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Abstract

The purpose of this project is to examine and discuss the implications of the
new Directive of the European Union on the Energy Performance of Buildings
and to then introduce the concept of using integrated energy simulationtools

as away to assess the requirements of this Directive.

A general background review and a description of the Directive' s proposals
are undertaken in the first chapters. The key point made is that the method of
implementing this Directive is not yet specified. This thesis establishes a
methodology that could integrate all aspects of the required calculations for
the energy performance of buildings. I n addition, the project examines whether
or not integrated simulation tools can deal well enough with the complexity of
integrating all of a building's energy performance aspects to answer the

requirements of the Directive.

A case study building was modelled using the ESP-r simulation program in
order to examine the way in which different energy performance aspects (i.e.
thermal insulation, heating, orientation) are dealt with, combined and
integrated by this program. Results for different constructions U values,
heating control strategies, climate conditions, building orientation, occupancy
levels and air tightness of the building were produced by ESP-r. Moreover, a
comfort analysis for the occupants of the building was also undertaken for

each change.

Finally, the thesis briefly describes the potential benefits of providing a
building energy and environmental overview in the form of an Integrated
Performance View (IPV), containing and presenting concisely (e.g. by using
graphs) al of the information relating to the energy performance aspects of a

building model, with regard to addressing the requirements of the Directive.
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1 Introduction

1.1 Energy and buildings

Present day buildings tend to be energy dependent to such a degree that
without energy they could not be operated or inhabited. Energy in buildings is
primarily used for lighting, heating, ventilating and cooling. Secondary uses
include domestic hot water, vertical transportation, etc. The amount of energy
actually consumed depends on the design of the building, its systems and how
they are operated. However, according to the European Commission’s figures®
&2 40.7% of tota energy demand is used in the residential and tertiary
sectors, with the majority of such energy consumption being building-related.
Space heating is by far the largest energy end-use of households in Member
States (57%), followed by water heating (25%). Electrica appliances and
lighting make up 11% of this sector’s total energy consumption. For the
tertiary sector the energy consumption for space heating is lower than the
household consumption (52% of the total sector’s energy consumption), while
lighting and office equipment plus “others’ stand at 14% and 16%
respectively. Approximately 10% of the consumed energy in buildings comes
from renewable energy sources. Thus, energy use in buildings is a mgor
contributor to fossi| fuel use and carbon dioxide production.

In relation to energy that is used in buildings br heating, hot water, air-
conditioning or lighting purposes, the European Commission estimates that a
potential saving of around 22% of present consumption could be fully realised
by the year 2010 by implementing energy efficiency and energy conservation
measures in new and existing buildingst 2. These measures will make
necessary the construction of buildings with better energy design and
performance and the use of high efficiency electrical, heating and equipment
generaly. This figure has been based on the assumption of a normal rate of
retrofitting and rehabilitation for existing buildings, a net increase in the
building stock of around 1.5% per year, and a successively increasing share in

the use of best available technologiesin buildings®.

" Tertiary: includes offices, wholesale and retail trade, hotels, restaurants, schools, hospitals, sports
halls, etc. but excludesindustrial buildings
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1.2.2

Improving the energy performance of buildings

Energy performance in buildings

According to the European Commission's definitiorf, the energy
performance of a building can be defined as “ the total energy efficiency of a
building, reflected in one or more numeric indicators which have been
calculated, taking into account insulation, installation characteristics, design
and positioning, own energy generation and other factors that influence the

net energy demand” .

Climate, Sustainability and Global Warming — Background

iIssues relating to living on earth

Climate has played a dominant role in shaping human culture and the
gructure of civilization over the last severa thousands years. As the glaciers
of the last ice age retreated, the climate became suitable for the domestication
of asmall number of plants and animals. The Neolithic times marked the birth
of agriculture, and the construction of permanent settlements. These
settlements in turn either joined together or were conquered to form kingdoms
and empires. The ability of ever-growing human populations to survive has
depended upon arelatively benign climate that has a sufficiently long growing
season and adequate precipitation. Likewise, the manner in which appropriate
shelter is constructed and most commerce and trade is conducted depends
upon a predictable and relatively stable climate. The industrial revolution
insulated some aspects of human activity from the vagaries of the weather but
climate till plays a significant role the form taken by the infrastructure of
cities, transport systems and power generation. If the climate is not stable,
highly variable or subject to wild swings in precipitation, drought or storms,
people and economies can become vulnerable.

The principle embodied in sustainability is that the current generation
should meet its own needs without compromising the ability of future
generations to meet theirs. A drastically or irreversibly atered climate system
has the potential to compromise the ability of future generations to meet their

needs if, for example the climate system changes so much that people would



find it more difficult to grow food, protect themselves from weather related
events, or if they suffer more severe pollution, diseases or pest infestations.
Future generations could also be impoverished if there is a significant decline
in the number of species or the population of plants ad animals that survive
under an altered climate system, in other words, if the balance is upset. An
additional equity issue is that the people who are most vulnerable to these
changes are those who are poorer, and who depend upon the reliable weather
and environmental conditions to provide goods and services such as food and
shelter. While subsistence farmers, fishers and forest dwellers might suffer the
greatest consequences of climate change, they will probably have contributed
little to causing those changes. Adverse climate consequences are aso likely
to more severely affect people in developing countries.

However, the threat of changes in the Earth’s climate exists today and the
most publicised risk is that of global warming. The Earth’s temperature is
approximately 33°C warmer than it would be naturally because there are trace
gases in the atmosphere that trap radiant heat from escaping back into space
(Figure 1). However, human activities, and additionaly, the release of
industrial gases are increasing the concentration in the atmosphere of all the
natural greenhouse gases (water vapour, carbon dioxide, carbon monoxide,
CFC’'s, methane, etc.), which have until now provided earth dwellers with a
much needed “heat trap”. This increase in concentration is now equivalent to
approximately 0.7% of the solar energy reaching the Earth’s surface. The rise
in the Earth’s average temperature since 1861 is estimated to be 0.6 + 0.2°C
and according to Dr Moomaw? from the Fletcher School of Law and
Diplomacy at the Tufts University in USA, lies outside the range of normal
variance in the climate record for the past 1000 years. The twentieth century
and in particular the decade of the 1990s are the warmest duing the last
millennium. Moreover, 1998 is the warmest recorded single year recorded
since records were kept, at around 1.1°C warmer than the average expected
temperature extrapolated over the 900 years prior to 1900. In addition to the
effect on general weather, many other consequences of global warming and
climate change have been measured including lengthened growing seasons in

northern latitudes, thinning arctic ice sheets, retreating glaciers, declining coral



reefs, rising sea level increased precipitation and droughts, and altered

migration patterns of birds and mammals.

The Greenhouse Effect
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1.2.3 Why set standards to calculate the energy performance of
buildings?

It has been found that one of the most significant contributors to the
production of the greenhouse gases is the consumption of fossil fuels. Carbon
dioxide is one of the basic greenhouse gases and globally, buildings account
for 31.5% of energy related carbon dioxide emissions. It is estimated by the
Intergovernmental Panel on Climate Change (IPCC) that cost effective energy
conservation measures could be effected in the energy sector by using
available technology that would lower carbon dioxide emissions by 27% by
2010, 31% by 2020 and 52% by 2050%. However, even to achieve such cost
effective goals would require international government agreements and an
associated policy on energy conservation. Within this, it is generally accepted
that a major contribution could be made by the introduction of a set of specific
measurements and checks for the energy performance of buildings. Following
uncertainties in energy supply and concern over the risk of global warming,
many countries have now introduced target values for reducing energy

consumption in buildings. Overall, these are aimed at reducing energy



consumption by between 15-30%>. But as yet no set structure has been agreed
to put such a scheme into effect.

Assessment of energy performance is important at all stagesin the life of a
building: at the design stage, during construction and throughout the life of the
building. A great deal of energy can be saved during the construction of new
buildings and even more so in the renovation of existing buildings. If the
conservation of energy is considered in the early stages of design, much can be
achieved at low cost. In the past, housing developments for example, in Milton
Keynes in UK®, have shown that it is possible at little additional cost to reduce
heating costs to between two-thirds and one half of those in otherwise
equivalent houses by incorporating higher insulation standards than are
currently required by Building Regulations, and to one third by
conscientiously adopting an energy-saving approach to design. The additional
building costs can be recovered by savings on energy bills within five to seven
years®. Such assessments may be used as a measure of the relative energy
performance of the building stock of nations or simply as a yardstick for
comparing two buildings containing similar activity systems. Energy
performance criteria may also be used to check design predictions or as abasis
for relevant standards. This is regarded as a key issue with regard to the
development of this thesis.



2 Directive of the European Parliament and of the

council on the energy performance of buildings

2.1 Indroduction to the Directive

Considering that residential and tertiary buildings account for more than
40% of final energy consumption in the European Community?, the European
Commission took the initiative on 11/05/2001 of proposing a Directive aimed
at promoting the improvement of the energy performance of new and existing
buildings in al EU Member States. A key feature of the Directive is in
ensuring as much as possible that only such measures as are the most cost-
effective are undertaken. This proposal is a follow-up to earlier Directives
relating to building energy efficiency on boilers (92/42/EEC), construction
products (89/106/EEC) and SAVE programme provisions on buildings. And
although there is already a Directive on the energy certification of buildings

(Directive 93/76/EEC), this was adopted in a different political context: having
been agreed before the Kyoto agreement and before the uncertainties that
recently have been raised in connection with the security of energy supply in
the Union, thus it may have smilar, but does not have the same objectives as
this Directive. The latest document outlines an additiona instrument, that is,
putting the subject of energy performance into the context of new challenges
and proposing more concrete action to fill any gaps. It is the first time that the

European Commission has stated the need to prove the integrated energy

performance of buildings. This new Directive gives practical expression to the
priorities set up in the Green Paper® on the security of Energy Supply with
regard © energy efficiency and renewable energy. Firstly, it recognises that
the European Community is increasingly dependent on external energy
sources and secondly, that greenhouse gas emissions are on the increase. The
European Community can have only limited influence on the energy supply
but can influence energy demand. One possible solution to both of the afore-
stated problems of limited energy resource and gaseous emissions is to reduce
energy consumption by improving energy efficiency and by implementing low

energy design strategies.



However, given the low turnover rate of buildings (their typical lifetime

being 50 to 100 years), the European Commission has included in its proposal

certain measures that also target the existing stock of buildings, which

comprises the largest potential for improving energy performance in the short

and medium terms. The proposed Directive lays down a framework that will

lead to increased coordination between Member States with regard to

legidation in this field, and cowers the building envelope and installed

equipment such as heating, air-conditioning and ventilation. It does not cover

measures for non-installed equipment such as domestic appliances (including

kitchen appliances), which together are responsible for 18% of the total energy

consumption in the residential sector.

2.2 Main Elements

In this thesis it is proposed to outline the main elements of the Directive in

general and then to examine key aspects of these in detail. The four man

elements are:

A)

B)

Establishment of a genera framework of a common methodology for
calculating the integrated energy performance of buildings (Articles 1
and 3). This approach is aready being applied both in EU Member
States such as Germany, France, the UK, Italy and the Netherlands and
outside the EU (in the US, Australia, Canada and New Zealand, for
instance). However, the Directive now proposes a single common
methodology that would facilitate the comparison of buildings
throughout the EU for prospective users and that would form a basis
for the adoption of integrated minimum energy performance standards
for different building categories, reflecting local circumstances and

particularly taking into account climatic differences.

Application of minimum standards of energy performance to new
buildings and to certain existing buildings when they are renovated
(Articles 4 and 5). Under the European Commission’s proposal, hew

residential buildings and dwellings as well as new buildings in the



C)

D)

tertiary sector should meet the minimum energy performance standards
based on an integrated methodology. Furthermore these standards
should also be applied to larger existing buildings (i.e. those of more
than 1000 n?) when the buildings undergo substantial renovation.

Certification schemes for new and existing buildings on the basis of the
above standards and public display of energy performance certificates
and recommended indoor temperatures and other relevant climatic
factors in public buildings and buildings frequented by the public
(Article 6). The European Commission believes that clear information
will influence the rent that owners can set and therefore will be an
incentive for them to make investments in the energy efficiency of
buildings and houses. As the tenant normally pays the energy hill,
currently the incentive for the owner to invest in energy efficiency is
low. Making clear and reliable energy performance information
available to prospective tenants ought to help make these investments
more attractive. The certificates, which should rot be more than five
years old, should include accompanying advice on how to improve the
energy performance of the building. Certification for new buildings is
at present mandatory in Denmark and Germany. For existing buildings,
only Denmark has a mandatory scheme, but several Member States
have voluntary programmes. The European Commission highlights the
example of Denmark, where “certification together with the
implementation of identified measures, has provided a more than 13%

return on investments’.

Specific inspection and assessment of boilers and heating/cooling
instalations (Articles 7 and 8). Boilers with an effective output of
more than 10 kW (athough most boilers of under 10 kW are adequate
for smaller dwellings, domestic combination boilers are generaly rated
at over 20 kW), with accumulation capacity up to boilers for blocks of
flats and offices, should be regularly inspected to improve their
operating conditions. Such an inspection is compulsory in 10 Member

States, whilst the others apply voluntary schemes and information



programmes. Provision has also been made for the regular inspection
of air conditioning systems with an effective output of more than 12
KW.

2.3 Evaluation and Application Issues

It goes without saying that the proposed Directive has only good and
logical intentions, objectives and scope. However, it is not clear from the
document how the proposed measures will be applied, and what evaluation
and assessment techniques will be the most appropriate.

The document stipulates that new buildings must comply with minimum
energy performance standards. However, nowhere in the Directive or its
annexes are these minimum standards -whether common, or specific to each
Member State,- defined and no statement is made or advice given on how to
make this effective. The Directive aso refers to energy performance
certificates for new and existing buildings but does not specify what these
should include or who will be €eligible to provide such certificates. Neither are
adequate details provided regarding exactly what information should be
displayed in public buildingsg/buildings frequented by the public, what the
recommended values for these units should be and whether these will be
“measured” by prediction or by monitoring. Moreover, the Dir ective does not
clarify how the inspections and the assessments of boilers and air-conditioning
systems should be effected: e.g. by monitoring or by applying other practical
measures? The Directive aso emphasises a common methodology for
evauation of integrated energy performance standards by changing the
National Regulations of the Member States, but it is not clear by what means
al of the factors concerned with the calculation of the energy performance
(insulation, heating and cooling installations, etc.) should be integrated and by
whom the performance will be evaluated — whether by self certification or by

registered assessors.



2.4 Assessment Options and Opportunities

Despite the fact that the Directive is unclear with regard to method of
assessment, nevertheless it offers an opportunity to, and challenges for,
building design professionals. One method by which the design community
could rise to this chalenge is to begin to address the issue of integrated
performance (as set out in the Directive) as a standard in-house activity and
one method by which this could be achieved is through the use of integrated
performance appraisal. By so doing, these professionals would find themselves
in a position whereby whatever method the European Commission eventually
adopts, they would be prepared to respond.

There are many possible methods and systems that could be used to
undertake such an evaluation but most of these are steady state models and
therefore cannot truly predict overall annual performance. However, the
adoption of a dynamic simulation approach is one method that could possibly
address very well the requirements of the Directive. The next phase of this
project will therefore attempt to examine the option of integrated performance
assessment with regard to assessment of the Energy Performance Directive by

the use of dynamic building simulation.
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3 Integrated simulation as a method to assess the

Energy Performance Directive

As suggested at the end of the previous chapter, a dependable energy
performance assessment would require the use of a dynamic technique,
involving complex algorithms that take into account specific attributes of the
building and its context. The lengthy calculations required to estimate year-
round energy behaviour together with developments in computing power over
the last three decades have hastened the development of building energy
design tools, both manual and computer based. However, one tool that can
estimate the integrated energy performance of buildings and which —as will be
demonstrated in this project- can make it possible to achieve the objectives of
the Directive, is integrated simulation. Integrated ssimulation allows owners,
tenants and designers of buildings to understand the interrel ationships between
building design and performance parameters, to identify potential problem
areas and in this way to implement and test appropriate design and retrofit
building modifications. The aim of integrated simulation is to preserve the
integrity of the entire building/plant system by simultaneously processing all
of the energy transport paths at a level of detail commensurate with the
objectives of the problem in hand and the uncertainties inherent in the
describing data2. To this end, a building should be regarded as being systemic
(many parts make the whole), dynamic (the parts evolve at different rates),
nortlinear (the parameters depend on the thermodynamic state) and, above all,
complex (there are myriad intra- and inter-part interactions). To achieve high
modelling integrity, a simulation program aims to preserve these intrinsic
characteristics.

The complexity and sometimes, the computational power requirements and
the associated cost, have, in the past, been the main barriers, to adopting
energy simulation tools for professionals dealing with energy matters in
buildings. However, in the last few years, computational power has advanced
significantly and thus, ssmulation tools have been developed, which now
alows professionals access to simulation without demanding high
computational power and generaly at a lower cost than previously. And with

regard to the barrier of the complexity in using simulation, there are now

11



emerging new and cheaper ways of training on these tools (e.g. online
tutorials, distance learning courses, specialist support agenciest?). All of these
are making it easier for professionals to use smulation and by thus, to address
the issues of the Directive. So, now even if the new Directive does not specify
implementation methods, professionals dealing with energy matters in
buildings may now have an opportunity to address all of the associated issues
by using energy simulation tools. In addition, the wider use of simulation will
be beneficia in terms of producing results against which the measures outlined
in the energy performance Directive can be evaluated and implemented, thus

proving the simulation route to compliance.
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4 Simulation: The options

4.1 Selecting atool

Nowadays, construction design professionals have access to many
respected energy simulation tools, concerned with the energy performance of
buildings. The best-known examples are: EnergyPlus, DOE-2, BLAST,
TRNSY S, SPARK, ESP-r, TAS, etc. Of these programs, the author had access
to ESP-r and therefore this was the model selected for this thesis as a test-bed
for the hypothesis that dynamic simulation could be used by design
professionals to meet the proposed requirements of the new Directive.

The ESP-r system has evolved to its present form over more than two
decades. From 1974 to 1977 the University of Strathclyde!! developed the
initiad prototype and since then funding from various sources including the
UK’s Engineering and Physical Science Research council and the R&D
Framework Programmes of the European Commission the model has been
continuously developed at the Energy Systems Research Unit (ESRU) of the
University of Strathclyde.

ESP-r is able to model the energy and fluid flows within combined building
and plant systems. In total, a number of interrelating program modules that
address project management; simulation; database management; results
recovery and display and report writing. In terms of geometry, construction
and usage profiles, buildings are divided to one or more zones. These zones
are then inter-locked to form a building, in whole or in part, and moreover
leakage distribution is defined to enable air flow simulation f required. A
plant network may be defined by connecting individual components. Finally,
the multi-zone building and the multi-component plant are connected and
subjected to simulation processing against user-defined control. The entire
data preparation is achieved interactively, and with the aid of pre-existing
databases that contain standard event profiles, constructions and plant
components. Additional modules exist to permit an increase in simulation
rigour if the related data is available. A central Project Manager allows
importing/ exporting of building geometry from/ to CAD packages and other
specialised ssimulation environments such as Radiance for lighting simulation.

13



ESP-r is equally applicable to existing buildings and new designs, with or

without advanced technologica features. By using ESP-r and by inserting the

appropriate inputs, professionals can estimate®:

+

The peak building or plant loads and the rank-ordered causal energy
flows.

The effect of some design change, such as increasing wall insulation,
altering the window size and shape, changing the glazing type or
distribution, re-zoning the building, introducing daylight control devices,
re-configuring the plant or changing the heating/cooling control regime.
The optimum plant start time or the most effective algorithm for weather
anticipation.

The variation of comfort levels throughout the building.

The benefits that should be expected from the different possible lighting
control strategies.

The relative merits of different heating and cooling systems and their
associated controls.

The effect of temperature stratification, in terms of zone sensor and
terminal unit location, on energy consumption and on comfort control.
The contribution that building infiltration and zone-coupled air flow make
to total boiler or chiller load and ways of minimising this.

The effect of suggested design alterations to the air flow and to fresh air
distribution (i.e. indoor air quality) within the building.

The effect of special glazings (such as holographic, thermotropic, low-e or
electrochromic glazing) on summer overheating.

The benefits of architectural building features such as atria, courtyards,
sunspaces, €etc.

The contribution, in terms of energy saving and thermal comfort, of a
range of passive solar (heating or cooling) features.

The optimum arrangement of constructional elements to encourage good
load levelling and hence efficient plant operation.

The energy consequences of non-compliance with prescriptive energy
regulations or, conversely, how a design should be modified to come

within some deemed-to-satisfy performance target.

14



+ The appropriate heat recovery system that performs best under a range of

typical operating conditions and so on.

This allows the user to understand better the interrelationships between
design and performance parameters, to then identify potential problem aress,
and so to implement and test appropriate building, plant and/ or control
modifications. The resultant design should as a result be more energy
conscious with better comfort levels attained throughout than would otherwise

have been the case.

4.2 Analysis of simulation tool ability to address the
requirements of the Directive

As set out in the new Directive, the European Commission aims to improve
the energy performance of new and existing buildings and to provide a clear
legidative framework, which will create the opportunity to save energy and
enhance opportunities for cooperation between Member States. Thus, (and
because buildings, as aready mentioned before, are responsible for a
significant proportion of total energy consumption), basic goals such as the
reduction of the greenhouse gases emissions in the atmosphere and the
avoidance of the perpetuation of an energy dependant Europe, could be
achieved. Akin to this is the innovative proposal that for the first time,
according to the Directive (ANNEX), a common methodology of calculation
of energy performances of buildings should be established and that the targets
should be achieved by integrating the aspects listed below. A s a first step,
although the final case study considers only ESP-r, with a view to establishing
how easy it would be to adopt a modelling approach generally, a brief
assessment of how well, or otherwise, some of the best ssimulation tools handle
each of respected these key aspectsis outlined in each section.

» Thermal insulation: This aspect includes insulation for both building shell

and building/plant installations. The most important issue to be considered

with regard to ssimulation and that which affects the calculation of energy

15



performances of buildings, is the overal fabric heat loss. This value is
determined by the therma properties of the materials, the convection
coefficients and the arrangement of the different insulation layers. Moisture
transparency, absorption of solar radiation and diffusion resistance could aso
be considered here and these also affect the calculation of the energy
performance.

ESP-r deds very well with the calculations associated with the thermal
insulation of the building shell, however it is not really an appropriate tool for
building/plant installations insulation calculations as it does not model plant at
this level of detail. The VEX simulation tool and more specifically the INDUS
Pro and the PISCES Procan, which are parts of VE, can make calclulations for
the insulation and the sizing of ducts and pipes installations. IES, the
developers of VE have recently undertaken a full implementation of the UK
2002 Building Regulations relating to the conservation of fuel and power. In
addition, the TAS! simulation tool also copes well with plant installations
because it combines building and plant simulation and automatically
determines component sizes. EDSL, the developers of TAS have also recently
designed a new UK 2002 Building Regulations relating to the conservation of
fuel and power compliance checker. Thus all of these tools could be used to
deal with this aspect of the Directive, athough ESP-r may need to ded with
plant modelling differently of by modification.

Heating installation and hot water supply: The efficiency of the HVAC
installations and especially of the boiler is also an important factor that should
be considered during the calculation of the energy performance of a building.
More specifically, the efficiency should be considered for both full and part
load. Additionaly, the boiler sizing compared with the heating requirements
of the building has important role to play in the calculation of the energy
performance of a building. Different types of heating and hot water supply
installation (i.e. central heating, district heating, etc.) with different fuels (gas,
oil, etc.) and equipment could also be examined in order to increase the
efficiency and control the emissions. In this way, improvements in energy
performance can be examined and the impact of improved efficiency on CO,

emissions estimated.
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Although, ESP-r produces results concerned with the heating requirements
of the building and the heating loads, sizing of the heating installation and
boilers requires some manipulation Some simulation tools which are designed
to do this automaticaly are: VE (APACHE-HVAC); TAS, EnergyPlus’®;
TRNSY S,

Air-conditioning ingtallation: Similarly to the heating installation, the
efficiency at full and part load of any air-conditioning systems and the sizing
of this compared with the cooling requirements affect the energy performance
calculation. Different types of air-conditioning installation with different
refrigerants (i.e. R12, R22, etc.) and equipment should be examined in order to
increase the efficiency, to limit the environmental impacts and as a result to
estimate ways to improve the energy performance of the buildings.

For air-conditioning, ESP-r has similar cabilities as it has for heating
installation design. In other words, plant sizing is not automatic. The same
simulation tools as previousy (VE (APACHE-HVAC); TAS; EnergyPlus;
TRNSYS) have in-built features for the sizing of air-conditioning installatiors.

Ventilation system: The efficiency and the sizing of ventilation systems
compared with fresh air requirements also affect the calculation of the energy
performance of the building. Moreover, the various ventilation systems (i.e.
mechanical, natural, etc.) should be examined at every stage of the design
process for differences in the energy performance of a building as the design
evolves.

ESP-r is a very good tool for ventilation system design and analysis.

Alternative tools with similar capabilities are: EnergyPlus and TAS.

