! in
cells 1 and 2 in Glasgow which produced data for validation. With such
high levels of insulation uncontrolled infiltration of up to G.lach-! can
represent 10% of the heat loss for the cell).

The high levels of insulation aiso mean that most of the cne dimensional
fabric heat loss takes place through the south wall. This is not typical
of the heat flows in actual UK buildings but may have some advantages for
stressing selected program algorithms (Strachan, '9lc).

Unfortunately, "the protective steel sheets on the inside of the walls are
in thermal contact with the stainless steel sheets on the ocutside of the
walls and the partition door frame. Therefore, thermal bridges occur
(Anon. 90a). This is a potentially serious problem from the point of view
of model validation. A further problem is the large difference between
the inside and outside surface areas of the cells and hence the large
contribution that 'edge and corner effects' may make to the overall heat
loss (Strachan, '91c). This is multi-dimensicnal heat flow whereas
thermal models typically assume one-dimensional flow). Attempts are being
made to derive theoretical modelling solutions to this problem (Hassid,
'g1). These effects were estimated at 20% during the validation
experiments in the Glasgow cells (see below) although in other tests
values up to 35% have been deduced.

Two standard south walls are available at all PASSYS sites. A calibration

.




wall, consisting of a sandwich of plywood/400mm rigid insulation/plywood,
giving a U-value of about 0.1Wm ?°C-!, and a reference wall, consisting of
a concrete/100mm polystyrene/concrete sandwich with® a wooden framed
double—-glazed window in the centre, this was manufactured by Gibat in
France. The reference wall was tested on cells in many of the
participating countries with the intention that cross-comparisons between
different climatic sites could be made. However, a lack of wiformity in
the wall construction undermined this intention (Strachan, 9la). Complex
mechanical heating/cooling and ventilating equipment was installed in each
cell, but this was not used during the validation experiments.

The same Hewlett Packard data acquisition system was installed at all the
PASSYS sites, along with a standard set of weather data sensors. These
were sufficient to provide the key data inputs to ESP. Numerous internal
sensors to measure temperature, heat flux and comfort were used in various
cells at various times. However, during the validation experiments, only
internal air temperature and heating power input were recorded (Pimmey,
90).

4.3 Monitoring

In PASSYS 1, the only potentially useful data sets for model wvalidation
were collected in two of the cells in Glasgow. These covered a 32 day
period in which both cells had the opague 'calibration' south—facing wall
attached (Fig. 7, Plate 1). Cell 1 was free floating whilst Cell 2 was
intermittently heated as follows: 4 days free floating; 4 hour radiant
heat pulse of 2kW; free floating to within 0.5°C of correspording cell 1
temperature (about 6 days, 16 hours); 2 hour convective heat pulse of 2kiW;
free floating to within 0.5°C of corresponding cell 1 temperature (about 4
days, 4 hours); constant heating to 30°C for 5 days; and finally, free
floating decay (about 7 days, 12 hours). The only measurements were the
air temperature in Cell 1 and the air temperature and heating enerqgy input
in Cell 2. ‘The PASSYS IT data is not openly available so will not be
discussed further here.

Comparisons between ESP predictions and the measured air temperatures in
both cells have been reported (Pinney, 90). Uncertainties arise
primarily because of 'crude' attempts to account for heat bridging and
edge/corner effects in the cells (which ESP was not simulating).
Uncertainty in the air infiltration rate (0.1+/-0.lach-!) and service room
temperature (20.7+/-2°C) each lead to large uncertainties. Also worth
noting is the degree to which the Cell 1 internal air temperature Ffloats
above ambient temperature, and the negligible response to external air
temperature. A likely cause of this is the fact that the external
surfaces are very well insulated (U<0.1Wm 2K-!) whereas the connecting
door to the service room was not (U=1.5 Wm 2K-!). Since this room was
held at around 20°C during the experiments, the cell was being slowly fed
with heat from the service room. More recently, polystyrene insulation
has been added to the service room door to reduce this adventitious heat
gain. Nevertheless, it is likely that the service room must be modelled
explicitly.

4.4 Critique
The PASSYS project has the potential to gather high quality data for

validation, given the data acguisition system, the sensors and the
expertise available. However, the data produced to date is limited and
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has a relatively high level of uncertainty. Future work may yield more
valuable validation data than that already collected.

Validation work within PASSYS is however fundamentally constrained by the
test cell itself. In particular, the very high levels of wall insulation
which magnify the importance of heat exchange: through the south wall; by
infiltration; due to edge and cormer effects; and due to heat bridges.
The latter three factors result in large uncertajnty bands being
attributable to the predictions of ESP, however efforts are being made +to
circumvent these difficulties. Even if these problems can be circumvented
the heat flows through the south facing wall, opaque walls, and by
infiltration are unlikely to match those found in typical dwellings. The
problems stem partly from the PASSYS cbjectives to both validate and to
test camponents ard from the decision to use factory built cells. If
cells are not built by the group which will monitor them, then there must
be close co-operation between the two groups during the construction stage
and close supervision of the manufacturing process. The Gibat reference
wall problems are a further illustration of the problems which arise due
to poor construction supervision. It is always possible that other parts
of the PASSYS cells do not conform precisely to the specification and,
where such differences are hidden (within the wall for example), they may
not be detected, but have a major impact on the thermal pexrformance of the
cell.

5. EMC — ETSU Rooms

5.1 Test RFooms

The Energy Monitoring Company (EMC) simultanecusly measured the thermal
performance of six test rooms in a series of experiments funded by the
Department of Energy, Energy Technology Support Unit (ETSU). The rooms
were nominally the same and grouped in pairs, with an attic space above
(Fig. 10). In fact, they are modified PCL test cells, (the ceiling is
lower, reducing the cell height and south facing wall area) giving
internal dimensions approximately 1.5m wide x 2.3m deep X 2.3m high. The
outer shells are of stud-frame construction, and a layer of concrete slabs
lines the floor. (Fig. 11). The cells were extremely well insulated and
sealed, to reduce uncontrolled infiltration to less than 0.05ach-!.
Menufacturers data were available for the thermophysical properties of
some of the materials. The site handbook (Martin, 90b) describes the
cells in great detail, care having been taken to include all the
information needed by thermal models.

5.2 Operation of Rooms

For the program validation experiments described here, six rooms (RO, RI1,

...R5) were used. Each room had a different south facing surface and
heating system (Tables 1 and 5). Eight blocks of experiments, six lasting
10 and two lasting 49 days, were undertaken over a four year period. Each
set varied in temrms of the thermostat set point, the thermostat type,
the heating schedule, and the rate of mechanically induced infiltration
(Table 4). This mechanical ventilation system was capable of delivering
betweenOandBairchangespermuraxxirecordjngtheratetowiﬂﬁn 2%.
The radiant heaters used were 750W oil-filled electrical radiators. For
some experiments these were converted into convector heaters by housing
them in a stainless steel shield. The heaters were placed close to the
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