Lighting installation: The efficiency (or the energy consumption) of lamps
and luminaries should be considered in the calculation of the energy
performance of buildings and the option of using high efficiency lamps and
luminaries should be examined. In addition, the introduction of daylight, the
effects of room surface reflectance properties, visual comfort, lighting control
strategies and alternative daylight capture and shading strategies will affect the

energy performance.

17



Many simulation tools deal specifically with this aspect. Radiancet®,
EnergyPlus and TAS for example. VE and ESP-r have their own Radiance

interfaces.

Position and orientation of buildings: The impacts of wind speed and
direction as it impacts on the wall surfaces of a building are important for the
calculation of the energy performance (because for example, the convection
coefficient and the heat losses or gains are affected by the wind’s speed and
direction). By constructing the buildings in an appropriate position or
orientation, the wind speed and the wind direction can be controlled in a way
that would improve the energy performance of the building. The same should
happen by checking, basically for active solar gains, the solar radiation to the
surfaces of a building and the ground reflectance, mainly for the reflectance of
the solar radiation to the building surfaces.

ESP-r ideally suited for the study of this aspect but TAS, VE, EnergyPlus

and TRNSY S simulation tools also give good results.

Solar systems and other heating and electricity systems based on
renewable energy sources. The potential benefit of any additional energy
production from these systems should be considered as a positive factor in the
calculation of energy performances of buildings and the associated
contribution to the reduction of CO, emissions. Therefore, if considering such
systems, these should be optimally sized to meet appropriate proportions of
the building’ s energy demands. However, as such systems can be expensive to
install, resulting in highly paybacks, feasibility studies comparing their costs
with those of conventional systems should be carried out in all cases.

ESP-r is very reliable for this aspect but TRNSY S and Energy Plus (DOE-

2) have also very good performance.

Electricity produced by CHP and/or district heating systems. Similarly to
the renewable energy sources systems outlined above, any additional
production from these systems affects the energy performance calculation. A
comparison of this production with the demand and a feasibility study for the

cost of these systems are also essential.
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ESP-r and TRNSY S simulation tools have very good flexibility to address
this aspect.

It should be noted that the Life Cycle Analysis of al of these aspects
should be considered during the process of calculation of the erergy
performances of buildings. The value of the energy performance will change

during the life cycle of the equipment that is concerned with the above aspects.

Although it is not explicit in the Directive, there are few additional aspects
that the methodology of calculation of energy performances of buildings

should consider. These aspects are:

Climatic conditions. The ambient temperature, humidity and wind speed are
some of the basic factors that should be considered during the calculation of
energy performances of buildings. Comparing for example identical buildings,
which are located in places with different climatic conditions, it is evident that
the heating and cooling requirements will be different. In other words, if these
buildings had the same heating and air-conditioning systems, then the
efficiency of these systems would not be the same.

All of the reliable simulation tools are taking into account the climate
conditions that buildings are placed. ESP-r and EnergyPlus are the most
respected in this area

Indoor air quality: The energy performance of the building will be affected
by the condition of the air inside the buildings (i.e. for buildings in different
climates) and in particular the temperature and humidity.

ESP-r can deal very well with this aspect by giving comfort assessments for
the occupants of the building. Other smulation tools, which address very well

this aspect, are VE and EnergyPlus.
Occupation density: Higher occupancy levels result in a requirement for

fewer buildings and lower overall CO, emissions from the built environment

but at the same time can result in higher energy consumption per building due
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to increased cooling loads, and power requirements. This affects the
calculation of energy performances of buildings.

Suggested simulation tools to examine this aspect are the ESP-r, TAS and
VE (APACHE).

Building envelope air tightness. The air tightness of the building envelope
will affect the conditions of the air inside the building or the energy
consumption (e.g. for heating) and it should thus be considered in the
calculation of the energy performance.

ESP-r is a very good simulation tool to deal with this aspect. Additionally,
VE (APACHE), EnergyPlus, TAS and TRNSY'S could be used for the same

purpose.

It is clear that to address al of these issues is a highly complex issue that
could present barriers to the implementation of the Directive. Despite the fact
that not al smulation tools can yet deal with al of the above issues, it still
remains that only simulation could attempt to balance out al of the

interactions and the interrelationships between them.
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5 How

integrated simulation could be used

address the Directive: A case study

5.1 General issues for the case study

to

To investigate how these aspects can be integrated by using simulation, a

case study was selected and some of the key aspects: the thermal insulation

the heating installation the indoor air quality; the climate conditions; the

orientation of the building; the air tightness and the occupation density were
studied in detail with ESP-r.

The building (Figure 2), to be examined as the case study, is a two-floor

office block located in the northeast of Scotland. In additionto UK climate, but

climate data from Milan in Italy was also used to test performance of the same

building in this alternative location The building is represented as 17 zones - 1

for each lettable space, 1 for toilets, 3 for entry, 2 for stairs, 3 for ceiling voids

and 1 for the roof space.

B/

= o
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Figure 2
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5.2 Thermal insulation

The issue of thermal insulation is defined in the simulation by inserting and
specifying inputs. The material properties of the building constructions (walls,
windows, etc.) and for every thermal zone, for example, have to be defined. In
ESP-r, this is done by creating new or selecting from the pre-defined, existing
materials and constructions databases. In order to create a new materials
database, the name and the thermo-physical properties of the required
materials must beinserted into the simulation program. These thermo-physical
properties are: the conductivity, the density, the specific heat, the emissivity,
the absorptivity and the diffusion resistance. Although materials manufacturers
can often provide these properties, ESP-r’'s materials library includes the most
common materials that are used in buildings. Thus for the most part, users do
not have to search out materials properties. The next step is to define the
details for the constructions (walls, windows, etc.) of the building. Firstly, the
name of the construction must be specified and then whether or not it is a
transparent or an opague construction. Additionally, from the materials
database, the materias of the layers for each construction must be selected.
The thickness of these layers is aso needed for the caculations and it is
specified at this point. Finally, there is an option to add, delete or change the
order of the layers.

Applying al of these to the case study will make clearer the method of
calculation:

For one of the spaces that is used as an office, zone 3 or unit_f (Figure 3) of
the building, the U values of the constructions are going to be calculated. For
the construction prt_f-t for example, the construction database file is created
(Figure 4) by taking from the materials databases (Figure 5) the materials —or
by creating new databases- and by specifying the thickness of every layer of
the surface. The overall heat transfer coefficient is automatically calculated by
ESP-r (U value = 1.18 W/n?K) -as will be more obvious later- by changing
any of these inputs. By doing this to al of the surfaces, al the U values of the
zone are calculated. Moreover ESP-r has the ability to output a list (Figure 6)
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with the thermo-physical details of all the surfaces and to save them to afile

by capturing the text.

Composite Editing

a Composite: pri_f-t

b General type: Opaque

o Optical properties: OPAQUE
Mo of layers: B
Thickness: 10,2260

Layer |Priml Thick| Description

ldb | tmr | of material

108 0,013 White ptd Cypboard
00050 air 0,17 0,17 0,17
28 0,100 Block inner {3E mc)
00050 air 0,17 0,17 0,17
5 108 0,013 White ptd Gupboard

Standard U value: 1,18

2o A e
B oL B o I ]

I add or delete a layer
? help
- exit thiz menu

Figure3 Figure4

Element Details

a Descr : White ptd Gypboard
b Conductiwvity : 0,190

c Denszity = 950, 00

d Specific Heat: B4, 00

e Emiszivity * 0,91

f Abzorptiwvity 2 n,2z2

o Diffusion re=g 11,0

* Help

- Exit

Figure5
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Zone construction details for Unit_f { 33

Surface

prt_f-t

prt_f-g

ztr_3

ztr_4

east

north

west

ceil _f

floor

door

glz_e

gqlz_n

gqlz_u

|Layer IMat | Thick
| ldb | £m?}
108 00,0130
00,0500
28 0,.1000
00,0500
108 00,0130
Standard U walue
1 108 0,0130

L I = N I e

2 00,0500
2 28 0,.1000
4 00,0500

5108 0,0130
Standard U walue
1 108 0,0130

2 00,0500
328 0.1000
4 00,0500

5198 0,0130
Standard U walue
1 108 0,0130

2 00,0800
2 28 0.1000
4 00,0500

5108 0,0130
Standard U walue

1 45 0,.0040

2 281 0,.0800
347 0,.0040
Standard U wvalue
1 46 0,.0040

2 281 0,.0800
347 n,.0040
Standard U walue
1 45 0,.0040

2 281 0,0800
347 00040
Standard U wvalue
1 104 0,0130
Standard U wvalue
263 00,2500
262 00,1500
32 0,1500
00,0500
EF 0,0190
221 0,0060
Standard U wvalue
1 B9 00,0250
Standard U walue
1 242 0,.00E0)

2 00,0120

3 242 0,.00E0
Standard U value

1 242 0,0060
2 00,0120
30242 00,0060
Standard U value
1 242 0,0060
2 00,0120
30242 00,0060
Standard U value

[ By B SR S

|Conduc—IDensity

Itivity |
0,190 9500
0, 000 0.0
0,510 14000
0, 000 0.0
0,190 9500

for construction
0,190  950,0
0, 000 0.0
0,510 14000
0,000 0.0
0,190 9500

for construction
0,190 950,.0
0, 000 0.0

0,510 14000

0,000 0.0
0,190 9500
for construction
0,190 950,0
0, 000 0.0

0,510 1400,0
0,000 0.0
0,190 950,00
for construction

210,000 2700,0
0,040 12,0
210,000 2700,0
for construction
210,000 2700,0
0,040 12.0
210,000 2700,0
for construction
210,000 2700,0
0,040 12,0
210,000 2700,0
for construction
0,420 12000
for construction
1,280 1460.0
0,520 2050,0
1400 2100,0
0,000 0,0
0,150 8000
0,060  186,0
for construction
0,190  Fo0,.0
for construction
Q.7ED 27100
0,000 0,0
O.7BQ 27100
for construction

0. FEO  2710.0
0, 000 0,0
0.7ED  2710.0
for construction
0. FEO  2710.0
0, 000 0,0
0.7ED  2710.0
for construction

|Specif IR 1Salrl Description
lheat  lemizlabs |
840,00 0,91 0,22 White ptd Gupboard

0,0 air gap (R= 0,1702
1000,0 Block inner {3& mc
0,0 air gap (R= 0,170

840,00 0,91 0,22 White ptd Gypboard
oyp_blk_ptn iz 1,18

840,0 0,91 0,22 White ptd Gypboard
air gap tR= 0,170
Block inner (3& mci
% air gap (E= 0,1703

840,00 0,91 0,22 White ptd Gypboard
gup_blk_ptn iz 1,18

240,0 0,91 0,22 White ptd Gypboard

0.0

0,0 air gap (R= 0,1702
1000,0 Block inner (3% mc
0.0 air gap (R= 0,170

840,00 0,91 0,22 White ptd Gypboard
aup_blk_ptn iz 1,18
840,0 0,91 0,22 White ptd Gypboard

0,0 air gap (R= 0,170
1000,0 Block inner (3% mci
0.0 air gap (R= 0,170}

840,00 0,91 0,22 White ptd Gypboard
gup_blk_ptn iz 1,18

220,00 0,82 0,72 Grey cotd aluminium

240,0 Glazs Fibre Quilt

280,00 0,82 0,32 Wt cotd aluminium
insul_mtl_p is 0,46

220,00 0,82 0,72 Grey cotd aluminium

240,0 Glazs Fibre Quilt

220,00 0,82 0,32 Wt cotd aluminium
inzul_mtl_p iz 0,48

220,00 0,82 0,72 Grey cotd aluminium

a40,0 Glazs Fibre Quilt

220,0 0,82 0,32 Wt cotd aluminium
inzul_mtl_p is 0,46

837.0 0,91 0,50 Gypsum plaster
z=usp_ceil iz 4,79

873,00 0,90 0,85 Common_earth

184.0 Grawvel based

BR300 Heawy mix concrete
0,0 air gap (R= 0,170

2033,0 Chipboard

1360,0 0,90 0,60 bilton
grind_floor iz 0,86
2390,0 0,90 0,65 Oak {radial}
door is 3,23
B37.0 0,83 0,00 Plate glass
0,0 air gap (R=
837.0 0,83 0,00 Plate glass
dbl_gl=z is 2,74

837.0 0,83 0,05
2,0
ga37.0 0,83
dbl_glz i=
a37.0 0,83
2,0
ga37.0 0,83
dbl_glz i=

0,170

Flate glaszs
air gap (R=
Plate glazs

01703

Flate glaszs
air gap (R=
Plate glazs

01703

Figure6
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5.3 Heating Installation

5.3.1 Control

In order to study the heating installation aspect to which the Directive refers, a
control file has to be created in ESP-r to provide redlistic environmental
controls for zones, plant systems and fluid flow networks. Without this, the
simulation would be “free floating”, in other words without any environmental
control. Within ESP-r the hierarchy and data required to set thisup is:
1) Overdl control file definition
0 Sub-system definitions

= Zones

= Pants

= Flow

= Globa

2) Defined control loops
0 Sensor location
= Agpectsto be sensed
0 Actuator location

0 Number of day types

3) Defined day types
Number of control periods
Start and finish date of validity
Controller type

Start time

0
0

0

o Control law
0

0 Number of dataitems associated with control law
0

Data values such as maximum and minimum heating capacity,

temperature setpoints for the heating, etc.

Finally, these loops must be linked with the zones. By using control file in
the ssimulation process, typical outputs relating to the heating installation

25



performance can be extracted from the result analysis of the smulation. For
example, the sensible heating requirements are estimated for every different
zone and for the whole building. Information regarding the energy (in kWh)
that has to be delivered to each zone of the building and the number of hours
required for heating is produced by the smulation. Also, al of the sensible and
latent loads (in kW) for each specific zone and for the whole building are
calculated. The simulation results provide adequate information to allow the
user to determine the building’s net heating load. However, this ssmulation
tool (ESP-r) does not “size’ the heating boiler. The output relies on the users,
using their own experience with regard to applying boiler efficiency factors for
example. And manufacturer's data with regard to full and part load
characteristics would be required to assess annual energy requirements. Thus
although there is no direct way direct way to address the Directive from ESP-r
results, one option would be to conpare the frequency histograms for sensible
and latent loads that ESP-r produces with the efficiency-power graphs that
manufacturers of standardised boilers provide. However, there are many other
dynamic energy simulation tools that can address this aspect more readily than
ESP-r (TAS, VE, EnergyPlus, etc.).

The way that ESP-r addresses the aspect of heating as set out in the
Directive will be clarified through the af orementioned example:

To test ESP-I’'s appropriateness to assess heating requirements a control file,
winter2.ctl was created for the case study office building. The description for
the zone control sub-system is science park and a single control loop was set
up. For this control loop, sensors are sensing the temperature of zone with
actuators actuating the zone air point. The days were divided in to Weekdays,
Saturdays and Sundays (Figure 7) and the control loop was linked with al
ZOnes.

For the weekdays three control periods were created with validity dates
from the  January and ending on the 31% December. The design control
periods were: heating on from 08.00 - 17.00 with the rest of the day free
floating. The maximum heating capacity was set at 75 kW and the heating
sensor setpoint was 20°C (Figure 8). All of the values were selected in order to
facilitate examination of how ESP-r handles the aspect of the heating of
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buildings. For example the 75 kW value was selected after trying out a few
different values and checking the results analysis of the loads in different
zones for the maximum value (which was found to be just less than 75 kW).

For the Saturdays and Sundays, one single control period was set. This was
the same for both day types, and was created with validity dates also from the
1% January until the 31% December. In this case, the heating is arranged to
operate al day if the temperature of the zones is below the heating setpoint.
However, in this case, the setpoint was set at 10°C (i.e. relatively low, because
the building is not in use at the weekends). The maximum heating capacity
was set out to be the same as before and for this reason is again 75 kW (Figure
9).

The aspect of air-conditioning was not examined at this point and
consequently the cooling setpoint is set high (100°C). A briefly description of
all these:

1) Contral file: winter2.ctl
0 Sub-system definitions
= Zones: science park

2) One control loop
0 Sensors. Sensing the temperature of zone
0 Actuators: Actuating the zone air point
o Day types: Weekdays, Saturdays and Sundays

3) Weekdays
0 Three control periods
o Validity from 1% January to 31% December
0 Heating on fom 08.00 to 17.00 and the rest of the day free
floating
0 Maximum heating capacity: 75 kW, temperature setpoints for
the heating: 20°C

4) Saturdaysand Sundays

0 One control period
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o Vdidity from 1% January to 31% December

0 Heating on all day

0 Maximum heating capacity: 75 kW, temperature setpoints for

the heating: 10°C

Controls

a control focus > zones

b description: zcience p

¢ description: winter he
loops e

d link loops to zones

ark,
ating

chntll zensor |actuatorlday lwalid [period
loopllocationl locationltypelduringlin day

exit thiz menu

e 1 o o0 0 o0 0 owkd 1365 3

f Sat 1 365 1

g Sun 1 365 1

+ add/deletecopy control loop or day type
I li=t or check current control data

» update control data

? help

Figure

7

Contral periodz

function 1 day type 1
number of periods: 3

perlstartlsensed lactuated | control law
no, ltime |propertyl property |
1 0,00 db temp > Flux free floating
2 8,00 db temp > Flux bazic control
217,00 db temp F Flux free floating

Lo =11}

*®

adds delete a period
help
exit

=J

data

FH000,0 0,0 0,0 0,0 20,0 100,00

Figure

8
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Control periods

function 1 day type 2
number of periods: 1

perlstartlsensed lactuated | control law | data
no, ltime |propertylproperty |
a 1 0,00 db temp » flux  bazic control FROOO, 0 0.0 0.0 0,0 10,0 100,00

¥ adds delete a period
? help
- exit

Figure9

5.3.1.1 Simulation Results

The period between 2" and 18" February was examined and from the
simulation result analysis, the sensible and latent energy for heating was
determined for each zone and for the whole building. Moreover, the heating
system running hours are also calculated for each separate zone. In total,
21917 kWh of net sensible energy should be required for the simulation period
for the building (Figure 10). From the results analysis for this period, the
maximum, minimum and mean sensible and latent loads were also calculated
for every zone and in addition, the maximum total loads for the whole
building. It was found that for this period, the maximum load for the building
would be 483 kW and the maximum load for any single zone is 71.73 kW for
the roof zone (Figure 11). This would allow a design team to pinpoint any
problem areas with regard to excessive heat losses (or gains), etc. and to take
remedial action. Finally, although as previously stated, the efficiency of the
boilers at full and part load cannot be determined directly, different efficiency-
load graphs from the manufacturers of the boilers can be combined with the
frequency histogram (Figure 12) for the loads of the zones that ESP-r produces
in order to determine the efficiency of the boilers during the different loads.
However, if ESP-r were to be used as a tool to address the Directive, it is
recommended that a link or facility to impact the required manua data should
be implemented for this point.

For al these results —as Figures 10 & 11 show- the date and time is known.
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Period: Thu 2 Feb BOOhDO toi Sat 18 Feb @23h50O Year:1367 : simid 20m, outputB 20m

Zone total zenzible and latent plant used <kbhrs?

fohe Senzible heating Senzible cooling Humidification Debumidification
id name Energy Mo, of Energy Mo, of  Energy Mo, of Energy Mo, of
(kWhrzd Hr rqd  {klhrs} Hr rgd  (kWlhes) He rgd (kWhezd He rgd
1 corid_1 3h4 .82 131.7 0,00 0,0 0,00 0.0 0,00 0,0
2 corid_g 834,24 196.3 0,00 0,0 0,00 0.0 0,00 0,0
3 Unit_f 2023.41 2277 0,00 0.0 0,00 0,0 0,00 0.0
4 lnit_g 800, 181,0 0,00 0,0 0,00 0,0 0,00 0,0
5 Unit_j 3497 ,94 2233 0,00 0,0 0,00 0,0 0,00 0,0
B Unit_a 335,058 2273 0,00 0,0 0,00 0,0 0,00 0,0
7 Unit_b 516,85 111.7 0,00 0.0 0,00 0,0 0,00 0.0
g lUnit_e 172,93 218.3 0,00 0,0 0,00 0,0 0,00 0,0
9 Unit_hi 1634 ,62 10a,0 0,00 0,0 0,00 0,0 0,00 0,0
10 Unit_cd 868,83 1120 0,00 0,0 0,00 0,0 0,00 0,0
11 ceil_fq B33.09 118.3 0,00 0,0 0,00 0.0 0,00 0,0
12 ceil_chi BG83 112.0 0,00 0,0 0,00 0,0 0,00 0,0
13 ceil_j 348,53 1227 0,00 0,0 0,00 0,0 0,00 0,0
14 stair_abfg 166,27 148.7 0,00 0,0 0,00 0,0 0,00 0,0
15 stair_deij 176,49 142.3 0,00 0,0 0,00 0.0 0,00 0,0
16 toilets 288,46 112.0 0,00 0,0 0,00 0,0 0,00 0,0
17 roof 2209,38 176.3 0,00 0,0 0,00 0,0 0,00 0,0
ALl @ 0,00 0,00 0,00
Figure 10
fone zenzible + latent load Ckl:
lescription faximim Mirimum Mean  Standard
value  ocourrence value  ocourrence walue deviation
corid_1 14,92 15 Febi03h30 0,00 2 Febli0hl n,av 1.88
corid_g 17,24 15 Febi03h3n (0,00 2 Feb@O0hlo 2,04 2,4B
Unit_f 54,12 15 Febi03h3n Q.00 2 Feb@OOhlo 6.18 10,55
Unit_g 20,97 15 FebROSh5o 0,00 2 Feb@OOh10 1.96 2.86
Unit_j 59,33 15 Febi03h3n 0,00 2 Febli0hl 8,457 12,20
Unit_a 53,72 1b Febi03h3n (0,00 2 Feb@O0hlo 7,63 11.78
Unit_b 20,07 15 Febi03h3n Q.00 2 Feb@OOhlo 1,27 3,18
Unit_e 52,57 15 Feb@OShi3n 0,00 2 Feb@OOh10 7.8 12,10
Unit_hi 34,04 15 Febi03hhi 0,00 2 Febli0hl 4,15 V.23
Unit_cd 29,25 14 Febid3ho3 (0,00 2 Feb@O0hlo 2,13 4,E9
ceil_fg 16,37 14 Febi03hhi Q.00 2 Feb@OOhlo 1.55 2,854
ceil_chi 16,75 13 FebROSh5o 0,00 2 Feb@OOh10 1.71 .04
ceil_j 10,53 14 Febi03hhi 0,00 2 Febli0hl 0,85 1.E5
ztair_abfg 4,65 16 Febi03hin (0,00 2 Feb@O0hlo 0,41 077
ztair_deij 4,06 15 Febi03h3n Q.00 2 Feb@OOhlo 0,43 0,81
toilets 14 Feb@i2ho3d 0,00 2 Feb@OOh10 0.7l 4 (i
roof 5 Feb@oBh30 0,00 2 Febli0hl 5,42 9,93
All 482,73) 15 FebR0OSk30 0,00 2 Febi@O0hin
Figure11

30




Period: Thu 2 Feb BOOKS0 to: Sat 18 Feb @23H50 Year:1967 @ zimB 20m, output@ 20m
Zonest 1, 2. 3, 4, 5.6, 7,8, 9,10,11,12,13,14,15,16,17,
Mot filtered by occupancy

] -
700
— 30,0
! £
s — 250
t 50—
-
i - 20,0
b 400
i — 15,0
‘; 300 :
[u]
n 200 e
100 — 5,0
0 | T T T ] T T 0,0
10 18 26 24 42 il 53 EE

fone senzible + latent load {kM}, Bin width = 3.6

o I 0 T3 pTm

Figure 12

31




5.4 Changing different energy performance aspects,

5.4.1

Integration

By implementing changes to the various inputs of the two previoudy
examined aspects and moreover of the aforementioned aspects (climate
conditions, orientation, etc.), it should be possible to clarify how the
simulation automatically takes into account any changes and then produces
new results which enable us to derive new conclusions for the energy

performance of the building.

Changing the thickness of the building materials

For example, in two of the offices, a change to the material thicknesses of
some of the constructions of Unit_f and Unit_g zones will result in changes to
the U values of these constructions and to the outputs concerned with the
heating requirements. ESP-r produces all of the new results automatically. In
order to test this, the surfaces, which were modified, are:

o prt_f-t, prt f-g, east, north and west for the Unit_f zone
o prt_g-h, ead, prt_f-gand prt_t for Unit_g zone

The changes to the thickness of the materias and the resultant new U values

are shown in Figures 13aand 13b.

Zone construction details for Unit_f © 3

Surface ILayer IMat 1 Thick |Conduc—I|Density [SpeciflIR  1Solrl Description
| ldb | £m2 ltivity | lheat lemislabs |
pri_f-t 1 108 Q,0130 0,190 950,00 240,00 0,91 0,22 White ptd Gupboard
2 0 70750 0, 0o 0,0 0,0 air gap (R= 0,170
3 28(0,4000 0,510 14000 1000,0 Block inner (3 mch
4 0Q, 0750 0,000 0,0 0,0 air gap (RB= 00,1703

0108 008t 0,190 950,00 840,00 0,91 0,22 Wkite ptd Gypboard
Standard U walue for construction gyp_blk_ptn is
0

pri_f-g 1 108 0.8 0,190 950,0 840,00 0,91 0,23 e ptd Gypboard
2 oA, a7ha 0, Q00 0.0 0.0 air gap (B= 0,170}
3 280, 4000 0,510 1400,0  1000,0 Block inner (3 mch
4 (Y 0,000 0,0 0.0 air gap (R= 0,170%
hoo108 0,0 0,190  950,0 B40,.0 0,91 0.2 ite ptd Gypboard
Standard U walue for construction gyp_blk_ptn iz (0,B9
—
Figure 13a
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2 281 0,2800 0, 040 12,0 840,0 Glass Fibre Quilt
347 Uordn 210,000 ZF00,0  880,0 0,82 0,32 Nt cotd aluminium
Standard U walue for construction insul_mtl_p iz <13 >

gast 1 4R Clliam 210,000 Z700,0  330,0 0,82 0,72 Grey cotd aluminium

hiarth 1 46 00040 210,000 2700,0  830,0 0,82 0,72 Grey cotd aluminium
2281 02800 0,040 12,0 840,0 Glazs Fibre Ouilt
347 TdD 210,000 ZF00,.0 880,00 0,82 0,32 Nt cotd aluminium

Standard |l value for construction insul_mtl_p is

west 1 46 Q0040 210,000 2700.0  830,0 0,82 0,72 Grey cotd aluminium
2281 0,2800 0, 40 12,0 840,0 Glass Fibre Ouilt
3 47 Tkdn 240,000 ZF00.0 880,00 0,82 0,32 Nt cotd aluminium

standard U walue for construction insul_mtl_p iz <RTE>

Zone construction details for Unit_g { 42

Surface [Layer IMat 1 Thick [Conduc—|Density [SpeciflIE  15o0lrl| Description

| ldb | fm?  Itiwity | Iheat lemizlabsz |
prt_o-h 1 0,130 950,0  840,0 0,91 0,22 White ptd Gypboard
2 £, 00 0,0 0,0 air gap (R= 0,170}
3 QLE10 1400,0  1000,0 Block inner 3% mc)
4 £, 000 0,0 0,0 air gap tR= 0,170}
] L 0,190 850.0  B40.0 0,91 0,22 %Eéte ptd Gypboard
Standard U walue for construction gup_blk_pth iz
easzt 1 46 00040 210,000 700,00 880,00 0,82 0,72 Grey cotd aluminium
g 281@ 0,040 12,0 340.0 Glass Fibre Quilt
347 0,000 210,000 2F00.0  880.0 0,82 0,22 W wotd aluminium
Standard U wvalue for construction insul_mtl_p is
prt_f-g 1 108 0 0130 0,190 950,0  840,0 0,91 0,22 White ptd Gypboard
2 0,000 0,0 0,0 air qap (R= 0,170
3 0,510 21400,0  1000,0 Block inner (3% mci
4 0,000 0,0 0,0 air gap {R= 0,170
5 0,130 950.0  840,0 0,91 0,22 White ptd Gypboard
Standard U value for conztruction gup_blk_ptn iz
prt_t 1 108 Q8480 0,190 950,00 840,00 0,91 0,22 HWhite ptd Cypboard
2 £, 000 0,0 0.0 air gap {(R= 0,170
3 0,510 1400,0  1000,0 Block inner (3% mch
4 ] 0,000 0,0 0,0 air gap (R= 0,1703
b 108 06 0,190 950,0  840,0 0,91 0,22 White ptd Gypboard

standard U walue for construction gup_blk_ptn is COLETS

Figure 13b

As shown in Figures 14 ad 15, re-running the smulation with these
changes only was found to affect the heating results and more precisely, the
sensible and latent energy which has to be used br heating, the number of
hours for which the heating is required and the overall heating loads. The
ESP-r smulations automatically produce these new results for each different
zone. The total net sensible energy now predicted for heating is reduced as a
result of the changes from 21917 kWh to 21854 kWh and the total loads from
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483 kW to 482 kW. Although these results are not significantly different from
the previous set, if similar changes were applied to all of the constructions of
the zone, the results could be significantly different and similarly, every zone
would have different heating requirements. Without using simulation, the
calculation of these requirements would be a very time-consuming process,
however, simulation is able to provide results quickly and more accurately
than the traditional steady state methods.

fone Senzible heating
id name Energy Mo, of
tkbhrs}  He rgd

1 corid_1 ah4 B0 1317

2 corid_g 32,94 196.3

3 Unit_f 249324 2207

4 Unit_g 7a2,36 175.7

5 Unit_j 3497,.88 223.3

B Unit_a 131,07 27,3

7 Unit_b 515,23 111.7

8 Unit_e 317282 19,3

9 Unit_hi 1694,56 1R0.3
10 Unit_cd 963,23 112.0
11 ceil_fqg B26,.70 114.3
12 ceil_chi B95,55 1120
13 ceil_j 343,468 122.7
14 stair_abfg 166,28 148.0
15 stair_deij 176,46 142.3
16 toilets 287,83 112.0
17 raoof 220,44 176.0

ALl (T2

Figure 14



Period: Thu & Feb @Q0hB0 to: Sat 18 Feb RZ3hGH0 Year:l9E67 @ ziml@ 20m, outputl@ 20m
fohe zenzible + latent load (kW

Description Ma i mum Hinimum Mean  Standard

value  ocourtence value  occurrence walue deviation
corid_1 14,90 15 Feb@)Sh30 0,00 2 Febl(0hlo) 0,87 1.88
corid_g 17.15 15 FebROESh30 0,00 2 Feb@Q0hlo 2,04 .45
Unit_f 53,94 15 FebROShI0 0,00 2 Feh@O0h1i0 6,11 10,51
Unit_g 20,55 15 FebEOSho0 0,00 2 FeblQ0hlo 1,92 3,83
Unit_j 08,32 15 FebROShI0 0,00 2 Feh@Oohio 8,57 12,20
Unit_a 58,71 15 Feb@(OSh30 0,00 2 Feb@O0hln 7.E7 11,78
Unit_b 20,06 15 FebEOSh30 0,00 2 FeblQ0hlo 1.26 217
Unit_e 08,56 15 FebROShE0 0,00 2 Feh@Oohio 7.ra 12,10
Unit_hi 34,53 15 Feb@(OShE0 0,00 2 Feb@O0hln 4,15 7.23
Unit_cd 29,24 14 FebEOSh03 0,00 2 FeblQ0hlo 2,13 4,68
ceil_fg 16,12 14 FebROShE0 0,00 2 Feh@Oohio 1,54 2,82
ceil_chi 16,75 13 Feb@(OShE0 0,00 2 Feb@O0hln 1.70 .04
ceil 10,52 14 Feb@OSho0 0,00 2 Feb@Q0hlo 0,80 1.E5
ztair_abfyg 4,63 15 FehROBh30 0,00 2 Feh@Oohio 0,41 0,77
ztair_deij 4,56 15 FebRO2h30 0,00 2 FeblO0hlo 0,43 0,81
toilets 10,92 14 Feb@)Sh03 0,00 2 Feb@Q0hlo 0,71 1.57
rocof 15 FebROShI0 0,00 2 Feh@O0hi0 5,42 10,00
All 31,36 \15 FebBOSkH30 0,00 2 Feb@O0ORkO0
Figure 15

Similar results would be produced by applying changes to the materials or
the construction databases which are used for the building, i.e. ather than
changes to the material thickness, as was applied in the case study, changes to
the materials which are used, or to their thermo-physical properties and even
to the make up of the layers of the different constructions. In other words by
trying out different materials and constructions, the energy performance of the
building could be altered and ESP-r would again automatically interrelate and
integrate these changes with the other energy performance aspects of the
building (e.g. heating).
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5.4.2 Changing the heating control strategy

Similarly, different heating control strategies could be set in ESP-r, which
would alter the heating requirements and thus the size of the required heating
instalation. This approach is a fully integrated one and rence, these strategies
should always take into account the use of the different spaces and the comfort
that the users of these spaces feel in order that an integrated solution is
obtained. Until now, in the case study, it was assumed that all the zones of the
building have the same function and the same heating control was applied to
al of them. However, this is not realistic. Some spaces of this building are
defined as offices that would be occupied on Weekdays from 09.00 in the
morning to 17.00 in the evening, but others, like roof zone have no use. Inthe
weekends none of the spaces will be occupied. By taking these facts into
account, a new heating control strategy is now proposed and this control

strategy (period and heating setpoints) is shown in Table 1.
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Saturdays &

Zone Weekdays
Sundays
_ 8.00—17.00: 15°C
corid_1 10°C
17.00-8.00: freefloating
) 8.00—17.00: 15°C
corid g 10°C
17.00-8.00: freefloating
_ 8.00—17.00: 20°C
Unit_f 10°C
17.00—-8.00: freefloating
, 8.00—17.00: 20°C
Unit_g 10°C
17.00—-8.00: freefloating
o 8.00—17.00: 20°C
Unit_j 10°C
17.00-8.00: freefloating
_ 8.00—17.00: 20°C
Unit_a 10°C
17.00—-8.00: freefloating
_ 8.00—17.00: 20°C
Unit b 10°C
17.00-8.00: freefloating
, 8.00 —17.00: 20°C
Unit_e 10°C
17.00—-8.00: freefloating
o 8.00—17.00: 20°C
Unit_hi 10°C
17.00-8.00: freefloating
) 8.00—17.00: 20°C
Unit_cd 10°C
17.00-8.00: freefloating
ceill_fg freefloating freefloating
cell_chi freefloating freefloating
ceil_j freefloating freefloating
stair_abfg 10°C 10°C
stair_deij 10°C 10°C
. 8.00—17.00: 15°C
toilets 10°C
17.00-8.00: freefloating
roof freefloating freefloating
Tablel
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The new control file, winter4.ctl, has 3 heating control periods. The heating
setpoints were set as the shown in Table 1 with a maximum heating capacity of 65
kW. The control file is presented in detail in Figure 16.

Ouerall description: science park
Zones control: winter heating : 3 functionsz,

The zenzor for function 1 senses the temperature of the current zone,
The actuator for function 1 is air point of the current zone
The function day types are Meekdays, Saturdays & Sundays

Weekday control iz walid Sun 1 Jan to Sun 31 Dec, 1967 with 3 periods,

Per|5Start|Sensing  |Actuating | Control law | Data

1 0,00 db temp  * flux free floating

2 8,00 db temp > flux bazic control BEOO0,0 0,0 0,0 0,0 20,0 100,0 0,0

217,00 db temp > fFlux free floating
Saturday control is walid Sun 1 Jan to Sun 31 Jec, 15967 with 1 periods,
Per|5Start|Senzing  |Actuating | Control law | Data

1 0,00 db temp > Flux bazic control BOOOO, 0 0,0 0,0 0,0 10,0 1000 0,0
Sunday control i= walid Sun 1 Jan to Sun 31 Dec, 1967 with 1 periods.
Per|5tart|Sensing  |Actuating | Control law | Data

1 0,00 db temp > flux bazic control BEOO0,0 0,0 0,0 0,0 10,0 100,0 0,0

The senszor for function 2 senses the temperature of the current zone,
The actuator for function 2 is air point of the current zone
There have been 1 day types defined,

Day type 1 iz walid Sun 1 Jan to Sun 31 Dec, 1967 with 1 periods,
Per|5tart|Sensing  |Actuating | Control law | Data
1 0,00 db temp  » flux bazic control BROOD, 0 0,0 0.0 0,0 10,0 100,40 0,0

The senzor for function 3 senses the temperature of the current zone,
The actuator for function 3 is air point of the current zone
The function day types are Meekdays, Saturdays & Sundayz

Weekday control iz walid Sun 1 Jan to Sun 21 Dec, 1967 with 32 periods,

Per|Start[Sensing  |Actuating | Control law | Data

1 0,00 db temp  * flux free floating

2 8.00 db temp  x flux bazic control BROOD, 0 0,0 0.0 0,0 15,0 100,40 0,0

217,00 db temp > Flux free floating
Saturday control is walid Sun 1 Jan to Sun 31 Dec, 1967 with 1 periods,
Per|5Start|Sensing  |Actuating | Control law | Data

1 0,00 db temp > flux bazic control BoOO0, 0 0,0 0,0 0,0 10,0 100,0 0,0
Sunday control iz walid Sun 1 Jan to Sun 31 Dec, 1967 with 1 periods,
Per|5tart|Sensing  |Actuating | Control law | Data

1 0,00 db temp > flux bazic control BOOOO, 0 0,0 0,0 0,0 10,0 1000 0,0

Figure 16

By applying this new control file in the simulation, ESP-r re-calculates for
each zone separately, the new sensible energy requirements for heating, the

number of hours for which the heating is required and the new overall net
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loads. From the results, it is apparent that the new control strategy has altered

the requirements of the building, and some zones (i.e. roof) are now without

control. The total sersible energy required for heating, the number of running

hours for heating and the loads are al reduced as a result of applying the new
control strategy (Figures 17 & 18).

fohe Senzible heating

id name Energy Mo, of

{klhr=} Hr rgd
1 corid_ 1 93,40 77,3
2 corid_g 308,57 162,0
3 Unit_f 2726,07 2317
4 lUnit_g 923,15 197.7
5 Unit_j 367786 223.3
B Unit_a 003,80 230,0
7 Unit_b 726,67 142.3
g Unit_e 200, 7h 224.0
9 Unit_hi 2043,98  170.7
10 Unit_cd 1322,80 127.0
11 ceil_fq 0,00 0,0
12 ceil_chi 0, 0.0
13 ceil_j 0,00 0,0
14 stair_abfg 40,32 1177
15 stair_deij 22,00 93,7
16 toilets ag.04  F3,0
17 roaof i, 0 0,0

All <§%;;;?E§>
Figure 17
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Period: Thu 2 Feb BOOWSO to: Sat 18 Feb GB23hB0 Year:1967 @ sim@ 20m, output@ 20m
Zore zenzible + latent load (R}

Dezcription M 1 mum Minimm Mean  Standard

value  oocourrence value  occurrence value deviation
corid_1 8.52 15 FebROSho9 0,00 2 FebROoh10 0,23 0,85
corid_g 10,35 15 Feb@0ghog 0,00 2 FebROoh10 0,76 1,41
Unit_f 53,03 13 Febi13h09 0,00 2 FebROoh1o k.68 11,02
nit_g 21,28 15 Feb@ogha0 0,00 2 FebROoh10 2,27 4,08
Unit_j 59,32 13 Febi#13h09 0,00 2 FebROoh10 9.01 12,83
nit_a 58,20 15 Feb@0gh30 0,00 2 FebROoh10 8,09 12,74
nit_b 20,81 15 Feb@oghoo 0,00 2 FebROoh1o 1,78 3,69
nit_e 58,05 15 Feb@ogh30 0,00 2 FebROoh1o 8,03 12,04
Unit_hi 34,34 15 Feb@ogh30 0,00 2 FebROoh1o 5,01 8.27
nit_cd 31,50 14 Feb@ogh30 0,00 2 FebROoh1o 3.2 .15
ceil_fg N 2 Feb@oihkio 0,00 2 FebROoh10 0,00 00,00
ceil_chi 0,00 ) 2 Feb@iohlo 0,00 2 FebROoh1o 0,00 0,00
ceil_j 0,00/ 2 Feb@iohlo 0,00 2 FebROohlt 0,00 0,00
stair_abfg 1,11 15 Feb@i7h50 0,00 2 FebROohlo 0,10 n,22
stair_deij 1,01 14 FebROEhS0 0,00 2 FebROoh1o 0,08 0,19
toilets 7 14 Feb@(Eh03 0,00 2 FebROohlo 0,22 0,83
roof @ 2 Feb@00h10 0,00 2 Feb@0Okio 0,00 0,00
All 269,90 15 FebROSh30 0,00 2 FebRoohin
Figure 18

As mentioned at the beginning of this chapter, the indoor air quality in
buildings should be one of the aspects that the calculation of the energy
performance of buildings should include. In practice, the comfort of the people
who are occupying the places of a building is very important and should also
be a part of thisthesis.

Simulation tools such as, ESP-r can also produce a comfort analysis. This
analysis provides a listing of comfort conditions at each time-step of a specific
day of the simulation period.

To produce this, some inputs have to be specified within the model prior to
simulation Firstly, for example, for all of the zones and the day and month for
which this analysis is required. Moreover, other factors such as the clothing
level of the users who are in the zone that is to be studied is also an important
factor, as this affects the comfort analysis results and thus, also has to be
specified. In ESP-r, this is defined by “clo units” which represent the clothing
thermal resistance level in terms of a value between 0 and 3. In addition, one
other factor that has to be taken into account during the comfort analysisis the
activity level of the users of the building. This is either specified in “MET
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units’ or in “W/nt of body surface” and using values from 0.859 to 6.013 and
from 50 to 350 respectively. The air velocity (in m/s from 0 to 5) in the zones
to be analysed is also required at this stage for ESP-r. Finally, information
regarding the occupancy of the zones is the input price to the assessment of the
comfort analysis. This information is usualy included in the operation file,
which includes the information for the casual gains and more specifically for
the occupants, lighting and equipment of the specific zone. The occupancy of
these zones can aso be arranged to be time-based.

By inserting all of this information, a comfort analysis can be undertaken
for any zone and any period within a ssmulation. The simulation users can then
test the sengitivity to clothing levels, metabolic rates and other comfort
influences.

To clarify this process, an assessment of comfort was undertaken for the
case study. A space which is used as office, Unit_f zone, was selected as an
example and the 2" of February as an arbitary date for which this analysis will
be made. For the clothing level, a typical value for indoor clothing was
decided as 1.5 clo units. As the spaces will be used as offices, persons are
presumed to be engaged in sedentary work with an activity level set to 58.2
W/n? of body surface (or 1 MET). The velocity of the air was been set to 0.1
m/s and the occupancy was arranged as time-based and more precisely it was
assumed that the building is occupied only during working indicates hours.
Figure 19 shows al of these settings, Figure 20 the casual gains that were set
in the operations file and Figures 21a and 21b the results of the comfort

analysis for one day for this zone.
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Comfort azsessment
a foner Unit_f
b Day & month ¢+ 2 2
c MET > default
d CLO walue + 150
e Activity level: G&3.2
f Air velocity @ 0,1
g Occupancyt time bazed
1 Aszesz average comfort
2 Azzezs local comfort
F Qutput > screen
" Help
- Exit

Figure 19

Casual gains in Unit_f

1 Import from profiles database
2 Electrical datax> not included

Start End Type Sen=sib Latent
Gainz: leekdays ¢ B

a 1 24 Equipt I 100, 40,

B 8 18 Equipt N B0, o,

c 1 24 Lights N 100, o,

d 8 18 Lights W 2bb0, o,

e 1 24 Occupt W 0, 0,

f 2 18 Occupt I 1342, EB37.
Gainz: Saturdays ¢ 32

q 1 24 Equipt I 100, 40,

h 1 24 Lights N 100, 0,

i 8 18 Occupt I o0, Fo,
Gains: Sundays { 3

J 1 24 Equipt I 100, 40,

ke 1 24 Lights N 100, o,

1 8 18 Occupt W 100, T,

[ edit type labels

+ add/ deletes copy gains

% zcale existing gains

I list current information

+ help

exit thiz menu

Figure 20
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Comfort assessment for Unit_f on Day 2 of month 2

PRI
(%)

i,
71,

7.

45,
20,
16,
13
12,
i1,
1,
11,
10,

Mote: PMY is Fanger predicted mean vote, PHV% is predicted
mean vote based on ET rather then T0O,

Activity level 53,20, Clothing level 41,50, Air speed 0,10
Default mean radiant temperature

Confaort azsessment
based on PHY

unoccupied
Lnoccupied
Lnoccupied

. uUnoccupied

Lnoccupiad

+ Wnoccupied

Lnoccupied
Lnnceupi d
unoccupied

+ unoccupied

Lnoccupied

. Wnoccupied

unoccupied

unoccupied

unoccupied

unoccupied

unoccupied

unoccupied

unoccupied

unoccupied

unoccupied

unoccupied

unoccupied

cool, unpleasant

cool, unpleasant

cool, unpleasant
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Figure 21a
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unoccupied

unoccupied
unoccupied
unoccupied
unoccupied
unoccupied
unoccupied
unoccupied
uncccupied
unoccupied
unoccupied
unoccupied
unoccupied
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5.4.3 Changing the climate conditions

By changing the climate conditions and the site on which the building is
placed, it is possible to test how simulation tools take into account aternative
climate data again producing the new results automatically.

A new, more realistic and standardised, climate file (milan.clm) was used in
this case and the building’ s site latitude and longitude difference were changed
to align with that of Milan. As Figure 22 shows, the site latitude was changed
to 45.46 degrees and the longitude difference to -5.83 degrees. A new
simulation was run for this new data and new results (Figures 23, 24, 25a &
25b) were produced. From these results and from the differences with those
previously produced, it is shown that dynamic ssimulation can be used to test
the performance of similar buildings in different parts of the world. With
regard to the Directive, this may have particular reference e.g. with setting

Buildings Standards of performance for different countries in the EU.

Site Information

domains »¥ building only
notes: office building, summer

site latitude: @0, 46>

longitude difference
3 S

exposure: typical urb
ground reflectance: 0,20
weekends: Saturday  Sunday
year: 1993

s e R0 (I o O e i v 1]

J ground topology
k ground temperature profiles: 0
m 2-0 ground representations

n primary energy conversions
o dizpersed fan/lift/THW demands
p integrated performance wiew

q Preszure coef calcs, (CpCalc

? help
- exit thiz menu

Figure 22



Zone Senzible heating
id name Enerogy Mo, of
‘kWkr=r  He ragd

1 corid_1 111,70 817

2 corid_g 409,61 155.3

3 Unit_f 619,15 1860

4 Unit_g qO7,.09  165,3

5 Unit_j 2142,43 184.0

B Unit_a 2905,93  Z11.0

7 Unit_b 368,77 1200

g Unit_e 207,94 2077

9 Unit_hi 160475 139,7
10 Unit_cd 1211.48 122,0
11 ceil_fq 0,00 00
12 ceil_chi 0,00 0,0
13 ceil_j 0,00 0.0
14 stair_abfg 9,97 7h.3
15 stair_deij 12,08 B2.Y
16 toilets 102,69 70,3
17 roof 0,00 0,0

A1)

Figure 23

Period: Tue 2 Feb ©@00RR0 to: Thu 18 Feb ©23K40 Year:1339 @ zim@ 20m, output@ 20m
Zone zensible + latent load (k}

Description Mz i mum firimum Mean  Standard

value  occurrence value  occurrence value deviation
corid_1 E,68 8 Febld3hin 0,00 2 Feb@)0hlo 027 0,83
corid_g 11,07 B Feb@l3h&0 0,00 2 Feb@)0hlo 1,13 2,0
Unit_f 14,94 & Feb@3hod 00 2 Feb@)0hlo 1,52 2,84
nit_g 10,76 &5 Feb@d3hog 0,00 2 Feb@i0hlo 1.24 g
Unit_j 46,87 B Feb@l3h&0 0,00 2 Feb@)0hlo a2 9,09
hit_a 40,08 9 Feb@l0hlo 0,00 2 Feb@)0hlo 7,1z 9,35
hit_b 12,07 8 Feb@3hln 00 2 Feb@)0hlo 0,30 2,21
hit_e 45,73 B Feb@l3hb0 0,00 2 Feb@i0hlo 7,13 9,75
Unit_hi 20,31 15 Feb@3hb0 0,00 2 Feb@)0hlo 5793 B.35
nit_cd 28,73 8 Feb@3hln 0,00 2 Feb@)0hlo 2,97 5,78
ceil_fg 0,00 2 Feb@O0hlo 00 2 Feb@)0hlo 0,00 0,00
ceil_chi 0,00 2 FeblO0hlo 0,00 2 Feb@i0hlo 0,00 0,00
ceil_j 0,00 2 Feb@O0hlo 0,00 2 Feb@)0hlo 0,00 0,00
stair_abfg 0,43 8 FeblOEhd43 0,00 2 Feb@)0hlo 0,02 0,07
stair_deij 0,70 16 Feb@O0hho 00 2 Feb@)0hlo 0,03 0,10
toilets 7,06 8 Febld3hlo 0,00 2 Feb@i0hlo 0,240 0,83
roof 0,00 2 Feb@O0hlo 0,00 2 Feb@i0hlo 0,00 0,00

All 9 Feb@)Sh3an 0,00 2 Febi@dghio
Figure24
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Mote: PHY iz Fanger predicted mean wote, PHY# iz predicted
mean wote based on ET rather then TO,

Comfort asszessment for Unit_f on Day 2 of month 2

Actiwvity lewel G3.20. Clothing lewel 1,50, Air speed 0,10
Default mean radiant temperature

Time t=air t-mrt rel,h SET PV  PHMY PPD  Comfort assessm
thra) (deg,C) fdeq,Cr (X} {deq,C} (-3 =1 bazed on PHY

b, 1B,2 -1,66 -2,B0 95, unoccupied
b2, 16,1 -1.B8 -2,632 596, unoccupied
81, 16,0 1,72 -2,66 96, unoccupied
M, 18,8 -1.,74 -2,63 97, unoccupied
b0, 16,9 -1.76 2,70 97, unoccupied
43, 1b,8 1,77 -2.72 97, unoccupied
43, 15,7 -1.,79 -2,74 97, unoccupied
49, 16,7 -1.B0 -2.76 97, unoccupied
4a, 1b,6 -1.,82 -2.77 98, unoccupied
43, 14,6 -1.83 -2.,73 98, unoccupied
47, 1,5 -1.84 -2.80 598, unoccupied
47, 1b,5 1,85 -2.81 93, unoccupied
47, 1b,4 -1.,868 -2,83 98, unoccupied
47, 1b,4 -1.87 -2.84 598, unoccupied
47, 1b,4 1,83 -2.85 98, unoccupied
47, 1k, -1.88 -2.,85 98, unoccupied
47, 1,3 -1.B9 -2,86 598, unoccupied
48, 16,3 -1.89 -2.86 98, unoccupied
43, 15,3 -1.89 -2.,87 98, unoccupied
49, 16,3 -1.B9 2,87 598, unoccupied
43, 16,3 -1.89 -2.86 98, unoccupied

+
+
+

*
+
*

+
+
*

+
+
+

+
+
*

+
+
*

+
+
+
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+
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+
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+
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+

o e b S T D T gn e PO D Okl Ol O k] OO OO0 e O e e DO DR R O] e e e e 5] OF] O e ] 00 00 e B D k) O

*

S e A T T T e e T i i A = = e i k] O O N oy e e R g g e e g B g I B e e e Y oY B
o s e s
Mmoo m e e e e R S e e g =) I~ 00000000 0D 00 00 OO 00 00 00 00 00 00 00 00 0 L0 6o

7.5 + a0, 18,5 =1,89 =Z, 86 58, unoccupied

Tal ; B, 153 -1.83 -2.85 98, unoccupied

a0 it ; h?,  1h,3 -1.87 -2.B4 98, cold, shivering

Sens Ly L 3. 18,0 -1.22 -2,00 F¥., rzool, unpleasant

G 2, ; 4, 2.2 046 1,07 29, cool, unpleazant

9.0 20, ; 2, 220 =028 0,90 22, cool. unpleazant

o T i 28, 22,9 -0,10 -0,72 1k, =lightly cool, acceptable

9.7 2, 3 24, 287 =002 -0,B% 1% slightly cool, acceptable
o0 20, : a3, A -0.05 -0,68 15, slightly cool, acceptable
13 20, : 2, 232 0,02 0,85 14, =lightly cool, acceptable
1,7 20, f B, 253 0,00 -0,8% 132, =lightly cool, acceptable
TLar A A, 234 0,03 -0,680 13, =lightly cool, acceptable
11,3 20, : 3, 38 006 -0.56 12, slightly cool, acceptable
Sligt Ak R 40, 236 0,09 -0.54 11, szliashtly cool, acceptable
12,0 20, ; 42, 236 0.7 -0.86 12, slightly cool, acceptable
12,3 20, s 42, 258 008 =08k 11, slightly cool, acceptable
12,7 20, ¥ 43, 23,6 0,08 -0.85 11, slightly cool. acceptable
14,0 20, 3 43, 2868 0,09 -0.85 11, =slightly cool, acceptable
135 30 ¥ 43, 257 0,10 -0,8% 11, szlightly cool, acceptable
13,7 20, i 43, 23,8 0,12 -051 10, =lightly conl, acceptable
14, 20, 1E. dd, 2.0 0,15 -0.43 10, comfortable, pleasant
14,3 20, 16,7 d4h, 24,1 0,18 -0.4R 9, comfortable, pleasant

ent

Figure 25a
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5.4.4 Changing the orientation of the building

By keeping the same climate data (milan.clm) as before, a change at the orientation
of the building was studied to investigate whether or not if ESP-r could also integrate
the effect of thisin addition to the others previously examined.

All the zones of the building and totally the building was rotated by 90°
anticlockwise about the site origin X=0, Y=0. Thus, ESP-r provides differenet rotation
choices and there is flexibility to rotate a zone even around a specific point. After the
simulation of this model, new results were again immediately produced by ESP-r
purely based on a change in orientation of the building. It should be noted that other
than by simulation this process would take much longer to undertake. However, as
can be seen from the results (Figures 26, 27 28a & 28b) it is possible to ascertain the
“best” position for the building with regard to energy performance. For example, it is
evident that the building has less energy requirement after the rotation than before
(12966 kWh of sensible energy before the rotation and 11835 kWh after).

Again with regard to the Directive, this could be used to optimise performance.

Zohe Senzible heating
id name Enerogy Mo, of
tkbhrzy  Hr rgd
1 corid_1 62,17 44,0
2 corid_g 296,06 111.7
3 Unit_f 47h, 44 1335,7
4 Unit_qg 467,29 1E3,7
5 Unit_j 2146,24 191,0
B Unit_a 2B03,37  20B,0
7 Unit_b 330,13 88,3
8 Unit_e 287,82 2073
9 Unit_hi 1366.02 127.3
10 Unit_cd 107640 121,3
11 ceil_fg £, 00 0,0
12 ceil_chi 0,00 0,0
13 ceil_j £, 00 (.0
14 stair_abfg 5,63 49,3
15 stair_deij 10,25 51,0
16 toilets 73,97 4b.3
17 roof £, 00 0,0

Figure 26
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Period: Tus 2 Feb BOORROD to: Thu 18 Feb B23hG0 Year:1333 &

Zone senzible + latent load (kb

Description

corid_1
corid_g
Unit_f
Unit_g
Unit_j
Unit_a
Unit_b
Unit_e
Unit_hi
Unit_cd
ceil_fg
ceil_chi
ceil_j
stair_abfg
ztair_deij
toilets
roof

All

Mazximum
value  occurrence
0.94 15 Febie)Sh3n
9.98 E Febigl8hho
14,49 15 Feblddhi3
10,439 15 FebiE0gh09
45,96 £ FebiE13h5H0
33.75 9 FebE10k10
11,66 8 FebiE03h10
45,86 & Febldl3h&0
23.51 15 FebiE0OZh50
27,25 8 FebiE0)3h10
0,00 2 FebiQohlo
0,00 2 FebiQohlo
0,00 2 Feb@Oghlo
0,38 8 Febie(7h3n
0,68 16 Febiiohho
6.05 16 FebiegsShod
0,00 2 Febi(ohlo

184,95 3 FebROSh30

Minimum
value  occurrence
0,00 2 FebieQohlo
0,00 2 FebiQohlo
0,00 2 Feb@Oghlo
0,00 2 FebiQohlo
0,00 2 FebiQohlo
0,00 2 FebieQohlo
0,00 2 FebiQohlo
0,00 2 Feb@Oghlo
0,00 2 FebiQohlo
0,00 2 FebiQohlo
0,00 2 FebieQohlo
0,00 2 FebiQohlo
0,00 2 Feb@Oghlo
0,00 2 FebiQohlo
0,00 2 FebiQohlo
0,00 2 FebieQohlo
0,00 2 FebiQohlo
0,00 2 FebEO0hog

zim@ 20m, outputi@ 20m

Mean  Standard
value deviation
0,15 0,69
0,73 1.R6
1,17 2,70
1,15 211
5,26 9,08
B,50 .9
0,81 2.15
704 9,62
3,35 5,75
2,64 5,48
0,00 0,00
(2,00 0,00
(2,00 0,00
0,01 0,05
0,03 0,09
0,18 0,77
(2,00 0,00

Figure 27

Mote: PMY iz Fanger predicted mean vote, PHMY# iz predicted

mean wote bazed on ET rather then TO.

Comfort assessment for Unit_f on

Activity lewvel

52,20, Clothing lewvel

Default mean radiant temperature

Day 2 of month 2

1,50, Air speed 0,10

Time  t-air t-mrt rel,h SET PHvW% PMY PPD Comfort azsessment
‘thrs} {deg,Cr {(deg.C} <X} d{deg,Cr (-2 -2 & bazed on PMY
0,3 2.0 9.9 51, 16,7 -1.56 -2.,43 93, unoccupied
0.7 7.8 3.8 50, 16,5 -1.80 -2.,52 94, unoccupied
1.0 7.B 3.6 43, 16,4 -1.62 -2.,56 94, unoccupied
1.3 7.5 3.5 43, 16,3 -1,6h -2.,58 95, unoccupied
15 i 9.4 42, 16,3 -1,BE -2,B0 9%, unoccupied
2.0 7. 3.3 43, 16,2 -1,B8 -2,B2 96, unoccupied
2.3 7.3 3.2 47, 16,2 -1,B3 -2,63 96, unoccupied
2,7 7.2 9.2 47, 16,1 -1.71 2,65 96, unoccupied
2.0 A, = i 46, 16,0 -1.73 -2.,6Y 96, unoccupied
A Tl 3.0 46, 16,0 -1.74 -2.,B9 97, unoccupied
3.7 .0 2.9 46, 16,8 -1.75% -2.,70 97, unoccupied
4.0 E.9 2.9 465, 15,9 -1.77 2,72 97, unoccupied
4.3 E.3 2.8 45, 15,8 -1.78 -2,73 97, unoccupied
4.7 6.8 a.7 45, 16,8 -1,/ 2,74 97, unoccupied
5,0 6.8 a.v7 45, 1h,¥ -1.,80 2,75 37, unoccupied
b3 5.2 2.6 46, 15,7 -1.20 -2,Y68 97, unoccupied
5.7 E.7 2.6 46, 15,7 -1.81 -2.Y68 97, unoccupied
G.0 E.7 2.5 46, 16.7 -1.81 -2.77 98, unoccupied
Figure 28a
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6.3 B.7 3.5 47, 18,6 -1.82 -2.77 unoccupied

B.7 B,7 A.h 47, 1h.B -1.82 2,77 unoccupied

7.0 B.7 a.4 43, 1h,6 -1.82 -2.77 unoccupied

7.3 E.0 a.4 43, 15,6 -1.82 -2.77 unoccupied

7.7 E.8 a.4 G0, 15,6 -1.81 2,76 unoccupied

8.0 6.5 a.4 51, 15,7 -1.B0 -2.75 cold, shivering

8.3 13,5 9,3 3h, 18,7 -1.18 -1.93 conl . unpleazant

a.7 21,1 11.0 24, 2.5 -0,39 1,00 cool, unpleazant

9.0 2.1 12.8 26, 22,4 -0, -0,83 conl . unpleazant

4.2 21,2 14,2 28, 23,1 -0.05 -0,EY slightly cool, acceptable

9.7 21,3 15,1 29, E3.5 003 0,58 slightly cool, acceptable
o0 20,3 15,5 33, 3.4 o 0,62 glightly cool, acceptable
lo,3 20,3 15,9 a4, 23,6 0,05 0,58 zlightly cool, acceptable
lo,7 20,3 16,3 36, 23,8 010 -0,53 slightly cool. acceptable
11,0 20,3 16,7 ., 2.0 0,15 -0,49 comfortable, pleasant
n1,32 20,3 17.0 29, 24,2 0,13 -0,4h 9, comfortable, pleazant
11,7 20,3 17,3 41, 2.4 0,23 -0.41 9, comfortable, pleasant
2.0 20,0 17,6 42, 2.5 0,24 0,40 g, comfortable. pleasant
2,32 20,0 17.9 43, 246 0,27 -0,37 A. comfortable, pleazant
2,7 20,1 18.1 42, 24,7 0.3 -0,34 7, rcomfortable, pleazant
13,0 20,4 18,3 42, 2.3 0,35 0,30 7, comfortable, pleasant
13,2 20,7 18.5 41, 25,2 040 0,24 G, comfortable, pleasant
1T b 148.8 41, 25,5 0,48 -0,17 B, rcomfortable, pleazant
n4,0 21,4 19.1 42, 25,7 0,653 -0,11 b, comfortable, pleazant
4,2 2.5 19,4 42, 2h 8 0,57 0,07 b, comfortable, pleazant
4,7 2.4 19,k 42, 6.0 0,53 0,04 b, comfortable, pleazant
1h.0 21,5 13.8 42, 6.1 0B 0,02 5, comfortable, pleasant
15,2 21.7 20,0 41, 26,32 0,64 0,00 5, comfortable, pleasant
15,7 21,8 20,1 an, 6.4 0BE 0,03 5, comfortable, pleasant
n6,0 21,8 20,2 40, 26,4 0,66 0,04 5, comfortable, pleasant
6,32 21,8 20,1 39, 26,3 0,Bh 0,03 5, comfortable, pleazant
N6, 7 21,6 149.9 40, 26,2 0,62 0,02 b, comfortable, pleazant
.0 21,2 13,3 41, 25,8 053 -0.11 b, unoccupied
ir.2 20,6 18,6 42, 25,2 040 0,25 B, unoccupied
7.7 19,7 17.8 45, 2.5 026 0,39 2. unoccupied
lg.0 18,5 17,2 4, 23,8 o411 -0.54 11, unoccupied
1a,z2  17.5 16,5 1, 23,0 -0,068 -0,74 17, unoccupied
18,7 15,5 15,8 B, 21,9 -0,30 1,08 2, unhoccupied
3.0 15,7 15,0 59, 20,3 -0,53 1,23 40, unoccupied
19,2 12,8 14,4 B0, 20,2 -0,68 -1.46 49, unoccupied
19,7 12,2 12,8 B0, 13,9 -0,78 -1.58 55, unoccupied
oo 11,8 13,3 B0, 13,5 -0,87 -1,68 Bl. unoccupied
P03 11,3 12.9 59, 13,1 -0,9% -1.78 6B, unoccupied
o7 10,9 12,5 H9, 18,8 -1,08 -1.87 W0, unoccupied
(1.0 10.E 12,2 59, 18,6 -1,09 -1,34 V4, unoccupied
(1.2 10,2 11.5 b8, 18,7 -1,1h =201 VY, unoccupied
1.7 10,0 11,7 Ge, 18,1 -1.20 2,06 T4, unoccupied
[0 9.8 11.4 57, 1.0 1,24 -£,11 81, unoccupied
2,3 9.6 11,3 57, 17,8 1,27 2,15 83, unoccupied
2.7 9.4 1.1 57, 17,7 1,30 -2,18 84, unoccupied
3.0 9,3 10,9 56, 17,6 -1,3F 2,21 Bh5, unoccupied
R 9,2 10,8 6, 175 -1,3F -2,24  BE, unoccupied
F3.7 9.1 10,7 B6, 1.4 -1.38 -2.27  8Y., unoccupied
(4,0 9.0 10,6 G, 17,3 -1.40 2,29 unoccupied

Figure 28b




5.4.5 Changing the air tightness of the building

Inthe origina case study, a network air flow file was used. This option cancels
this, and a new control via the operation file was set up to control the air flow.
Different air flow control strategies can be set up for infiltration and ventilation using
similar simple processes as those for the heating control strategies which were
described previously. Figure 29 shows an example, which is described in the
operation file, of the air flow control strategy for one of the zones (office space -
Unit_f zone). The integration of this energy performance aspect with other aspects of
the building is apparent from the differences in the new results (Figures 30, 31 32a &
32b) that were produced after running a simulation for this model.

Again, with regard to the Directive, simulation of air tightness sensitivity could be

used to aid the development of various EU country Building Standards.

Air flow in Unit_f

a Bir flow contral {noned

Start End Infil ‘ent Source
Air flows: Weekdays ( 33

a 1 ¢ 050 0,00 nfs

B 7 18 1,50 0,00 nfa

c 18 24 050 0,00 nfa
Rir flows: Saturdays © 33

d 1 7 050 0,00 n'3

e ¢ 18 1,80 0,00  nfa

F 18 24 050 0,00 nfa
Air flows: Sundays © 33

g 1 7 0,850 0,00 nfa
b7 18 1,60 0,00  nfa
i 18 24 050 0,00 nfa
+ adds deletes/ copy air flows
I list current information

? help

exit thiz menu

Figure 29

" It is possible to schedule air flowing from the outside (infiltration) and from specified zones or plant
components (ventilation). This is sometimes approptiate at an early design stage and for flow problems
of limited complexity. The flow network approach is based on the use of flow components,
representing doors, cracks, ducts, fans, etc. to excplicity represent the distributed leakage for numerical
solution. This approach requires significantly more information.
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Zone
name

corid_1
corid_g
Unit_f
nit_q
Unit_j
nit_a
Unit_b
Unit_e
Unit_hi
Unit_cd
ceil_fg
ceil_chi
ceil_j
ztair_abfg
ztair_dei]
toilets
roof

All

Senzible heating

Energy
(ks
82,84
29,61
287,36
295,66
207, 04
¥B3.81
209,87
710,84
1620,20
1443,62
0,00
0,00
0,00
15,69
16,53
11E,23
0,00

Ho, of
Hr rgd
q7.2
B3.3
186.7
171.7
182,10
145,10
106, 7
148.0

Figure 30

Period: Tue 2 Feb @OOWSO to: Thu 18 Feb ©23KH50 Year:1399 : ziml 20m, output@ 20m
Zone senzible + latent load (kW»

Description

corid_1
corid_q
Unit_f
nit_g
Unit_j
nit_a
Unit_b
Unit_e
Unit_hi
rit_cd
ceil_fg
ceil_chi
ceil_j
stair_abfg
stair_deij
toilets
roof

All

faz i mum

value
h,20
4,45
19,20
9,594
18,36
13,82
11,73
19,74
20,90
22,18
0,00
0,00
0,00
0,45
0,47
2.5
0,00

164,48) 8 Feb@03h30

15
15
a8
8
8
15
8

=
(&3}

| e R R o o ot e R}

OCCURTEnce
FebROgh50
FebROghh0
Feb@nghlo
FebROZh10
FebROgh1n
FebOzhh0
Feb@nghlo
FebROZh50
FebROZh1n
Feb0zh30
Feb@O0h10
FebROOh10
FebROoh1
Feb@O7hlo
FebiOshd g
FebRgh10
FebROoh1o

M1 rd i
walue  occurrence
0,00 2 FebE)ohlo
0,00 2 FebE)ohlo
0,00 2 FebEoohlo
0,00 2 FebE)ohlo
0,00 2 FebE)oh1o
0,00 2 Febidohlo
0,00 2 FebEoohlo
0,00 2 FebE)ohlo
0,00 2 FebE)oh1o
0,00 2 Febiiohlo
0,00 2 FebEoohlo
0,00 2 FebE)ohlo
0,00 2 FebEOohlo
0,00 2 Febiiohlo
0,00 2 FebEoohlo
0,00 2 FebEdohlo
0,00 2 FebEOohlo
0,00 2 Feb@O0OhO0

Mean  Standard
walue deviation
0,20 0,67
0,22 0,65
2,17 3.98
0,97 1.84
1.98 2,73
1,87 2,97
0,76 1,95
1.75 3,72
209 E,E5
2hh B, 74
0,00 (1, 5
0,00 0, 0
0,00 0,00
0,04 0,03
0,04 0,09
0,28 0,60
0,00 0,00

Figure3l
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Motei PMY iz Fanger predicted mean wote, PHY#¥ iz predicted
mean wote based on ET rather then TO,

Comfort assessment for Unit_f on

Actiwity lewel
Default mean radiant temperature

52.20. Clothing lewel

Day 2 of month 2

1.50,. Air speed 0,10

Time t-air t-mrt  rel.h SET Pr P FPI Comfort assessment
thr=) (deg.C» (deg.C) (& <d{deg.Cr (=1 =2 HD bazed on PHY
0.3 2.6 10,1 G0, 17,0 -1.,43 -2.40 91, wunoccupied
0.7 8.7 10,0 43, 17.0 -1.43 -2.39 91, wunoccupied
1.0 9.1 10,0 47, 17,1 -1.46 -2.35 90, unoccupied
1.2 9.3 10,0 47, 7.2 -1.44 -2,32 839, wunoccupied
1.7 9.2 10,0 47, 17.1 -1.46 -2.34 89, wunoccupied
2.0 a8.6 9.9 43, 16,9 -1.51 -2.41 91, wunoccupied
2.3 8.2 9.8 48, 16.7 -1.5E -2.42 93, unoccupied
2.7 8.0 9.7 4a, o S S e P 94, wunoccupied
3.0 7.9 9.6 47, 16,5 -1,B1 -2.G53 94, wunoccupied
2.3 7.8 9.5 47, 1.4 -1,63 -2.G54 94, wunoccupied
2.7 s 9.4 415, 16,4 -1,64 -2.,57 595, wunoccupied
4,0 7.6 9.3 46, 16.3 -1.B6 -2.53 95, unoccupied
4.3 7.EB 9.3 4G, 16,2 -1.67 -2.B0 595, wunoccupied
4,7 7.5 9.2 45, 16,2 -1,B8 -2,B2 96, wunoccupied
5.0 7.5 9.1 45, 6.2 =loaaaEcians 96, unoccupied
5.3 7.4 9.1 45, 16,1 -1.70 -2.B4 96, unoccupied
5.7 ! 9.0 LT 16.1 -1.71 -2.64 96, unoccupied
G.0 7.4 3.0 45, 16,1 -1.71 -2.,65 96, wunoccupied
.3 7.4 9.0 45, 16,0 -1.72 -2.BH 96, unoccupied
6.7 7.3 2.9 415, 16,0 -1.72 -2.EE 96, wunoccupied
7.0 F.3 2.9 47, 16,0 -1.72 -2.,66 9B, wunoccupied
7.3 7.2 8.9 48, 16,0 -1.74 -2.B68 96, wunoccupied
7.7 6.8 2.8 G0, T8 =l gFgia=2iirs 97, unoccupied
2.0 E.3 2.7 b4, 16,6 -1.82 -2.79 98, cold., shivering
8.3 13,0 9.5 a7, 18,2 -1.17 -1.95 74, cool, unpleasant
8.7 2.5 11.3 24, 21,5 -0,41 -1,03 27, rcool, unpleazant
9.0 20,5 12.9 o 22,2 0,24 -0.87 21, cool, unpleazant
9.3 2R 14.3 27, 23,1 -0,06 Q.67 15, =lightly cool, acceptable
9.7 21.1 15,2 28, 23.5 0,03 -0.53 12, =lightly cool. acceptable
10,0 20,4 15,7 z0, 2ok 0,05 -0,60 13, =lightly cool,. acceptable
10,3 20,4 16,1 21, 23,7 0,07 -0.56 12, =slightly cool, acceptable
10,7 20,3 16.5 32, 234 0.1 —0,54 11, =lightly cool, acceptable
11,0 20,3 1.9 I 24,1 0,14 =0, & 1, comfortable,. pleazant
11.3 20,2 17,2 24, 24,2 0,17 -0,47 10, comfortable, pleazant
11,7 20,2 17.5 a4, 24,4 0,21 -0,44 9, comfortable, pleazant
12,0 20,2 17.48 26, 24 .6 n.24 =040 8. comfortable, pleasant
12,3 20,2 18,1 5kn2 24,7 0,27 -0.37 2, comfortable. pleazant
12,7 20,2 18.3 36, 24.8 0,29 -0.35 2, comfortable, pleazant
13,0 20,2 18.5 36, 24.9 0,31 -0,.33 Y. comfortable, pleasant
12,3 20,2 18.7 36, 25,0 0,33  -0,32 Y. comfortable. pleazant
12,7 20,2 18.9 3B, 20,1 0,35 -0,.30 Y. comfortable. pleazant
14,0 20,2 AT 36, 25,2 037 - -0,28 7. rcomfortable,. pleazant
14,3 20,2 19,3 36, 26,2 0,38 -0.26 6, comfortable, pleazant
14.7 20,2 19.5 24, 26,3 0,40 -0.25 G. comfortable, pleasant
15,0 20,2 19,6 zh, 26,4 0,41 -0,.24 B, comfortable. pleazant
15,3 20,1 19.8 a4, 26,4 0,42 -0.23 B, comfortable, pleazant
15,7 20,2 19.9 34, 26,5 0,43 -0.22 G. comfortable, pleasant
16,0 20,2 19.9 34, 26,5 0,43 -0,22 B, comfortable. pleaszant
16,32 20,1 19.8 34, 20,4 0,41 -0,.24 B, comfortable. pleazant
16,7 20,10 19.6 ah, 25,3 0,39 -0,.26 6, comfaortable, pleasant
17,0 20,0 13,0 25, 25,0 0,34 -0,31 7. unoccupied
17.3 19.4 18.3 a7, 245 0,22 -0,44 9, unoccupied
e a e o] 17.5 42, 22,5 0,02 -0,66 14, wunoccupied
18,0 16.2 16.48 46, 22,6 -0,17 -0.88 22, unoccupied
18,2 14,7 16,1 51, 21,7 -0,36 -1,11 31, wunoccupied
12,7 13.3 15,3 b4, 20,9 -0, -1.34 43, unoccupied
19,0 12,7 14.6 04, 20,3 -0,68 -1.48 O,  unoccupied
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13.3
13.7
20,0
20,3
20,7
21,0
21.3
21.7
22,0
22,3
22.7
23.0
23.3
23.7
24,0

14,0
13,6
15,2
12,3
12,6
12,3
12,1
11.3
11.7
11.5
11.4
11.2
11.1
11.0
10,3

a4,
54,
55,
5o,
=
=
=
56,
55,
5,
55,
55,
a4,
54,
55,

20,1 -0,74 -1,53
13.3 -0,30 -1.61
13,5 -0,38 -1,63
19,2 0,95 -1,77
15,9 -1.01 -1.84
18,7 -1.06 -1.30
15,5 -1.11 -1.9%
13.4 -1.15 -2.00
13,2 -1,18 -2,04
15,1 -1.,21 -2,08
15.0 -1.,24 -2.11
17,8 =127 2ild
17.8 -1.29 -2.1B
177 -1.71 -2.18
17,6 -1,33 2,20

o3,
oy,
B1.
GG,
B3,
vz,
o,
.
3.
a0,
al.
R
a4,
a4,
a5,

unoccupied
unoccupied
uhoccupied
uhoccupied
unoccupied
unoccuUpied
unoccupied
unoccupied
uhoccupied
unoccupied
unoccupied
unoccupied
unoccupied
uhoccupied
uhoccupied
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5.4.6 Changing the occupancy density

Similarly to the air flow, changes to the occupation density were made in
the operation files for some zones of the building while retaining al of the
previous changes (i.e. building is rotated, climate data for Milan, etc.). It was
assumed that 5 more people more would occupy the building on weekdays
from 8.00 to 18.00 inthe Unit_f, Unit_j, Unit_a and Unit_e zones that are used
as offices. Each of these people was assumed to be adding 90 W sensible and
50 W latent to the casul gains of these zones (totaly for 5 people: 450 W
sensible and 250 W for latent casual gains). This change is presented at the
Figure 33. By running a simulation after this change, it is apparent from
Figures 34, 35 36a & 36b that nore casua gains reduce the heating energy
requirements.

The significance of this for the Directive could be in optimising the energy
performance of buildings, like for example the public buildings that a different

number of people are visiting every day.

Casual gains in Unit Cazual gains in Unit_F

1 Import from profiles databasze 1 Import from profiles database

2 Electrical datax> not included 2 Electrical data®> rnot included
start End  Tupe Sensib  Latent Start End Tupe Sensib Latent
Gains: Weskdays | B Gains: beekdays { B}

a 1 24 Equipt M oo, 40, a 1 24 Equipt W 100, 40,

b 8 18 Equipt W EOO, o, b 8 18 Equipt W GO0, 0,

c 1 24 Lights W 100, o, c 1 24 Lights M 100, o,

d & 18 Lights W 2650, 0. d 8 18 Lights M 2550, a,

e 1 24 Ococupt W ( 0., = 1 24 Occupt W G 0,

¥ 3 18 Occupt W @ e — . —H = = =l f=Hrampe—tk o 1793, BB7
Gains: Saturdays ¢ 3 Gains: Saturdays

g 1 24 Equipt M 100, 40, g 1 24 Equipt MW 100, 40,

h 1 24 Lights W 100, o, h 1 24 Lights W 100, 0,

i 2 18 Occupt W 100, i, i 2 18 Occupt N 100, FLN
Gain=z: Sundays ¢ 3} Gain=s! Sundays ¢ 32

i 1 24 Equipt MW 100, 40, i 1 24 Equipt W 100, 40,

k. 1 24 Lights MW 100, 0, k. 1 24 Lights W 100, 0,

1 2 18 Occupt W 100, o, 1 2 18 Dccupt W 100, 7o,

[ edit type labels B edit type labels

+ adds deletes copy gains + adds deletes copy gains

¥ =z=cale existing gains * =cale existing gains

I list current information I list current information

? help ? help

- exit this menu — exit this menu

Figure 33
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Zohe Senzible heating

id name Enerogy Mo, of

{kWhr=3  Hr rgd
1 corid_1 82,62 L7323
? corid_g 893,48  B3.3
3 Unit_f 842,02 1850
4 Unit_qg 394,00 1703
0 Unit_j TEOLEY  179.7
E Uhit_a 2R3 1417
7 Unit_b 203,73 1040
8 Unit_e BF2.05  143.3
9 Unit_hi 1619,03  149.7
10 Unit_cd 1446,61 127.3
11 ceil_fg (2, ) 0,0
12 ceil_chi 0,00 0,0
13 ceil_j 0,00 0,0
14 stair_abfg 16,53 102.7
15 stair_deij 16,36 104.7
16 toilets 116,73 131.7
17 roof 0,00 0,0

Al

Figures 34

Period: Tue 2 Feb ROOWSD toi Thu 18 Feb B23hB0 Year:1999 @ =im@ 20m, output@ 20m
Zone senzible + latent load (kI

Description Ha i v Mind mum Hean  Standard

value  ocourrence walue  occurrence value deviation
corid_1 5,20 15 Feb@OBHE0 0,00 2 Feb@Ook10 0,20 0.7
corid_g 4,44 15 Feb@OBHE0 0,00 2 Feb@Ook10 0,22 0.E5
Unit_f 19,02 8 Feb@OBH10 0,00 2 FehROok10 2,06 3.86
Unit_g 9,92 8 Feb@0OBH10 0,00 2 Feb@Ook10 0,97 1.8%3
Unit_j 18,18 8 FeblOBH10 0,00 2 FebROOk10 1.86 3.61
Unit_a 19,41 15 Feb@OBHS0 0,00 2 FeblOok10 1,77 2.86
Unit_b 11,79 8 Febl)BH10 0,00 2 FebROok10 0,76 1.95
Unit_e 19,33 15 Feb@OBRE0 0,00 2 FebROOk10 1,65 3.61
Unit_hi 20,90 8 Feb@OBH10 0,00 2 FebROOh10 3.97 6.65
Unit_cd 32,16 B Feb@)Bh30 0,00 2 FebROOk10 3,55 6.73
ceil_fg 000 2 Feb@ooklo 0,00 2 Feb@ihic 0,00 0,00
ceil_chi 0,00 2 Feb@)Oh10 0,00 2 Feb@Ooh10 0,00 Q.00
ceil_j 0,00 2 Feb@OORL0 0,00 2 Feb@OOk10 0,00 000
stair_abfg 0,45 8 Feb@O7hil 0,00 2 Feh@Ook1o 0,04 0,08
stair_dei] 0,47 8 Feb@OEh49 0,00 2 FehROok10 0,04 009
toilets 3,01 8 Feb@)BHLO 0,00 2 FeblOok10 0,24 0.E0
roof 0,00 2 FebROORLO 0,00 2 FebROok10 0,00 Q.00

ALl 163,52 )8 FebR0OZh3n 0,00 2 FebEO0kao

Figure 35




Mote: PHY is Fanger predicted mean wote, PHVY# iz predicted

mear woke bazed on ET rather then TO,

Comfort assessment. for Unit_f on Day 2 of month 2

Activity level 5B.20, Clothing level
Default mean radiant tenperature

1,50, Air speed 0,10

Time  t-air t-mrt rel,h SET  PHv%  PMY PPD  Comfort azsessment

{hrad {deq,C} {deg,Cd (¥ ddeq,l} (-3 =y based an PHY

0,3 8.6 101 G0, 170 -1.45 -2,33 91, unoccupied

0,7 8.7 10,0 43, 170 -1,48 -2,38 91, unoccupied

1.0 8.1 16,0 48, 17,1 -1.46 -2,34 30, unoccupied

1,2 8.8 1.0 47, 17,7 -1.44 -2,31 89, unoccupied

1.7 9.2 10,0 47, 1Al -1.45 -2,34 BY,  unoccupied

2.0 8.y 9.9 48, 16,8 -1.,5%1 -2,41 91, unoccupied

2.3 8.2 9.8 48,  16.¥Y 1,56 -2.47 93, unoccupied

2.7 a.0 9.7 48, 16.F -1.53 -2.51 94, unoccupied

L0 7.A 9.6 47, 16,5 -1,61 -2,53 34, unoccupied

3.3 7.8 9.5 47, 164 -1,68 -2,55 94, unoccupied

Batc R 9.4 46, 16,4 -1.64 -2,5% 95, unoccupied

4.0 77 9.2 46, 16,3 -1,66 -2,%3 95, unoccupied

4,3 7.6 9.3 46, 16,2 -1.BF -2,60  Oh, unoccupied

e 7B 9.2 45, 16,7 -1,68 -2,61 96, unoccupied

5.0 7.0 9.2 45, 16,2 -1,68 -2,62 9B, unoccupied

b3 Fad 9.1 45, 16,1 -1.70 -2,68 96, unoccupied

5.4 T4 9.1 45, 16,1 -1,71 -2,64 9B, unoccupied

B.0 7.4 9.0 dh, 16,1 -1,71 -2,65 9B, unoccupied

3 .0 46, 16,1 -1.72 -EBR B8R, unoccupied

B, 7.4 8.9 46, 16,0 1,72 -E.B6 96, unoccupied

7.0 7.4 8.9 47, 16,0 -1.72 -EBE 9B, unoccupied

e 8.9 48, 16,0 1,74 -6 96, unoccupied

R 8.8 b0, 1h8 1,78 -273 97, unoccupied

8,0 B3 B, 4, 1hE -1.82 -Z.79 98, cold, shivering

8,2 13,0 .6 &, 18,2 -1.168 -1,94 74, cool, unpleasant

g,/ 20,6 11,3 26, Z21.h -0.40 1,02 2. cool, unpleaszant

3,0 20,6 15,0 28, 22,3 -0,23 -0.8h 20, cool, unpleazant

9,3 2,1 14,4 A9, 231 -0,05 -0,66 14, =lightly cool, acceptable
.7 2,1 182 30, 255 0,04 0,57 12, =lightly cool, acceptable
w0 .4 1b7 3, 255 0,04 -0.053 12, =lightly cool, acceptable
10,2 20,4 16,2 33, .7 0,09 -0.85 11, =lightly cool, acceptable
10,7 20,3 166 3, 239 0,11 -052 11, =lightly cool, acceptable

Figure 36a
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11,0 20,3 16,3 35, 24,1 0,15 -0,48 10, comfortable, pleaszant
11,7 20,2 17,2 36, 24,2 0,19 -0,45 9, comfortable, pleaszant
1,7 20,2 17.h 36, 24,4 0,22 -0,42 9, comfortable, pleaszant
12,0 0,2 17,9 37, 2.6 0,26 -0,33 8, comfortable, pleazant
12,2 20,2 18,1 37, 24,7 0,29 -0,38 8, comfortable, pleaszant
12,7 20,2 18,4 38, 24,8 0,41 -0,34 7, comfortable, pleazant
13,0 20,2 18,6 28, 24,9 0,33 -0,32 7, comfortable, pleaszant
13,2 20,2 18,7 28, @60 0,34 -0,30 7, comfortable, pleaszant
18,7 20,2 18,3 38, &6 0,36 0,28 ¥, comfortable, pleaszant
14,0 20,2 18,2 38, &2 0,38 -0,268 B, comfortable, pleaszant
14,3 20,2 19,3 28, &6,3 0,40 -0,25 B, comfortable, pleaszant
4,7 20,2 18,5 3, b4 0,41 -0,24 B, comfortable, pleazant
15,0 20,32 18,7 26, &b 0,44 -0,20 B, comfortable, pleaszant
15,3 20,4 19,39 35, 66 0,46 0,18 B, comfortable, pleazant
1k, 7 2006 20,0 35, 07 0,48 -0,18 B, comfortable, pleaszant
16,0 20,6 20,0 35, 0,7 0,48 -0,18 B, comfortable, pleazant
16,2 20,4 18,3 25, 06 0,46 -0,18 B, comfortable, pleazant
16,7 20,1 18,7 36, &h4 0,42 -0,23 B, comfortable, pleazant
17,0 200 19,1 37, 25,1 0,36 -0,23 Y, unoccupied

17,2 13,6 18,4 39, 24,6 0,25 -0,41 3, unoccupied

17,7 18,1 17,6 43, 236 0,06 -0,61 13, unoccupied

18,0 16,6 16,3 48, 22,8 -0,12 -0,82 13, unoccupied

18,2 1b,0 16,2 BE, 2.3 -0,32 -1,0b 28, unoccupied

18,7 13,4 1,4  BE, 21,0 -0,54 -1,31 41, unoccupied

19,0 12,7 14,7 BB, 20,4 -0,66 -1,46 49, unoccupied
19,2 12,7 14,1 bR, 20,2 0,72 -1,51  BE, unoccupied
19,7 12,4 13,7 b5, 19,9 -0,79 -1,B8 BB, unoccupied
20,0 12,0 13,2 bE, 19,5 0,87 -1,68 El, unoccupied
20,8 11,6 12,9  be, 19,2 -0, -1,768 E5, unoccupied
20,7 11,2 12,6 86, 19,0 -1L,00 -1,83 B3, unoccupied
2,0 1,9 12,4  be, 18,8 -1,00 -1,83  FZ, unoccupied
2,7 1,6 12,1 b6, 18,6 -1,10 -1,34 T4, unoccupied
2,7 w4 11,9  be, 18,4 -1,14 -1,99 7R, unoccupied

22,0 10,2 11,7 be, 18,2 1,18 -Z.03 78, unoccupied

22,3 10,1 11,5 86, 18,1 -1,21 207 80, unoccupied

2,0 9,9 11,4 by, 18,0 -1,24 -210 8, unoccupied

23,0 9,8 11,2 by, 17,9 -1.26 -213 B2, unoccupied

23,3 9,7 11,1 B8R, 178 -1.28 -26 83, unoccupied

25,7 9., 11,0 By, 17,7 -1,30 -2,18 84, unococupied
9.0

10.9 O 176 1.3 9 8 ynoccuoied

24,0

Figure 36b



5.5 Presentation of Results

Presenting information in the tabular format used so far in this thesis is not
always appropriate and or understandable for designers or their clients. In
addition to all of the ways that ESP-r and other real-time dynamic simulation
tools could be used to approach the aspects of the EU Directive, ESP-r also
offers a method of assessing the balance between different aspects of
performance compared with one an other.

There is aneed to ensure that the costs and benefits of different design
options are viewed in the context of a range of issues in order to maintain a
balanced response, with one aspect set against another. This balance could for
example, be achieved with a mechanism that ensures that the appropriate
assessments are run and the relevant performance metrics are extracted in a
form that highlights any areas where more detailed study may be required for
improvements.

In ESP-r this mechanism is defined as an Integrated Performance View
(IPV; Figure 37) [Clarke et al 1998]. The Integrated Performance View allows
the benefits and the results of the working and reporting procedures to be
applied to bespoke project work and then embodied in the workings of an
assessment tool. It gives useful results that can lead to early identifications of
design problems and supports a compact view of the performance implications
of design changes. By embedding this Integrated Performance View within the
model it is also possible to replicate a particular assessment at a later date.

There is insufficient information to produce an IPV for the case study but

an example is shown in Figure 37.
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6 Conclusion

The impact of the effects of energy consumption and in particular of the
emissions from energy produced from the consumption of fossil fuels is
important for the climate, global warming and generaly for the sustainable
development, in that excessive energy consumption is believed to lead to
climate change because of the greenhouse gases that are emitted as a result of

energy consumption.

Moreover, a significant amount of energy is consumed by the building
sector, and therefore there is a great potential for energy savings in this sector.
To take full advantage of these savings, it will be necessary to introduce new
conservation measures and associated legidation. In this respect, the European
Union has introduced a new Directive for the energy performance of buildings.
This is the first time that the energy performance of buildings has been
officially introduced as an aspect to be considered in this way. It goes without
saying that the intentions, objectives and scope of the Directive are positive
and to be welcomed. However, the document does not yet specify the way in
which the requirements of this Directive should be addressed. Nevertheless,
the Directive proposes that the building aspects concerned with energy
performance should be integrated._But not how. This thesis proposed that

dynamic integrated simulation could be one way of integrating all of these
aspects and that it could cope well with the Directive's requirements. This was
examined through acase study that was selected to examine the scope for

integration.

A number of possible simulation tools were reviwed. Their suitability for
studying the various energy performance aspects that the Directive proposes
was assessed. ESP-r was available to the author and therefore was used in this

case. Tools vary in approach for purpose but in generally can meet most of the

Directive' s requirements.

Two key aspects, the thermal insulation and the heating were, analysed in
an interrelated ssimulation by using ESP-r and detailed results were produced
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for each of these aspects by inserting the appropriate inputs. New results were
produced for a senior of changes to each of these two aspects and moreover for
the additional changes of climate, orientation, air tightness of the building and
occupancy. These changes were simultaneously taken into account by the
simulation tool and different results were produced rapidly. A comfort analysis
was also produced and again analytical outputs were given by ESP-r to relate
the aspect of the indoor air quality with the rest energy performance aspects.

All these results could be very difficult to be calculated in such detail with
other ways. However, the study shows that simulation has the flexibility to
produce hourly and overall annua performance results. To make information
presentation clearer, the approach of the Integrated Performance View that
ESP-r produces is proposed as a possible development for al simulation tools
if used to address the Directive. The Integrated Performance View option of
ESP-r, also offers a clearly presented analysis of all of the aspects relating to
the energy performance of buildings. It also offers a comparison technique for
the energy performances of different building design options and can provide

useful conclusions in aclearly illustrated manner.

However, using simulation to produce all these results and improve the
energy performance of the buildings is a complicated process and users have
to be trained in these techniques Despite the steep learning curves, using
dynamic simulation is the only reliable way to integrate all of the energy
performance aspects involved. Professionals dealing with energy matters in
buildings may find it necessary to move up that learning curve by beginning
the process of starting to use dynamic simulation tools in order to be ready to
meet the challenges of the Comission’s new Directive.

This thesis concludes that the available ssimulation tools can address the

requirements of the Directive.
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7 Recommendations for future work

Member States should make the minimum standards for the energy
performance of buildings and generally the requirements of the Directive,
more specific by introducing new legidation. Suggestions and studies should
be undertaken with regard to this by also taking into account the energy
performance that buildings should have in the future.

Moreover, studies can be undertaken with a view to suggesting more new
measures, which will include industrial and existing buildings or which will
contribute in to improving the energy performance of a larger number of
buildings.

Therefore, proposals should be made for new, novel approaches to both
legislate and encourage owners and occupiers to continually improve al the
time the energy performance of their buildings in the form of tax deductions,

soft credits and generally other economic initiatives.

Additionally, further examination of the Directive and how to address its
requirements, could be made in context of more and more appropriate

simulation tools.

Also, ecommendations could be made for how to modify all ssmulation

tools to address the same key issues.

Finaly, in order for professionals to start using the available simulation
tools more and to address the Directive’s requirements, new methods should
be found for managing and deploying (training courses, tutorials, support
groups, etc.) these tools within design practice. There is such an initiative in
the UK and such an Association world wide — set up to assist with using tools.
Simulation tools should be improved and developed to be more “user friendly”
bearing in mind that this is difficult due to the complex nature of the tools and

the number of aspects that the tools attempt to integrate and analyse.
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9 Appendices
9.1 Files used for the case study

9.1.1 System Configuration file (.cfg)

* CONFIGURATION3.0

# ESRU system configuration defined by file

# office_win.cfg

*date Sat Aug 23 19:07:20 1997 # latest file modification
*root office

*zonpth ../zones # path to zones

*netpth ../networks # path to networks
*ctlpth ../ctl # path to controls
*imgpth ../images # path to project images

*indx 1 # Building only
59.000 0.000 # Latitude & Longitude (diff from meridian)
2 0.200 # Site exposure & ground reflectivity
* DATABASES
*prm /usr/esru/esp-r/databases/constr.db2
*mic /usr/esru/esp-r/databases/multicon.db2
*opt /usr/esru/esp-r/databases/optics.db2
*prs /usr/esru/esp-r/databases/pressc.dbl
*evn /usr/esru/esp-r/databases/profiles.dbl
*clm /usr/esru/esp-r/climate/clm67
*pdb /usr/esru/esp-r/databases/plantc.dbl
*ctl ../ctl/winter4.ctl
*year 1967 # assessment year
*img GIF FZON ../images/office_montg.gif
*img GIF FNET ../images/office_af.gif
* PROJLOG
office.log
* Building
office building, winter operation
17 #no of zones
*zon 1 #referencefor corid 1
*opr ../zones/entry.opr # schedules
*geo ../zones/corid_1.geo # geometry
*con ../zones/corid_1.con # construction
*tmc ../zones/corid_1.tmc # transparent constr
*zend
*zon 2 #referencefor corid_g
*opr ../zones/entry.opr # schedules
*Qeo ../zones/corid_g.geo # geometry
*con ../zones/corid_g.con # construction
*tmc ../zones/corid_g.tmc # transparent constr
*zend
*zon 3 #referencefor Unit_f
*opr ../zones/occup_offices.opr # schedules



*geo ../zones/Unit_f.geo # geometry

*con ../zones/Unit_f.con # construction

*tmc ../zones/Unit_f.tmc # transparent constr
*zend

*zon 4 #referencefor Unit_g

*opr ../zones/offices_bg.opr # schedules
*geo ../zones/Unit_g.geo # geometry

*con ../zones/Unit_g.con # construction
*tmc ../zores/Unit_g.tmc # transparent constr
*zend

*zon 5 #referencefor Unit |

*opr ../zones/occup_offices.opr # schedules
*geo ../zones/Unit_j.geo # geometry

*con ../zones/Unit_j.con # construction

*tmc ../zones/Unit_j.tmc # transparent constr
*zend

*zon 6 #referencefor Unit_a

*opr ../zones/occup_offices.opr # schedules
*geo ../zones/Unit_a.geo # geometry

*con ../zones/Unit_a.con # construction
*tmc ../zones/Unit_atmc # transparent constr
*zend

*zon 7 # referencefor Unit_b

*opr ../zones/offices_bg.opr # schedules
*geo ../zones/Unit_b.geo # geometry

*con ../zones/Unit_b.con # construction
*tmc ../zones/Unit_b.tmc # transparent constr
*zend

*zon 8 #referencefor Unit_e

*opr ../zones/occup_offices.opr # schedules
*geo ../zones/Unit_e.geo # geometry

*con ../zones/Unit_e.con # construction
*tmc ../zones/Unit_e.tmc # transparent constr
*zend

*zon 9 #reference for Unit_hi

*opr ../zones/unoccup_offices.opr # schedules
*geo ../zones/Unit_hi.geo # geometry

*con ../zones/Unit_hi.con # construction
*tmc ../zones/Unit_hi.tmc # transparent constr
*zend

*zon 10 # referencefor Unit_cd

*opr ../zones/unoccup_offices.opr # schedules
*geo ../zones/Unit_cd.geo # geometry

*con ../zones/Unit_cd.con # construction
*tmc ../zones/Unit_cd.tmc # transparent constr
*zend

*zon 11 #referencefor ceil_fg

*opr ../zones/ceiling.opr # schedules

*geo ../zones/ceil_fg.geo # geometry

*con ../zones/cell_fg.con # construction



*zerd
*zon 12 # referencefor ceil _chi
*opr ../zones/ceiling.opr # schedules
*geo ../zones/cell_chi.geo # geometry
*con ../zones/cell_chi.con # construction
*tmc ../zones/cell _chi.tmc # transparent constr
*zend
*zon 13 #referencefor ceil |
*opr ../zones/ceiling.opr # schedules
*geo ../zones/cell_j.geo # geometry
*con ../zones/cell_j.con # construction
*zend
*zon 14 #referencefor stair_abfg
*opr ../zones/entry.opr # schedules
*geo ../zones/stair_abfg.geo # geometry
*con ../zones/stair_abfg.con # construction
*zend
*zon 15 #reference for stair_deij
*opr ../zones/entry.opr # schedules
*Qgeo ../zones/stair_deij.geo # geometry
*con ../zones/stair_deij.con # construction
*zend
*zon 16 # referencefor toilets
*opr ../zones/entry.opr # schedules
*geo ../zones/toilets.geo # geometry
*con ../zones/toilets.con # construction
*zend
*zon 17 # reference for roof
*opr ../zones/roof.opr # schedules
*geo ../zones/roof.geo # geometry
*con ../zones/roof.con # construction
*zend
*cnn office.cnn # connections
1 #fluid flow network:

.Inetworks/winter.afn # leakage description

65111214 781013 900015161718



9.1.2 System Control file (.ctl)

science park # overall descr
* Building
winter heating # bld descr
3 #No. of functions
* Control function
# senses the temperature of the current zone.
0O 0 O O #sensordata
# actuates air point of the current zone
0 O O #actuator data
0# No. day types
1 365 #vaid Sun 1Jan - Sun 31 Dec
3 # No. of periodsin day
0 2 0.000 #ctl type, law (freefloating), start @
0. # No. of dataitems
0O 1 8.000 #ctl type, law (basic control), start @
7. # No. of dataitems
65000.000 0.000 0.000 0.000 20.000 100.000 0.000
0 2 17.000 # ctl type, law (free floating), start @
0. #No. of dataitems
1 365 #vaid Sun 1Jan - Sun 31 Dec
1 # No. of periodsin day
0O 1 0.000 #ctl type, law (basic control), start @
7. # No. of dataitems
65000.000 0.000 0.000 0.000 10.000 100.000 0.000
1 365 #valid Sun 1 Jan - Sun 31 Dec
1 # No. of periodsin day
0 1 0.000 #ctl type, law (basic control), start @
7. #No. of dataitems
65000.000 0.000 0.000 0.000 10.000 100.000 0.000
* Control function
# senses the temperature of the current zone.
0O O O O #sensordata
# actuates air point of the current zone
0 O O #actuator data
1 # No. day types
1 365 #vaid Sun 1Jan - Sun 31 Dec
1 # No. of periodsin day
0O 1 0.000 #ctl type, law (basic control), start @
7. #No. of dataitems
65000.000 0.000 0.000 0.000 10.000 100.000 0.000
* Control function
0 1 0.000 #ctl type, law (basic control), start @
7. # No. of dataitems
65000.000 0.000 0.000 0.000 10.000 100.000 0.000
* Control function
# senses the temperature of the current zone.
0O 0 O O #sensordata



# actuates air point of the current zone
0 0 O #actuator data
1 # No. day types
1 365 #vaid Sun 1Jan - Sun 31 Dec
1 # No. of periodsin day
0O 1 0.000 #ctl type, law (basic control), start @
7. #No. of data items
65000.000 0.000 0.000 0.000 10.000 100.000 0.000
* Control function
# senses the temperature of the current zone.
0 0 O O #sensordata
# actuates air point of the current zone
0 O O #actuator data
0 # No. day types
1 365 #vaid Sun 1Jan - Sun 31 Dec
3 # No. of periodsin day
0 2 0.000 #ctl type, law (freefloating), start @
0. # No. of dataitems
0 1 8.000 #ctl type, law (basic control), start @
7. # No. of data items
65000.000 0.000 0.000 0.000 15.000 100.000 0.000
0 2 17.000 #ctl type, law (free floating), start @
0. #No. of dataitems
1 365 #vaid Sun 1Jan - Sun 31 Dec
1 # No. of periodsin day
0O 1 0.000 #ctl type, law (basic control), start @
7. # No. of dataitems
65000.000 0.000 0.000 0.000 10.000 100.000 0.000
1 365 #valid Sun 1 Jan - Sun 31 Dec
1 # No. of periodsin day
0 1 0.000 #ctl type, law (basic control), start @
7. # No. of dataitems
65000.000 0.000 0.000 0.000 10.000 100.000 0.000
# Function:Zone links
33111111110002230



9.1.3 Geometry files (.geo)

# geometry of Unit_adefined in: ../zones/geo/Unit_a.geo
GEN Unit_a #type zonename
28 13 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord
12.00000 48.00000 3.80000 #vert 1
16.00000 48.00000 3.80000 # vert 2
29.50000 48.00000 3.80000 #vert 3
29.50000 50.50000 3.80000 #vert 4
34.00000 50.50000 3.80000 #vert 5
34.00000 60.00000 3.80000 #vert 6
9.99900 60.00000 3.80000 #vert 7
12.00000 48.00000 6.50000 #vert 8
16.00000 48.00000 6.50000 #vert 9
29.50000 48.00000 6.50000 # vert 10
29.50000 50.50000 6.50000 #vert 11
34.00000 50.50000 6.50000 #vert 12
34.00000 60.00000 6.50000 # vert 13
10.00000 60.00000 6.50000 # vert 14
10.00000 48.00000 3.80000 # vert 15
10.00000 48.00000 6.50000 # vert 16
34.00000 51.00000 5.00000 # vert 17
34.00000 59.00000 5.00000 # vert 18
34.00000 59.00000 5.90000 #vert 19
34.00000 51.00000 5.90000 # vert 20
33.50000 60.00000 5.00000 # vert 21
10.50000 60.00000 5.00000 # vert 22
10.50000 60.00000 5.90000 # vert 23
33.50000 60.00000 5.90000 # vert 24
10.00000 59.50000 4.53000 # vert 25
10.00000 48.50000 4.53000 # vert 26
10.00000 48.50000 6.03000 # vert 27
10.00000 59.50000 6.03000 # vert 28
# no of vertices followed by list of associated vert
4,1, 2, 9, 8§,

4, 2, 3,10, 9,

4, 3, 4,11, 10,

4, 4, 5,12, 11,

10, 5, 6,13, 12, 5,17, 20, 19, 18, 17,
10, 6, 7,14, 13, 6, 21, 24, 23, 22, 21,
10, 7,15, 16, 14, 7, 25, 28, 27, 26, 25,
8,16, 8, 9,10, 11, 12, 13, 14,

8, 1,15 7,6, 5, 4, 3, 2

4,15, 1, 8, 16,

4,17, 18, 19, 20,

4,21, 22, 23, 24,

4, 25, 26, 27, 28,



# number of default windows within each surface
0000000O0O0O0OOOO
# surfaces indentation (m)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0 0 0O #defaultinsolation distribution
# surface attributes follow:
#id surface geom loc/ micdb  environment
#no name type posn name other side
1, prt_t OPAQ VERT gyp_blk_ptn toilets
2,prt ab  OPAQ VERT gyp_blk ptn Unit_b
3,sr 3 OPAQ VERT gyp blk ptn stair_abfg
4, str 4 OPAQ VERT gyp blk ptn stair_abfg
5, east OPAQ VERT insul_mtl_ p EXTERIOR
6, north OPAQ VERT insul_mtl_p EXTERIOR
7, west OPAQ VERT insul_mtl_ p EXTERIOR
8, cel_a OPAQ CEIL susp_ceil roof
9, floor OPAQ FLOR susp floor ceil fg
10, door OPAQ VERT door corid_1
11,glz e TRAN VERT dbl_glz EXTERIOR
12,glz_n TRAN VERT dbl_glz EXTERIOR
13,glz w TRAN VERT dbl_glz EXTERIOR

# geometry of Unit_b defined in: ../zones/geo/Unit_b.geo

GEN Unit_b #type zone name
16 9 0.000 # vertices, surfaces, rotation angle

# X co-ord, Y co-ord, Z co-ord
16.00000 36.00000 3.80000 # vert
34.00000 36.00000 3.80000 # vert
34.00000 45.50000 3.80000 # vert
29.50000 45.50000 3.80000 # vert
29.50000 48.00000 3.80000 # vert
16.00000 48.00000 3.80000 # vert
16.00000 36.00000 6.50000 # vert
34.00000 36.00000 6.50000 # vert
34.00000 45.50000 6.50000 # vert
29.50000 45.50000 6.50000 # vert 10
29.50000 48.00000 6.50000 # vert 11
16.00000 48.00000 6.50000 # vert 12
34.00000 36.50000 5.00000 #vert 13
34.00000 44.50000 5.00000 # vert 14
34.00000 44.50000 5.90000 # vert 15
34.00000 36.50000 5.90000 # vert 16

# no of vertices followed by list of associated vert

4, 1, 2, 8, 7,
, 8, 2,13, 16, 15, 14, 13,

O©oo~NOoOOTh~,WNE



7,12
, 9,10,11,1
, 1,6 5 4, 3 2
4,13, 14, 15, 16,
# number of default windows within each surface
000000O0O0O
# surfaces indentation (m)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0 0 O #defaultinsolation distribution
# surface attributes follow:
#id surfface geom loc/ micdb  environment
#no name type posn name other side
1,prt b-c OPAQ VERT gyp blk ptn Unit cd
2, east OPAQ VERT insul_mtl_p EXTERIOR
3,sr 4 OPAQ VERT gyp blk ptn stair_abfg
4, str_5 OPAQ VERT gyp_blk ptn stair_abfg
5prt ab  OPAQ VERT gyp_blk ptn Unit_a
6,prt t b  OPAQ VERT gyp blk ptn toilets
7,cel b OPAQ CEIL susp_ceil roof
8, floor OPAQ FLOR susp floor ceil fg
9,dze TRAN VERT dbl_glz EXTERIOR

=

21

oo N
o)
o 0

# geometry of Unit_cd defined in: ../zones/geo/Unit_cd.geo

GEN Unit_cd #type zonename
26 13 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord
12.00000 12.00000 3.80000 # vert
29.00000 12.00000 3.80000 # vert
29.00000 14.50000 3.80000 # vert
34.00000 14.50000 3.80000 # vert
34.00000 36.00000 3.80000 # vert
16.00000 36.00000 3.80000 # vert
12.00000 36.00000 3.80000 # vert
12.00000 12.00000 6.50000 # vert
29.00000 12.00000 6.50000 # vert
29.00000 14.50000 6.50000 # vert 10
34.00000 14.50000 6.50000 # vert 11
34.00000 36.00000 6.50000 # vert 12
16.00000 36.00000 6.50000 # vert 13
12.00000 36.00000 6.50000 # vert 14
12.00000 28.00000 3.80000 # vert 15
12.00000 20.00000 3.80000 # vert 16
12.00000 20.00000 5.90000 # vert 17
12.00000 28.00000 5.90000 # vert 18
34.00000 15.50000 5.00000 # vert 19
34.00000 30.50000 5.00000 #vert 20
34.00000 30.50000 5.90000 # vert 21
34.00000 15.50000 5.90000 # vert 22

©oo~NOoOOTh~,WNE



12.20000 24.00000 3.90000 # vert 23
33.80000 24.00000 3.90000 # vert 24
33.80000 24.00000 6.40000 # vert 25
12.10000 24.00000 6.40000 # vert 26

# no of vertices followed by list of associated vert
8, 7,15,18,17,16, 1, 8,14,

2, 9 8,

3,10, 9,

4,11, 10,

, 5,12,11, 4,19, 22, 21, 20, 19,

13, 12,

, 14, 13,

10, 11, 12, 13, 14,

, 5, 4, 3, 2, 1,16, 15,

6, 17, 18,

0, 21, 22,

, 24, 25, 26,
4,24, 23, 26, 25,

# number of default windows within each surface
0000O000O0OO0OOOO

# surfaces indentation (m)
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0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

3 0 0 O #defaultinsolation distribution
# surface attributes follow:
#id surface  geom loc/ micdb environment
#no name type posn name other side

1, passg OPAQ VERT mass part corid 1

2, prt_de OPAQ VERT gyp_blk _ptn Unit e
3,str 2 OPAQ VERT gyp_blk ptn stair_deij

4, str 3 OPAQ VERT gyp blk ptn stair_deij

5, east OPAQ VERT insul_mtl_p EXTERIOR

6, prt_bc OPAQ VERT gyp blk ptn Unit_ b

7, prt_tc OPAQ VERT gyp_blk_ptn toilets

8, cell OPAQ CEIL susp_ceil roof

9, floor OPAQ FLOR susp floor cell _chi

10, door TRAN VERT dbl_glz corid_1

11, w_glaz TRAN VERT dbl_glz EXTERIOR
12,inner_pl OPAQ VERT mass pat ADIABATIC
13,inner_p2 OPAQ VERT mass pat ADIABATIC

# geometry of Unit_e defined in: ../zones/geo/Unit_e.geo
GEN Unit_e #type zone name

26 12 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord

10.00000 0.00000 3.80000 #vert 1

34.00000 0.00000 3.80000 #vert 2

34.00000 9.50000 3.80000 #vert 3

29.00000 9.50000 3.80000 #vert 4



29.00000 12.00000 3.80000 #vert 5
12.00000 12.00000 3.80000 # vert 6
10.00000 12.00000 3.80000 #vert 7
10.00000 0.00000 6.50000 #vert 8

34.00000 0.00000 6.50000 # vert 9

34.00000 9.50000 6.50000 # vert 10
29.00000 9.50000 6.50000 #vert 11
29.00000 12.00000 6.50000 # vert 12
12.00000 12.00000 6.50000 # vert 13
10.00000 12.00000 6.50000 # vert 14
34.00000 0.50000 5.00000 # vert 15
34.00000 8.50000 5.00000 # vert 16
34.00000 8.50000 5.90000 # vert 17
34.00000 0.50000 5.90000 # vert 18
10.50000 0.00000 5.00000 # vert 19
33.50000 0.00000 5.00000 # vert 20
33.50000 0.00000 5.90000 # vert21
10.50000 0.00000 5.90000 # vert 22
10.00000 11.50000 4.53000 # vert 23
10.00000 0.50000 4.53000 # vert 24
10.00000 0.50000 6.03000 # vert 25
10.00000 11.50000 6.03000 # vert 26

# no of vertices followed by list of associated vert
10, 1, 2, 9, 8, 1,19, 22,21, 20, 19,
10, 2, 3,10, 9, 2,15, 18, 17, 16, 15,
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35,
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4,23, 24, 25, 26,
# number of default windows within each surface
0000000O0OO0O0OOO
# surfaces indentation (m)

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

3 0 0 0O #defaultinsolation distribution
# surface attributes follow:
#id surface  geom loc/ micdb environment
#no name type posn name other side

1, south OPAQ VERT insul_mtl_p EXTERIOR
2, east OPAQ VERT insul_mtl_p EXTERIOR
3,str 3 OPAQ VERT gyp_blk ptn stair_deij
4,str 4 OPAQ VERT gyp blk ptn stair_deij
5prt de OPAQ VERT gyp blk ptn Unit_cd

6, door OPAQ VERT door corid 1

7, west OPAQ VERT insul_mtl_p EXTERIOR

-10 -



8, cel_e OPAQ CEIL susp_ceil roof

9, floor OPAQ FLOR susp floor cell_j
10,glz e TRAN VERT dbl_ gz EXTERIOR
11,9lz_s TRAN VERT dbl_glz EXTERIOR
12, glz w TRAN VERT dbl_glz EXTERIOR

# geometry of Unit_f defined in: ../zones/geo/Unit_f.geo
GEN Unit_f #type zonename
28 13 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord
12.00000 48.00000 0.00000 # vert
16.00000 48.00000 0.00000 # vert
29.50000 48.00000 0.00000 # vert
29.50000 50.50000 0.00000 # vert
34.00000 50.50000 0.00000 # vert
34.00000 60.00000 0.00000 # vert
10.00000 60.00000 0.00000 # vert
12.00000 48.00000 2.70000 # vert
16.00000 48.00000 2.70000 # vert
29.50000 48.00000 2.70000 #vert 10
29.50000 50.50000 2.70000 #vert 11
34.00000 50.50000 2.70000 #vert 12
34.00000 60.00000 2.70000 # vert 13
10.00000 60.00000 2.70000 # vert 14
10.00000 48.00000 0.00000 # vert 15
10.00000 48.00000 2.70000 # vert 16
34.00000 51.00000 1.20000 #vert 17
34.00000 59.00000 1.20000 # vert 18
34.00000 59.00000 2.10000 #vert 19
34.00000 51.00000 2.10000 # vert 20
33.50000 60.00000 1.20000 # vert 21
10.50000 60.00000 1.20000 # vert 22
10.50000 60.00000 2.10000 # vert 23
33.50000 60.00000 2.10000 # vert 24
10.00000 59.50000 0.73000 # vert 25
10.00000 48.50000 0.73000 # vert 26
10.00000 48.50000 2.23000 # vert 27
10.00000 59.50000 2.23000 # vert 28
# no of vertices followed by list of associated vert
4,1, 2, 9, 8§,
4, 2, 3,10, 9,
4, 3, 4,11, 10,

O©oo~NOoO Ok, WNE

6, 13 20, 19, 18, 17,
, 1,14,13, 6,21, 24, 23, 22, 21,
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4,15, 1, 8, 16,
4,17, 18, 19, 20,
4,21, 22, 23, 24,
4,25, 26, 27, 28,
# number of default windows within each surface
000O0O0O0O00O0OO0OOOO
# surfaces indentation (m)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0 0 0 #defaultinsolation distribution
# surface attributes follow:
#id surfface geom loc/ micdb  environment
#no name type posn name other side
1, prt_-t  OPAQ VERT gyp_blk_ptn toilets
2,prt g  OPAQ VERT gyp blk ptn Unit g
3,str 3 OPAQ VERT gyp blk ptn stair_abfg
4,str 4 OPAQ VERT gyp_blk ptn stair_abfg
5, east OPAQ VERT insul_mtl_p EXTERIOR
6, north OPAQ VERT insul_mtl_p EXTERIOR
7, west OPAQ VERT insul_mtl p EXTERIOR
8, cal f OPAQ CEIL susp_ceil cell _fg
9, floor OPAQ FLOR grnd floor GROUND
10, door OPAQ VERT door corid_g
11,glz e TRAN VERT dbl_ gz EXTERIOR
12,dglz_n TRAN VERT dbl_glz EXTERIOR
13,glz w TRAN VERT dbl_glz EXTERIOR

# geometry of Unit_g defined in: ../zones/geo/Unit_g.geo

GEN Unit_g #type zone name
16 9 0.000 # vertices, surfaces, rotation angle

# X co-ord, Y co-ord, Z co-ord
16.00000 36.00000 0.00000 # vert
34.00000 36.00000 0.00000 # vert
34.00000 45.50000 0.00000 # vert
29.50000 45.50000 0.00000 # vert
29.50000 48.00000 0.00000 # vert
16.00000 48.00000 0.00000 # vert
16.00000 36.00000 2.70000 # vert
34.00000 36.00000 2.70000 # vert
34.00000 45.50000 2.70000 # vert
29.50000 45.50000 2.70000 # vert 10
29.50000 48.00000 2.70000 # vert 11
16.00000 48.00000 2.70000 # vert 12
34.00000 36.50000 1.20000 # vert 13
34.00000 44.50000 1.20000 # vert 14
34.00000 44.50000 2.10000 # vert 15
34.00000 36.50000 2.10000 #vert 16

# no of vertices followed by list of associated vert

4,1, 2, 8, 7,

O©oo~NO Ok, WNE
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10, 2, 3, 9, 8, 2,13, 16, 15, 14, 13,
4, 3, 4,10, 9,

4, 4, 5,11, 10,

4, 5, 6,12, 11,

4, 6, 1, 7,12,

6, 7, 8, 9 10, 11, 12,

6,1 6,5 4, 3, 2

4,13, 14, 15, 16,

# number of default windows within each surface
000000O0O00O
# surfaces indentation (m)

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

3 0 0 O #defaultinsolation distribution
# surface attributes follow:
#id surface  geom loc/ micdb environment
#n0 name type posn name other side

1, prt gh  OPAQ VERT gyp_blk ptn Unit_hi
2, east OPAQ VERT insul_mtl_p EXTERIOR
3,9r 4 OPAQ VERT gyp_blk ptn stair_abfg
4,str 5 OPAQ VERT gyp blk ptn stair_abfg
5prt g OPAQ VERT gyp blk ptn Unit f

6, prt_t OPAQ VERT gyp _blk ptn toilets

7, ceil OPAQ CEIL susp ceil ceil_fg

8, floor OPAQ FLOR grnd_floor GROUND
9,9z e TRAN VERT dbl_glz EXTERIOR

# geometry of Unit_hi defined in: ../zones/geo/Unit_hi.geo
GEN Unit_hi #type zonename

26 13 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord

12.00000
29.00000
29.00000
34.00000
34.00000
16.00000
12.00000
12.00000
29.00000
29.00000
34.00000
34.00000
16.00000
12.00000
12.00000
12.00000
12.00000
12.00000

12.00000
12.00000
14.50000
14.50000
36.00000
36.00000
36.00000
12.00000
12.00000
14.50000
14.50000
36.00000
36.00000
36.00000
28.00000
20.00000
20.00000
28.00000

0.00000 # vert
0.00000 # vert
0.00000 # vert
0.00000 # vert
0.00000 # vert
0.00000 # vert
0.00000 # vert
2.70000 # vert
2.70000 # vert
2.70000 #vert 10
2.70000 #vert 11
2.70000 # vert 12
2.70000 # vert 13
2.70000 #vert 14
0.00000 #vert 15
0.00000 #vert 16
2.10000 #vert 17
2.10000 #vert 18

O©oo~NOoO Ok, WNE
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34.00000 15.50000 1.20000 #vert 19
34.00000 30.50000 1.20000 # vert 20
34.00000 30.50000 2.10000 #vert 21
34.00000 15.50000 2.10000 # vert 22
12.20000 24.00000 0.10000 # vert 23
33.80000 24.00000 0.10000 #vert 24
33.80000 24.00000 2.60000 # vert 25
12.10000 24.00000 2.60000 # vert 26
# no of vertices followed by list of associated vert
8, 7,15,18,17, 16, 1, 8, 14,
4,
4,
4,
0,

©
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5 4, 3, 2, 1,16, 15,

, 17, 18,

20, 21, 22,

, 23, 24, 25, 26,
4,24, 23, 26, 25,

# number of default windows within each surface
0O000O0OO0O0O0OOOOOO

# surfaces indentation (m)

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0 0 0 #defaultinsolation distribution

# surface attributes follow:

#id surface geom loc/ micdb  environment

N B
© o1 NS
B oOONO
5o ¢

4
4
7
9
4
4
4

#no name type posn name other side
1, passg OPAQ VERT mass part corid g
2, prt_ij OPAQ VERT gyp _blk ptn Unit_j

3,str 2 OPAQ VERT gyp blk ptn stair_deij
4,str 3 OPAQ VERT gyp blk _ptn stair_deij

5, east OPAQ VERT insul_mtl_p EXTERIOR

6, prt_gh OPAQ VERT gyp_blk ptn Unit g

7, prt_th OPAQ VERT gyp blk ptn toilets

8, call OPAQ CEIL susp cell ceil _chi

9, floor OPAQ FLOR grnd floor GROUND

10, door TRAN VERT dbl glz corid g

11, w_glaz TRAN VERT dbl_glz EXTERIOR
12, inner_ p1 OPAQ VERT mass pat ADIABATIC
13,inner_p2 OPAQ VERT mass pat ADIABATIC

# geometry of Unit_j defined in: ../zones/geo/Unit_j.geo
GEN Unit_j #type zonename

26 12 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord
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10.00000 0.00000 0.00000 #vert 1

34.00000 0.00000 0.00000 #vert 2

34.00000 9.50000 0.00000 #vert 3

29.00000 9.50000 0.00000 #vert 4

29.00000 12.00000 0.00000 # vert 5
12.00000 12.00000 0.00000 # vert 6
10.00000 12.00000 0.00000 #vert 7
10.00000 0.00000 2.70000 #vert 8

34.00000 0.00000 2.70000 # vert 9

34.00000 9.50000 2.70000 # vert 10
29.00000 9.50000 2.70000 #vert 11
29.00000 12.00000 2.70000 #vert 12
12.00000 12.00000 2.70000 # vert 13
10.00000 12.00000 2.70000 # vert 14
34.00000 0.50000 1.20000 # vert 15
34.00000 9.00000 1.20000 # vert 16
34.00000 9.00000 2.10000 #vert 17
34.00000 0.50000 2.10000 # vert 18
10.50000 0.00000 1.20000 #vert 19
33.50000 0.00000 1.20000 # vert 20
33.50000 0.00000 2.10000 #vert21
10.50000 0.00000 2.10000 # vert 22
10.00000 11.50000 0.73000 # vert 23
10.00000 0.50000 0.73000 # vert 24
10.00000 0.50000 2.23000 # vert 25
10.00000 11.50000 2.23000 # vert 26

# no of vertices followed by list of associated vert
10, 1, 2, 9, 8, 1,19, 22,21, 20, 19,
10, 2, 3,10, 9, 2,15, 18, 17, 16, 15,

ENIF N NN
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4,23, 24, 25, 26,

# number of default windows within each surface
000000000O0O0OO

# surfaces indentation (m)

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0 0 0 #defaultinsolation distribution

# surface attributes follow:

#id surface  geom loc/ micdb  environment

#no name type posn name other side

1, south OPAQ VERT insul_mtl_p EXTERIOR
2, east OPAQ VERT insul_mtl_p EXTERIOR
3,str 3 OPAQ VERT gyp blk ptn stair_deij
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# geometry of ceil _chi defined in: ../zones/geo/ceil _chi.geo

GEN ceil_chi

28 18 0.000 # vertices, surfaces, rotation angle

#type zonename

# X co-ord, Y co-ord, Z co-ord

10.00000
10.00000
7.28300
10.00000
10.00000
10.00000
12.00000
29.00000
29.00000
34.00000
34.00000
16.00000
12.00000
12.00000
10.00000
10.00000
7.28300
10.00000
10.00000
10.00000
12.00000
29.00000
29.00000
34.00000
34.00000
16.00000
12.00000
12.00000

48.00000
46.00000
42.13900
38.00000
36.00000
12.00000
12.00000
12.00000
14.50000
14.50000
36.00000
36.00000
36.00000
48.00000
48.00000
46.00000
42.13900
38.00000
36.00000
12.00000
12.00000
12.00000
14.50000
14.50000
36.00000
36.00000
36.00000
48.00000

2.70000 #vert 1
2.70000 #vert 2
2.70000 #vert 3

2.70000 #vert 4
2.70000 #vert 5
2.70000 #vert 6
2.70000 #vert 7
2.70000 #vert 8
2.70000 #vert 9
2.70000 #vert 10
2.70000 #vert 11
2.70000 #vert 12
2.70000 #vert 13
2.70000 #vert 14
3.80000 # vert 15
3.80000 #vert 16
3.80000 # vert 17
3.80000 # vert 18
3.80000 #vert 19
3.80000 # vert 20
3.80000 #vert 21
3.80000 # vert 22
3.80000 # vert 23
3.80000 # vert 24
3.80000 # vert 25
3.80000 # vert 26
3.80000 # vert 27
3.80000 # vert 28

# no of vertices followed by list of associated vert
2,16, 15,
, 3,17, 16,
, 4,18, 17,
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1,21, 22,23, 24, 25, 26, 27,
7,13,12,11,10, 9, 8, 7,
9 6 5 4, 3 2 1,14,13, 7,

9, 15, 16, 17, 18, 19, 20, 21, 27, 28,
# number of default windows within each surface
000O0O0OO0OOOOOOOOOOOOO
# surfaces indentation (m)

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000

3 0 0 O #defaultinsolation distribution
# surface attributes follow:
#id surface  geom loc/ micdb environment
#no name type posn name other side

1, nw_ext OPAQ VERT insul_mtl_ p EXTERIOR
2, ent_ a TRAN VERT dbl_glz EXTERIOR
3, ent b TRAN VERT dbl_glz EXTERIOR
4,ent_c TRAN VERT dbl_glz EXTERIOR
5, west OPAQ VERT insul_mtl_p EXTERIOR
6, cor_j OPAQ VERT gyp_blk_ptn cell_]

7, prt_ij OPAQ VERT gyp_blk ptn ceil_j

8, str 2 OPAQ VERT gyp blk ptn stair_deij
9 str 3 OPAQ VERT gyp_blk ptn stair_deij
10, east OPAQ VERT insul_mtl p EXTERIOR
11, prt_gh OPAQ VERT gyp blk ptn ceil fg
12, prt_th OPAQ VERT gyp_blk ptn toilets

13, prt_tcor OPAQ VERT gyp_blk ptn toilets
14, prt_fcor OPAQ VERT gyp blk ptn ceil fg
15, upper OPAQ CEIL susp flr_re Unit_cd

16, cell OPAQ FLOR susp cell  Unit_hi
17,cor_ceil OPAQ FLOR susp ceill corid g

18, up_cor OPAQ CEIL susp flr_re corid 1

# geometry of ceil_fg defined in: ../zones/geo/ceil_fg.geo
GEN ceil_fg #type zone name

24 16 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord

16.00000 36.00000 2.70000 # vert 1

34.00000 36.00000 2.70000 # vert 2

34.00000 45.50000 2.70000 #vert 3

29.50000 45.50000 2.70000 #vert 4

29.50000 48.00000 2.70000 #vert 5

29.50000 50.50000 2.70000 #vert 6

34.00000 50.50000 2.70000 #vert 7

34.00000 60.00000 2.70000 #vert 8

10.00000 60.00000 2.70000 #vert 9

10.00000 48.00000 2.70000 # vert 10

12.00000 48.00000 2.70000 # vert 11

16.00000 48.00000 2.70000 # vert 12
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16.00000 36.00000 3.80000 # vert 13
34.00000 36.00000 3.80000 #vert 14
34.00000 45.50000 3.80000 #vert 15
29.50000 45.50000 3.80000 # vert 16
29.50000 48.00000 3.80000 # vert 17
29.50000 50.50000 3.80000 #vert 18
34.00000 50.50000 3.80000 #vert 19
34.00000 60.00000 3.80000 # vert 20
10.00000 60.00000 3.80000 # vert 21
10.00000 48.00000 3.80000 # vert 22
12.00000 48.00000 3.80000 # vert 23
16.00000 48.00000 3.80000 # vert 24

# no of vertices followed by list of associated vert

1, 2,14,13,

2, 3,15, 14,

3, 4,16, 15,

4, 5,17, 16,

5

6

7

8
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, 1,13, 24,

10, 11
11, 12, 24 23,
12
13, 14, 15, 16, 17, 24,
, 1,12, 5, 4, 3, 2,
, 21, 22, 23, 24,17, 18, 19, 20,
8,10, 9, 8, 7, 6, 5,12, 11,
# number of default windows within each surface
0000000O0O0OO00O0OOOOODO
# surfaces indentation (m)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000
3 0 0 0O #defaultinsolation distribution
# surface attributes follow:
#id surface geom loc/ micdb  environment
#no name type posn name other side
1, prt_gh  OPAQ VERT gyp blk ptn ceil_chi
2,east s OPAQ VERT insul_mtl_p EXTERIOR
OPAQ VERT gyp blk ptn stair_abfg
OPAQ VERT gyp blk ptn stair_abfg
OPAQ VERT gyp _blk ptn stair_abfg
OPAQ VERT gyp blk ptn stair_abfg
n OPAQ VERT insul_mtl_p EXTERIOR
8 north OPAQ VERT insul_mtl_p EXTERIOR
9, west OPAQ VERT insul_mtl_p EXTERIOR
10, cor_d OPAQ VERT gyp blk_ptn ceil _chi
11, prt_t1 OPAQ VERT gyp_blk_ptn toilets
12, prt_t2 OPAQ VERT gyp blk ptn toilets
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13, floor b  OPAQ CEIL susp flr_re Unit_ b
14, cell g OPAQ FLOR susp _ceil Unit g
15, floor a  OPAQ CEIL susp flr_re Unit_a
16, cell_f OPAQ FLOR susp cell Unit f

# geometry of cell_j defined in: ../zones/geo/cell _j.geo
GEN call_j #type zone name
14 9 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord
10.00000 0.00000 2.70000 #vert 1
34.00000 0.00000 2.70000 #vert 2
34.00000 9.50000 2.70000 #vert 3
29.00000 9.50000 2.70000 #vert 4
29.00000 12.00000 2.70000 #vert 5
12.00000 12.00000 2.70000 # vert 6
9.99900 12.00000 2.70000 #vert 7
10.00000 0.00000 3.80000 #vert 8
34.00000 0.00000 3.80000 #vert 9
34.00000 9.50000 3.80000 # vert 10
29.00000 9.50000 3.80000 #vert 11
29.00000 12.00000 3.80000 # vert12
12.00000 12.00000 3.80000 # vert 13
10.00000 12.00000 3.80000 # vert 14
# no of vertices followed by list of associated vert

4,1, 2, 9, §,

4, 2, 3,10, 9,

4, 3, 4,11, 10,

4, 4, 5,12, 11,

4, 5, 6,13, 12,

4, 6, 7,14, 13,

4, 7, 1, 8, 14,

7, 8, 9,10, 11, 12, 13, 14,
7, 1,7, 6,5 4,3, 2,

# number of default windows within each surface
000000O0O00O

# surfaces indentation (m)

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0 0 0O #defaultinsolation distribution

# surface attributes follow:

#id surface  geom loc/ micdb environment

#no name type posn name other side

1, south OPAQ VERT insul_mtl_p EXTERIOR
2, east OPAQ VERT insul_mtl_p EXTERIOR
3,sr 3 OPAQ VERT gyp blk ptn stair_deij
4,str 4 OPAQ VERT gyp blk ptn stair_deij

5, prt_i-j OPAQ VERT gyp_blk ptn ceil _chi

6, cor_dj OPAQ VERT gyp_blk _ptn ceil_chi

7, west OPAQ VERT insul_mtl_p EXTERIOR
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8, upper OPAQ CEIL susp flr_re Unit_e
9, lower OPAQ FLOR susp ceil  Unit |

# geometry of corid_1 defined in: ../zones/geo/corid_1.geo

GEN corid 1 #type zonename
26 13 0.000 # vertices, surfaces, rotation angle

# X co-ord, Y co-ord, Z co-ord
10.00000 36.00000 3.80000 # vert
10.00000 12.00000 3.80000 # vert
12.00000 12.00000 3.80000 # vert
12.00000 36.00000 3.80000 # vert
12.00000 48.00000 3.80000 # vert
10.00000 48.00000 3.80000 # vert
10.00000 46.00000 3.80000 # vert
10.00000 38.00000 3.80000 # vert
10.00000 36.00000 6.50000 # vert
10.00000 12.00000 6.50000 # vert 10
12.00000 12.00000 6.50000 #vert 11
12.00000 36.00000 6.50000 # vert 12
12.00000 48.00000 6.50000 # vert 13
10.00000 48.00000 6.50000 # vert 14
10.00000 46.00000 6.50000 # vert 15
10.00000 38.00000 6.50000 # vert 16
7.28300 42.13900 3.80000 # vert 17
7.28300 42.13900 6.50000 # vert 18
10.00000 35.50000 4.53000 # vert 19
10.00000 12.50000 4.53000 # vert 20
10.00000 12.50000 6.03000 # vert 21
10.00000 35.50000 6.03000 # vert 22
12.00000 20.00000 3.80000 # vert 23
12.00000 28.00000 3.80000 # vert 24
12.00000 28.00000 5.90000 # vert 25
12.00000 20.00000 5.90000 # vert 26

# no of vertices followed by list of associated vert

10, 1, 2,10, 9, 1,19, 22, 21, 20, 19,
4, 2, 3,11, 10,

, 3,23,26, 25,24, 4,12, 11,

O©oO~NO O WNE

4,19, 20, 21, 22,
4,23, 24, 25, 26,

# number of default windows within each surface
0000O0O00O0OO0OOOOO

# surfaces indentation (m)



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0 0 0 #defaultinsolation distribution
# surface attributes follow:

#id surfface geom loc/ micdb  environment
#no name type posn name other side

1, west cor OPAQ VERT insul_mtl_p EXTERIOR
2, door OPAQ VERT door Unit_e

3,prt_ d-cor OPAQ VERT mass pat Unit_cd
4, prt_t cor OPAQ VERT gyp blk_ptn toilets

5, door OPAQ VERT door Unit_a

6, ent_a TRAN VERT dbl_glz EXTERIOR
7,ent b TRAN VERT dbl_glz EXTERIOR
8, ent_c TRAN VERT dbl glz EXTERIOR
9, celil OPAQ CEIL susp_ceil roof

10, floor OPAQ FLOR susp floor cell _chi

11, ent d TRAN VERT dbl glz EXTERIOR
12,glz w TRAN VERT dbl_glz EXTERIOR

13, door_dcor

# geometry of corid_g defined in: ../zones/geo/corid_g.geo

GEN corid g

26 13 0.000 # vertices, surfaces, rotation angle

TRAN VERT dbl_glz  Unit_cd

#type zone name

# X co-ord, Y co-ord, Z co-ord

10.00000
10.00000
12.00000
12.00000
12.00000
10.00000
10.00000
10.00000
10.00000
10.00000
12.00000
12.00000
12.00000
10.00000
10.00000
10.00000
7.28300

7.28300

10.00000
10.00000
10.00000
10.00100
12.00000
12.00000
12.00000

36.00000
12.00000
12.00000
36.00000
48.00000
48.00000
46.00000
38.00000
36.00000
12.00000
12.00000
36.00000
48.00000
48.00000
46.00000
38.00000
42.13900
42.13900
35.50000
12.50000
12.50000
35.50000
20.00000
28.00000
28.00000

0.00000 # vert
0.00000 # vert
0.00000 # vert
0.00000 # vert
0.00000 # vert
0.00000 # vert
0.00000 # vert
0.00000 # vert
2.70000 # vert
2.70000 #vert 10
2.70000 #vert 11
2.70000 #vert 12
2.70000 #vert 13
2.70000 #vert 14
2.70000 #vert 15
2.70000 #vert 16
0.00000 # vert 17
2.70000 #vert 18
0.73000 # vert 19
0.73000 # vert 20
2.23000 #vert 21
2.23000 # vert 22
0.00000 # vert 23
0.00000 # vert 24
2.10000 #vert 25

O©oo~NOoOOTh~,WNE
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12.00000 20.00000 2.10000 # vert 26
# no of vertices followed by list of associated vert
10, 1, 2,10, 9, 1,19, 22, 21, 20, 19,
4, 2, 3,11, 10,
3,23, 26, 25,24, 4,12, 11,
4, 5,13, 12,
5, 6,14, 13,
6, 7,15, 14,
7,17, 18, 15,
8, 1, 9, 16,
9, 10, 11, 12, 13, 14, 15, 18, 16,
1, 1,817, 7, 6,5, 424,23, 3, 2,
4,17, 8,16, 18,
4,19, 20, 21, 22,
4,23, 24, 25, 26,
# number of default windows within each surface
0000O000O0OO0OOOO
# surfaces indentation (m)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0 0 O #defaultinsolation distribution
# surface attributes follow:
#id surface  geom loc/ micdb environment
#no name type posn name other side
1, west cor OPAQ VERT insul_mtl_ p EXTERIOR
2, door OPAQ VERT door Unit_j
3,prt_i_cor OPAQ VERT mass part Unit_hi
4,prt t cor OPAQ VERT gyp_blk ptn toilets
5, door_f OPAQ VERT door Unit_f
6, ent_a TRAN VERT dbl_glz EXTERIOR
7,ent b TRAN VERT dbl_glz EXTERIOR
8, ent_c TRAN VERT dbl_glz EXTERIOR
9, ceil OPAQ CEIL susp ceil ceil _chi
10, floor OPAQ FLOR entry_floor GROUND
11, ent d TRAN VERT dbl_glz EXTERIOR
12, glz w TRAN VERT dbl_glz EXTERIOR
13, door_icor TRAN VERT dbl_glz  Unit_hi

8
4
4
4
4
4
9
1

# geometry of roof defined in: ../zones/geo/roof.geo
GEN roof #1type zonename
31 16 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord
10.00000 0.00000 6.50000 #vert 1
34.00000 0.00000 6.50000 #vert 2
34.00000 9.50000 6.50000 #vert 3
34.00000 14.50000 6.50000 #vert 4
34.00000 36.00000 6.50000 #vert 5
34.00000 45.50000 6.50000 # vert 6
34.00000 50.50000 6.50000 # vert 7
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34.00000
10.00000
10.00000
10.00000
10.00000
10.00000
10.00000
22.00000
22.00000
12.00000
29.00000
29.00000
29.00000
12.00000
16.00000
29.50000
29.50000
29.50000

60.00000
60.00000
48.00000
46.00000
38.00000
36.00000
12.00000
12.00000
48.00000
12.00000
12.00000

9.50000
14.50000
36.00000
36.00000
45.50000
48.00000
50.50000
16.00000 48.00000
12.00000 48.00000

6.50000 # vert 8

6.50000 #vert 9

6.50000 # vert 10
6.50000 #vert 11
6.50000 # vert 12
6.50000 # vert 13
6.50000 # vert 14
10.00000 # vert 15
10.00000 # vert 16
6.50000 # vert 17
6.50000 # vert 18
6.50000 # vert 19

6.50000 # vert 20
6.50000 # vert 21
6.50000 # vert 22
6.50000 # vert 23
6.50000 # vert 24
6.50000 # vert 25
6.50000 # vert 26
6.50000 # vert 27

7.28300 42.13900
7.00000 48.00000
7.00000 36.00000

6.50000 # vert 28
6.50000 # vert 29
6.50000 # vert 30

16.00000 42.00000 9.00000 # vert 31
# no of vertices followed by list of associated vert

3, 1, 2,15,

9 2 3 4,5 6, 7, § 16, 15,
3, 8, 9,16,

8, 9,10, 31, 13, 14, 1, 15, 16,
7,21,22, 5, 4,20, 18, 17,

7, 1,14, 17,18, 19, 3, 2,

5, 4, 3,19, 18, 20,

4,21, 27, 26, 22,

8,10, 9, 8, 7,25, 24,26, 27,
5,23,24,25, 7, 6,

9,14, 13,12, 28, 11, 10, 27, 21, 17,
7,30, 29, 10, 11, 28, 12, 13,

3, 10, 29, 31,

3, 29, 30, 31,

3, 30, 13, 31,

6, 22, 26, 24, 23, 6, 5,
# number of default windows within each surface
0000O0O0OO0O0O0OOOOOOOOO
# surfaces indentation (m)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000
3 0 0 0 #defaultinsolation distribution
# surface attributes follow:
#id surface  geom loc/ micdb
#no name type posn name

environment
other side
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1, south OPAQ UNKN roof EXTERIOR
2, east OPAQ UNKN roof EXTERIOR
3, north OPAQ UNKN roof EXTERIOR
4, west OPAQ UNKN roof EXTERIOR
5 cel ¢ OPAQ FLOR susp ceil Unit_cd

6, cell_e OPAQ FLOR susp cell Unit_e
7,stair de  OPAQ FLOR susp_ceill stair_deij

8, call t OPAQ FLOR susp cell toilets

9, cel_a OPAQ FLOR susp_ceill Unit_a

10, stair_ ab  OPAQ FLOR susp ceil stair_abfg
11,corid ¢ = OPAQ FLOR susp ceil corid 1

12, sofit OPAQ FLOR insul_mtl_p EXTERIOR
13,ent rn  OPAQ UNKN roof EXTERIOR
14, ent r w  OPAQ UNKN roof EXTERIOR
15,ent r s  OPAQ UNKN roof EXTERIOR

16,cel b  OPAQ FLOR susp _ceil Unit b

# geometry of stair_abfg defined in: ../zones/geo/stair_abfg.geo

GEN air_abfg #type zone name
24 16 0.000 # vertices, surfaces, rotation angle

# X co-ord, Y co-ord, Z co-ord
34.00000 45.50000 0.00000 # vert
34.00000 50.50000 0.00000 # vert
29.50000 50.50000 0.00000 # vert
29.50000 48.00000 0.00000 # vert
29.50000 45.50000 0.00000 # vert
34.00000 45.50000 6.50000 # vert
34.00000 50.50000 6.50000 # vert
29.50000 50.50000 6.50000 # vert
29.50000 48.00000 6.50000 # vert
29.50000 45.50000 6.50000 # vert 10
34.00000 45.50000 2.70000 #vert 11
34.00000 45.50000 3.80000 # vert 12
34.00000 50.50000 2.70000 # vert 13
34.00000 50.50000 3.80000 # vert 14
29.50000 50.50000 2.70000 # vert 15
29.50000 50.50000 3.80000 # vert 16
29.50000 48.00000 2.70000 # vert 17
29.50000 48.00000 3.80000 # vert 18
29.50000 45.50000 2.70000 # vert 19
29.50000 45.50000 3.80000 # vert 20
34.00000 46.50000 0.00000 #vert 21
34.00000 47.30000 0.00000 # vert 22
34.00000 47.30000 2.10000 # vert 23
34.00000 46.50000 2.10000 # vert 24

# no of vertices followed by list of associated vert

12, 1,21, 24, 23,22, 2,13, 14, 7, 6,12, 11,
4, 2, 3,15, 13,
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4,21, 22, 23, 24,
# number of default windows within each surface
0000O0O0OO0O0O0OOOOOOOOO
# surfaces indentation (m)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000
3 0 0 0 #defaultinsolation distribution
# surface attributes follow:

#id surface  geom loc/ micdb environment
#no name type posn name other side
1, east OPAQ VERT insul_mtl_p EXTERIOR

2, prt_f OPAQ VERT gyp blk _ptn Unit_f
3, prt_f1 OPAQ VERT gyp _blk_ptn Unit_f
4, prt_g OPAQ VERT gyp_blk ptn Unit_g
5, prt_ gl OPAQ VERT gyp blk ptn Unit_g
6, ceil OPAQ CEIL susp ceil roof

7, floor OPAQ FLOR grnd floor GROUND
8,prt gc1 OPAQ VERT gyp blk ptn ceil fg
9, prt_bl OPAQ VERT gyp blk ptn Unit b
10, prt_gc OPAQ VERT gyp_blk ptn ceil_fg
11, prt_b OPAQ VERT gyp blk _ptn Unit_b
12,prt acl1  OPAQ VERT gyp _blk ptn cell fg
13, prt_al OPAQ VERT gyp_blk_ptn Unit_a
14, prt_ac OPAQ VERT gyp blk ptn ceil fg
15, prt_a OPAQ VERT gyp blk ptn Unit_a
16, door OPAQ VERT door EXTERIOR

# geometry of stair_deij defined in: ../zones/geo/stair_deij.geo
GEN d<air_dej #type zone name

24 16 0.000 # vertices, surfaces, rotation angle
# X co-ord, Y co-ord, Z co-ord

34.00000 9.50000 0.00000 #vert 1

34.00000 14.50000 0.00000 #vert 2

29.00000 14.50000 0.00000 #vert 3

29.00000 12.00000 0.00000 #vert 4
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29.00000
34.00000
34.00000
29.00000
29.00000
29.00000
34.00000
34.00000
34.00000
34.00000
29.00000
29.00000
29.00000
29.00000
29.00000
29.00000
34.00000
34.00000
34.00000
34.00000

9.50000
9.50000
14.50000
14.50000
12.00000
9.50000
9.50000
9.50000
14.50000
14.50000
14.50000
14.50000
12.00000
12.00000
9.50000
9.50000
10.50000
11.30000
11.30000
10.50000

0.00000 #vert 5

6.50000 # vert 6

6.50000 #vert 7
6.50000 # vert 8
6.50000 #vert 9
6.50000 # vert 10
2.70000 #vert 11
3.80000 # vert 12
2.70000 #vert 13
3.80000 # vert 14
2.70000 #vert 15
3.80000 # vert 16
2.70000 #vert 17
3.80000 # vert 18
2.70000 # vert 19
3.80000 # vert 20
0.00000 #vert 21
0.00000 # vert 22
2.10000 # vert 23
2.10000 #vert 24

# no of vertices followed by list of associated vert
12, 1,21, 24,23,22, 2,13, 14, 7, 6,12, 11,
3,15, 13,
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4,21, 22, 23, 24,
# number of default windows within each surface
0000O0O0OO0O0O0OOOOOOOOO
# surfaces indentation (m)
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000
3 0 0 0 #defaultinsolation distribution
# surface attributes follow:

#id surface  geom loc/ micdb environment
#no name type posn name other side

1, east OPAQ VERT insul_mtl_p EXTERIOR
2, prt i OPAQ VERT gyp_blk ptn Unit_hi

3, prt_il OPAQ VERT gyp_blk_ptn Unit_hi

4, prt_j OPAQ VERT gyp_blk _ptn Unit_j
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5, prt_j1
6, cell

7, floor

8, prt_cjl
9 prt el
10, prt_cj
11, prt_e
12, prt_cil
13, prt_d1
14, prt_ci
15, prt_d
16, door

OPAQ VERT gyp_blk ptn Unit_j

OPAQ CEIL susp cell roof

OPAQ FLOR grnd floor GROUND
OPAQ VERT gyp blk ptn cell_j
OPAQ VERT gyp blk ptn Unit_e
OPAQ VERT gyp_blk_ptn ceil_j
OPAQ VERT gyp_blk ptn Unit_e
OPAQ VERT gyp blk ptn ceil chi
OPAQ VERT gyp blk ptn Unit_cd
OPAQ VERT gyp_blk ptn ceil_chi
OPAQ VERT gyp blk ptn Unit_cd
OPAQ VERT door EXTERIOR

# geometry of toilets defined in: ../zones/geo/toilets.geo

GEN toilets

#1type zone name

16 14 0.000 # vertices, surfaces, rotation angle

# X co-ord,
12.00000
12.00000
16.00000
16.00000
12.00000
12.00000
16.00000
16.00000
12.00000
12.00000
12.00000
12.00000
16.00000
16.00000
16.00000
16.00000

Y co-ord, Z co-ord
48.00000 0.00000 # vert
36.00000 0.00000 # vert
36.00000 0.00000 # vert
48.00000 0.00000 # vert
48.00000 6.50000 # vert
36.00000 6.50000 # vert
36.00000 6.50000 # vert
48.00000 6.50000 # vert
48.00000 2.70000 # vert
48.00000 3.80000 # vert 10
36.00000 2.70000 #vert 11
36.00000 3.80000 # vert 12
36.00000 2.70000 # vert 13
36.00000 3.80000 #vert 14
48.00000 2.70000 # vert 15
48.00000 3.80000 # vert 16

O©ooO~NOO O, WN B

# no of vertices followed by list of associated vert
4, 1, 2,11, 9,
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# number of default windows within each surface
0O000O0O0O0O0O0OO0OO0OO0OOOO
# surfaces indentation (m)

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000

3 0 0 O #defaultinsolation distribution
# surface attributes follow:
#id surface geom loc/ mic db environment
#no name type posn name other side

1, prt_tcor OPAQ VERT gyp_blk ptn corid g
2, prt_th OPAQ VERT gyp blk_ptn Unit_hi
3, prt_tg OPAQ VERT gyp blk ptn Unit_g
4, prt_ft OPAQ VERT gyp_blk ptn Unit_f
5, celling OPAQ CEIL susp cell roof

6, floor OPAQ FLOR grnd floor GROUND
7, prt_tcorc OPAQ VERT gyp_blk ptn ceil_chi
8, prt_tcorl OPAQ VERT gyp_blk ptn corid 1
9 prt cth  OPAQ VERT gyp blk ptn ceil chi
10, prt_ctc  OPAQ VERT gyp_blk ptn Unit_cd
11, prt ctb  OPAQ VERT gyp_blk ptn ceil _fg
12, prt_tb OPAQ VERT gyp blk ptn Unit b
13, prt caa OPAQ VERT gyp _blk ptn cell fg
14, prt_ta OPAQ VERT gyp_blk ptn Unit_a

9.1.4 Construction files (.con)

# thermophysical properties of Unit_a defined in ../zones/Unit_a.con

#no of |air [surface(from geo)| multilayer construction

# layersigapg no. name | database name

2 # 1prt t gyp_blk_ptn

2 # 2prt_ab gyp_blk ptn

2 # 3dr 3 gyp_blk ptn

2#4dr 4 gyp_blk_ptn

0 # Seast insul_mtl_p

0 # 6north insul_mtl_p

0 # 7west insul_mtl_p

O # 8ceill_a  susp_cell

1 # 9floor susp_floor

0 # 10 door door

1 #11dglz e dbl_glz

1 #12glz n dbl_glz

1 #13glz w dol_glz

# air gap position & resistance for surface 1
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 2
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 4

WWWE Ul Www oo oo
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2, 0.170, 4, 0.170,

# air gap position & resistance for surface 9
3, 0.170,

# air gap position & resistance for surface 11
2, 0.170,

# air gap position & resistance for surface 12
2, 0.170,

# air gap position & resistance for surface 13
2, 0.170,

# conduc— | denzity | specific | thick— |dpndl
# tivity | | heat | neszzim}ltypel

0,1300, k0,0, 8400, 0,.0130, .
00,0000, 0,0, 0,0, 00500, .
05100, 1400,0, 1000,0,  0,1000, .
0, 0000, 0,0, 0,0, 00800, .
00,1300, 50,0, B40.0, 0,0130, .
00,1300, k0,0, 840.0, 0,0130, .
0, 0000, 0,0, 0,0, 00500, .
05100, 1400,0, 1000,0,  0,1000, .
0, 0000, 0,0, 0,0, 00500, .
0,1300, 50,0, 840.0, 0,0130, .
0,1300, a0, 0, 240.0, 0,0130, .
0, 0000, 0,0, 0,0, 005800, .
0,5100, 14000, 1000,0,  0,1000, .
0, 0000, 0,0, 0,0, 00500, .
00,1300, 340,10, B40.0, 0,0130, .
00,1300, 50,0, 240,0, 0,0130, .
0, 0000, 0,0, 0,0, 00500, .
0,5100, 14000, 1000,0,  0,1000, .
0, 0000, 0,0, 0,0, 00500, .
00,1300, 3h0,0, 240.0, 0,0130, .
210, 0000, 27000, BE0.0,  0,0040, .

00,0400, 12,0, 840.0, 0,.0300,
2100, 0000, 27000, BE0.0,  0,0040,
10,0000, 700,00, 820,0, 0,0040,

00,0400, 12,0, 840.0,  0,.0300,
20,0000, 27000, 8a0.0,  0.0040,
2100, 0000, 27000, 820.0, 0,0040,

00,0400, 12,0, 240.0,  0,0800,
2100, 0000, 27000, BE0.0,  0,0040,

0, 4200, 12000, 8370, 0.0130,

0, 0600, 186.0, 1360,0,  0,0060,

0, 1500, 200,10, 2033,0,  0,0190,

0, 0000, 0,0, 0,0, 00500,

1,4000, 21000, B53.0, 0,1400,

50, 0000, 00,0, 502,0,  0,0040,

00,1300, 0,0, 2230,0,  0,0250,

0, 7600, 27100, B37.0,  0,0060,

0, 0000, 0,0, 0,0, 00120,

0, 7600, 27100, 8370,  0,.00860,

0, 7600, 2r10.0, 837.0,  0,0060,

0, 0000, 0,0, 0.0, 0,010,

07600, 27100, 8370, 00060,

0, 7e00, 2710,0, 8370,  0.0080,

0.0
0
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00,0000, 0.0, - 0,0120,
0, 7600, 2710,0, 837.0, 0,0080,

B

S AT T T T A T T T D D T A T T T A A T D T e T A D D e T AT T D D D A D D D e T D D D T T T
-

&

ref, |
temp |
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,

temp, Imoisturel surfllyr

factor |
(1, D00,
(1, QOG0 ,
£y D000,
£, D000,
(1, D0,
(1, 0000,
(y, OG0,
(1, Q0G0
(1, D00,
(1, QOG0 ,
£y D000,
£, D000,
(1, D0,
(1, 0000,
(y, OG0,
(1, Q0G0
(1, D00,
(1, QOG0 ,
£y D000,
£, D000,
(1, D0,
(1, 0000,
(y, OG0,
(1, Q0G0
(1, D00,
(1, QOG0 ,
£y D000,
£, D000,
(1, D0,
(1, 0000,
(y, OG0,
(1, Q0G0
(1, D00,
(1, QOG0 ,
£y D000,
£, D000,
(1, D0,
(1, 0000,
(y, QEC0
(1, QECACe
(1, Q0G0
01, DEC0
Cr, D00,
£, Q000 ,
0 00000,

factor |
£, Qe
£, OO0
£, ey
£, Q00
£, OO0
£, OO0
£, QO
£, 0y
£, Qe
£, OO0
£, ey
£, Q00
£, OO0
£, OO0
£, QO
£, 0y
£, Qe
£, OO0
£, ey
£, Q00
£, OO0
£, OO0
£, QO
£, 0y
£, Qe
£, OO0
£, ey
£, Q00
£, OO0
£, OO0
£, QO
£, 0y
£, Qe
£, OO0
£, ey
£, Q00
£, OO0
£, OO0
£, QO
[, iy
£, 0000
£, OG0
(3 Oy
£, 00
0, QOG0

ok 4k dF A 3k dF 3 3F b b 4 A db dF dE 3F b b 2 dF db dF dF 3F b dE 2 dF 4 3 4 3F 3 4 2 dF 4 3 4 3 3 3 A

11

(Aalaal

10
11

12

13

L e B et AU Y e ) e I Y el e I R B el Y e T et A I e Y e I i Y el I N I e Y e IO R e e B SRR I e i) B SRR

# for each surface: inside face emissivity

0.910.910.91 0.91 0.820.82 0.82 0.91 0.12 0.90 0.83 0.83 0.83

# for each surface: outside face emissivity

0.910.910.91 0.91 0.82 0.82 0.82 0.91 0.90 0.90 0.83 0.83 0.83
# for each surface: inside face solar absorptivity
0.22 0.22 0.22 0.22 0.32 0.32 0.32 0.50 0.20 0.65 0.05 0.05 0.05
# for each surface: outside face solar absorptivity
0.22 0.22 0.22 0.22 0.72 0.72 0.72 0.50 0.60 0.65 0.05 0.05 0.05
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# inside and exterior glazing maintenance factors
1.00 1.00

# thermophysical properties of Unit_b defined in ../zones/Unit_b.con

# no of |air [surface(from geo)| multilayer construction

# layersigaps| no. name | database name

2 # 1prt b-c gyp blk ptn

0 # 2east insul_mtl_p

2 # 3sr 4 gyp_blk_ptn

2#4dr5 gyp_blk_ptn

2 # 5prt_ ab gyp blk ptn

2 #6prttb gyp bk ptn

O# 7cel b susp ceil

1 # 8floor susp_floor

1#99glze dol_glz

# air gap position & resistance for surface 1
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 5
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 6
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 8
3, 0.170,

# air gap position & resistance for surface 9
2, 0.170,

WOl 01010101 WOt



# conduc— | density | specific | thick- ldpndl ref, | temp, [moisturel surfllyr
# tivity | | heat | neszim?ltypel temp | factor | factor |

00,1300, 3a0,0, a40.,0,  0.0130, 0, 0,00, Q00000 000000 # 1 1
£, 000, 0,0, 0,0, 00800, 0, 0,00, 0,00000, 000000 # 2
00,5100, 14000, 10000, 01000, 0, 0,00, 000000, 000000 z
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 0,00000; 0,00000 # 4
00,1300, 3h0,0, ado,0,  0.0130, 0. 000, 000000, 000000 # 5
210, 0000, 2700,0, BE0.0, 00040, 0, 000, 000000, 000000 & 2 1
0., 0400, 12,0, 240.0, 0,0800, 0, 0,00, 000000, 0,00000 # 2
210, 0000, 2700,0, ge0,n, 00040, 0. 0,00, 000000, 000000 # 2
00,1300, 3a0,0, a40,0,  0.0130, 0, 0,00, 000000, 000000 # 3 1
£, 000, 0,0, 0,0, 00800, 0, 0,00, 0,00000, 000000 # 2
00,5100, 14000, 10000, 01000, 0, 0,00, 000000, 000000 z
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 0,00000; 0,00000 # 4
00,1300, 3h0,0, ado,0,  0.0130, 0, 000, 000000, 000000 # 5
00,1300, 40,0, 840.0, 00130, 0, 000, 000000, 000000 & 4 1
00,0000, 0.0, 0,0, 00600, 0, 0,00, 000000, 0,00000 # 2
00,5100, 1400,0, 1000, 01000, 0, 0,00, 000000, 000000 2
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 # 4
00,1300, gh0,0, ada,n,  0,0130, 0. 0,00, 000000, 000000 # 5
00,1300, gh0,0, ado.0, 00130, 0, 000, 000000, 000000 # 5 1
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 0,00000; 0,00000 # 2
00,5100, 1400,0, 00,0, 01000, 0, 0,00, 000000, 000000 3
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 0,00000, 000000 # 4
0.1500, 350,10, 840,00, 0,0130, 0, 0,00, 000000, 0,00000 # 5
00,1300, 3h0,0, ado,n, 00130, 0. 0,00, 000000, 000000 # B 1
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 # 2
00,5100, 1400,0, 1000,0, 01000, 0, 0,00, 000000, 000000 2
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 0,00000, 000000 # 4
(,1300, 3a0,0, a40,0, 0.0130, 0, 0,00, 000000, 000000  # 5
00,4200, 12000, 837.0, 00130, 0, 000, 000000, 000000 # 7 1
00,0600, 186,0, 1360.0, 00060, 0, 0,00, 000000, 000000 # 8 1
0,.1500, 200,10, 2033.0, 0.0130. 0, 0,00, 000000, 0,00000 & 2

0, 0o, 0.0, 0.0, 0,0500,
1., 4000, 2100,0, B53.0, 00,1400,
S0, 0000, 800,00, S02,0,  0,.0040,

0, 0,00, 0,00000, 0, 00000
0
0
07600, 27100, 837.0, 00080, 0
0
]

Lo 000, Qo000 000000
- 0.00000 0, 00000
» DL00000, 000000
Lo 000, Qo000 O, 00000
L 000, 000000, O,00000

m
o )
o+
= =
e

00,0000, 0,0, 0.0, 0,0120,
0, 7600, 2710,0, 837.0, 00,0080,

£
(¥
LA e B ey R

# for each surface: inside face emissivity
0.910.820.910.910.910.910.910.120.83

# for each surface: outside face emissivity
0.910.820.910.910.910.910.910.900.83

# for each surface: inside face solar absorptivity
0.22 0.320.22 0.22 0.22 0.22 0.50 0.20 0.05

# for each surface: outside face solar absorptivity
0.22 0.72 0.22 0.22 0.22 0.22 0.50 0.60 0.05

# inside and exterior glazing maintenance factors

1.00 1.00

# thermophysical properties of Unit_cd defined in ../zones/Unit_cd.con
#no of |air [surface(from geo)| multilayer construction
# layerslgaps] no. name | database name
1, O # 1pasg mass_part
5 2#2prt.de gyp blk ptn
5, 2#3dr 2 gyp_blk_ptn
5
3

, 2#4dr 3 gyp_blk ptn
, O # 5east insul_mtl_p



2 # 6prt bc gyp blk ptn

2 # 7prt tc  gyp blk ptn

0 # 8call susp_ceil

1 # 9floor susp_floor

1 # 10 door dbl glz

1 #11w glaz dbl_glz

0 #12inner_pl mass part

0 #13inner_p2 mass part

# alr gap position & resistance for surface 2
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 6
2, 0.170,4, 0.170,

# air gap position & resistance for surface 7
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 9
3, 0.170,

# air gap position & resistance for surface 10
2, 0.170,

# air gap position & resistance for surface 11
2, 0.170,

PR WwolE oo
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# conduc— | density | specific | thick- |dpndl
# tivity | | heat | neszimd|typel
02,5100, 1400,0, 10000, 0.2400, 0,
1900, 50,0, 40,0, 00130, 0,
(1, (0, 0.0, 0.0, 00800, 0,
0,5100, 1400,0, 10000, 0,1000, 0,
(2, (0, 0.0, 0,0, 00600, 0,
(1, 1900, 50,0, g40.0, 0.0130, 0,
(,1900, 50,0, 40,0, 00130, 0.
(1, (o, 0,0, 0.0, 00600, 0,
(2, 5100, 1400,0, 10000, 01000, 0,
(2, (ot . 0,0, 0,0, 00,0600, 0,
0,190, ah0,0, 840,00, 0,0120, 0,
0,1900, 50,0, 840,00, 00130, 0,
(2, (0, 0.0, 00, 00600, 0,
(2, 5100, 14000, 10000, 01000, 0,
(2, 0000, 0,0, O R DA 1 R ¢
(1, 1900, 50,0, 840,00, 00120, 0,
210, 0000, 27000, ga0,0, 00040, 0,
0, 00t 12,0, 40,0, 0,0800, 0O,
210, 0000, 2700,0, 30,0, 0.0040, 0,
0,1900, 50,0, 840,00, 00130, 0,
(2, (0, 0.0, 00, 00600, 0,
(2, 5100, 14000, 10000, 01000, 0,
(2, 0000, 0,0, O R DA 1 R ¢
(1, 1900, 50,0, 840,00, 00120, 0,
(,1900, 50,0, 840,00, 0,.0130, 0,
(1, (ot 0,0, 0,0, 00,0600, 0,
0, 5100, 1400,0, 10000, 01000, 0,
0, 0000, 0.0, 0.0, 00600, 0,
(2,190, qh0,0, 840.0, 00130, 0,
0, 4200, 12000, g37.0,. 00130, 0,
(2, 0600, 186,0, 1360,0, 00080, 0,
(1, 1500, 2000, 20930, 0.0180, 0,
(2, (0, 0.0, 0,0, 00800, 0,
1, 4000, 2100,0, B52,0, 01400, 0O,
q, 0000, Tann,0, G20, 00040, 0,
0, FEOD, 2710.0, 8370, 00060, 0,
(2, (0, 0.0, 00, 00120, 0,
(1, 7RO, 27100, 8370, 00060, 0,
0, 7EOD . 27100, 837.0, 00080, 0,
(2, (0 0.0, 0,0, 00120, 0,
0, 7EO0, 27100, 837,00, 00080, 0,
(1, 5100, 1400,0, 10000, 0.2400, 0,
0, 5100, 14000, 10000, 0.2400, 0,

ref, |
tenp |
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,

temp, Imoizturel surf|lyr

factor |
0, Q000
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
(1, Q000 ,
(1, QEICICE)
(1, Qoo
(1, Q000 ,
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
(1, Q000 ,
(1, QEICICE)
(1, Qoo
(1, Q000 ,
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
(1, Q000 ,
(1, QEICICE)
(1, Qoo
(1, Q000 ,
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
(1, Q000 ,
(1, QEICICE)
(1, Qoo
(1, Q000 ,
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
(1, Q000 ,

), Q000 ,
0, 0000,

0, 00060,
0, 00000,
0, 00000,

factar |
(1, Q000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000
£y, Qe
(3, Q00
£, Q0000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000
£y, Qe
(3, Q00
£, Q0000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000
£y, Qe
(3, Q00
£, Q0000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000
£y, Qe
(3, Q00
£, Q0000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000

00, QO
0, 00000

0, 00000
0, (000
0, Q0000
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# for each surface: inside face emissivity

0.900.910.910.910.820.91 0.91 0.91 0.12 0.83 0.83 0.90 0.90

# for each surface: outside face emissivity

0.900.910.91 0.910.820.91 0.91 0.91 0.90 0.83 0.83 0.90 0.90
# for each surface: inside face solar absorptivity
0.250.22 0.22 0.22 0.32 0.22 0.22 0.50 0.20 0.05 0.05 0.25 0.25
# for each surface: outside face solar absorptivity
0.250.22 0.22 0.22 0.72 0.22 0.22 0.50 0.60 0.05 0.05 0.25 0.25
# inside and exterior glazing maintenance factors

10 100
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# thermophysical properties of Unit_e defined in ../zones/Unit_e.con
# no of |air |surface(from geo)| multilayer construction

# layerslgaps| no. name | database name
3, 0 # lsouth insul_mtl_p

0 # 2east insul_mtl_p

2 # 3dr_3 gyp_blk_ptn

2 # 4dr 4 gyp_blk_ptn

2 # 5prt_ d-e gyp blk ptn

0 # 6 door door

0 # 7west insul_mtl_p

O # 8cell e susp ceall

1 # 9floor susp_floor

1 #109lz e dol_glz

1 #11lglz s dol_glz

1#12¢glz w dbl glz

# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 4
2, 0.170,4, 0.170,

# air gap position & resistance for surface 5
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 9
3, 0.170,

# air gap position & resistance for surface 10
2, 0.170,

# air gap position & resistance for surface 11
2, 0.170,

# alr gap position & resistance for surface 12
2, 0.170,

WWWOolRrWwRERLrOo1olw

# conduc— | denszity | specific | thick- ldpndl ref, | temp, lmoisture! surfllyr
# tivity | | heat | neszim?iltypel temp | factor | factor |

210, 000, 27000, 20,0, 00040, 0, 000, 000000, 000000 # 1 1
00400, 12,0, 40,0, 00200, 0. 000, 000000, 000000  # 2
210, 00001, 2700,0, 880,0, 00040, 0. 000, 000000, Q00000  # 3
210, 0000, 20,0, BE0L0, 00040, 0. 000, Q00000 000000 # 201
0,0400, 12,0, 40,0, 00800, 0. 000, 000000, 000000  # 2
210, 0000, 2700,0, 880.0, 00040, 0. 000, 000000, Q00000  # 3
0,1300, 950,10, 40,0, 00130, 0, 000, Q00000 Q00000 # F 1
0, 0000, 0,0, o0, 0L0s00, 0, 000, Q00000 Q00000 # i
05100, 1400, 0, L0000, 1000, 0, 000, Q00000 Q00000  # 3
0,0000, 0,0, 0.0, 00500, 0, 000, Q00000 Q00000 # 4
0,1300, 50,0, 40,0, 00130, 0. 000, 000000, Q00000  # L3
00,1900, 950,10, Bd0L0, 0,0130, 0, 000, Q00000 000000 # 4 1
0,0000, 0,0, 0.0, 00500, 0, 000, Q00000 Q00000 # 2
0,5100, 1400,0, 10000, 01000, 0, 0,00, 000000, 0,00000 % 3
0,0000, 0,0, 0.0, 00500, 0, 000, 00000, 000000 # 4
0,1300, 50,0, 40,0, 00130, 0, 000, 000000, 0L00000  # b
0, 1900, 950,10, 40,0, 001320, 0, 000, 000000, 000000 & 51
0,0000, 0,0, 0.0, 00500, 0, 000, Q00000 Q00000 # 2
0,500, 1400,0, 1000,0, 01000, 0, 0,00, 0,00000, 000000 % 3
00, 0000, 0,0, 0.0, 00500, 0. 000, Q00000 O, 00000  # 4
0,1300, 50,0, 40,0, 00120, 0, 000, 000000, 000000  # L
10,1300, 00,0, 2390.0, 00250, 0. 000, Q00000 Q00000 # 6 1
210, 0000, 2700,0, BE0L0, 00040, 0, 000, Q00000 Q00000 # 71
0, 0400, 12,0, 40,0, 00800, 0, 000, 000000, 0L00000  # i
210, oo, 27000, 20,0, 00040, 0, 000, O.00000, O,00000 # 3
0, 4200, 12000, BEF.0. 00130, . 000, 000000, 000000 # 8 1




00,0600, 186,10, 1360,0, 00080, 0,
0, 1500, a00,0, a09z,0.  0.0180, 0,
0, 0000, 0,0, 0,0, 00500, 0,
14000, 100,10, Ehz,0, 0,1400, 0,
50, 0000, Fa00,0, 502,0, 0,0040, 0,
0, 7600, 27100, B37.0, 0,0060; 0,
0, 0000, 0,0, 0.0, 0,020, 0,
0, 7600, 2710,0, 87,0, 0,0060, 0,
07600, 2710.,0, 837.0, 0.00B0, 0,
0, 0000, 0,0, 0.0, 0,012, 0,
0, 7600, 27100, 8a37,0, 0,0080, 0,
0, 7600, 2710,0, 237,0, 0,0060, 0,
0, 0000, 0,0, 0.0, 00120, 0,
0, 7E00, 2710,0 8370, 0.0060, 0,

[ R R e o B R s e o

L0
L0
L0
L0
L0
L0
L0
L0
L0
L0
L0
L0
L0
00

000000,
00000,
00000,
00000,
- DL00000,
» L0000,
DL 00000,
- DL00000,
000000,
00000,
00000,
00000,
- DL00000,
» 00000,
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L0000
L0000
L0000
L0000
L0000
L0000
L0000
00000
L0000
L0000
L0000
L0000
L0000
L0000
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# for each surface: in’sideface issivity

0.820.820.91 0.91 0.91 0.90 0.82 0.91 0.12 0.83 0.83 0.83

# for each surface: outside face emissivity

0.820.820.91 0.91 0.91 0.90 0.82 0.91 0.90 0.83 0.83 0.83
# for each surface: inside face solar absorptivity
0.320.320.22 0.22 0.22 0.65 0.32 0.50 0.20 0.05 0.05 0.05

# for each surface: outside face solar absorptivity

0.720.72 0.22 0.22 0.22 0.65 0.72 0.50 0.60 0.05 0.05 0.05

# inside and exterior glazing maintenance factors

1.0 100

# thermophysical properties of Unit_f defined in ../zones/Unit_f.con
# no of |air [surface(from geo)| multilayer construction

# layersigaps| no. name | database name
5 2# 1lprt -t gyp blk ptn
5 2 # 2prt g gyp blk ptn
5, 2#3sr 3 gyp_blk_ptn
5 2#4dr 4 gyp_blk ptn
3, O0#5east insul_mtl_p
3, 0 # 6north insul_mtl_p
3, 0 # 7west insul_mtl_p
1, O #8cal f susp cal
6, 1 # 9floor grnd_floor
1, O #10door door
3, 1l#llglze dol_glz
3, 1#12dglz n dol glz
3, 1#13dglzw dbl_glz

# air gap position & resistance for surface 1
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 2
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 3
2, 0.170,4, 0.170,

# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 9
4, 0.170,

# air gap position & resistance for surface 11




2, 0.170,
# air gap position & resistance for surface 12

2, 0.170,
# air gap position & resistance for surface 13
2, 0.170,
t conduc— | density | specific | thick- Idpndl ref. | temp. Imoisturel surfllur

tivity | | heat | neszim!ltypel temp | factor | factor | |
00,1900, 950, 0, 240,0, 00130, o D00, 000000, 000000 11
0, 0000, 0,0, 0,0, 0,0500, S D00, 000000, 0,00000
Q,o100, 14000, 10000,  0,1000, S D00, 000000, 000000
0, 0000, 0.0, 0,0, 0,0500, S D00, 000000, 000000
0,1900, q50,0, 840,0,  0,0130, L D00, 000000, 000000
0,1900, 9500, 40,0, 00130, P R R R 2
0, 0000, 0,0, 0,0, 0,0500, S D00, 000000, 000000
0,5100, 140010, 1000,0, 00,1000, L D00, 000000, 0,00000
00000, 0,0, 0,0, 0,0500, S D00, 000000, 000000
(,1900, q50,0, 40,0, 00130, S D00, 000000, 0,00000
0,1900, 350,00, g840,0, 0,0130, S D00, 000000, 000000 3
0, 0000, 0.0, 0,0, 0,0500, S D00, 000000, 000000
05100, 14000, 10000, 00,1000, L D00, 000000, 000000
0, 0000, 0.0, QL0 00500, P R R R
0,1900, q50,0, g40,0, 00130, S D00, 000000, 000000
00,1900, 350,0, g840,0, 0,0130, L D00, 000000, 0,00000 4
00000, 0,0, 0,0, 0,0500, S D00, 000000, 000000
0,5100, 14000, 000,00, 01000, S D00, 000000, 0,00000
0, 0000, 0,0, 0,0, 00500, S D00, 000000, 000000
00,1900, 90,0, 240,0, 0,0130, 0,00, 0,00000, 000000

210,0000, 2700,0, ga0,0, 0,0040, 0,00, 0,00000, 000000 5

“

0.0400, 12,0, 240,0, 0,0300,
2100, 0000, 27000, 80,0,  0,0040,
210, 0000, 27000, 80,0,  0.0040,

00,0400, 12,0, 840.0, 0,0800,
210, 0000, 27000, 280.0, 0,0040,
2100, 0000, 27000, BE0.0,  0,.0040,

0,0400, 12,0, 840.0,  0,0800,
2100000, 27000, Ba0.0,  0,.0040,

04200, 1200.0, 837.0, 0,0130,

1,2800, 1460,0, a79.0,  0,2500,

0,5200, 2050,0, 1840, 0,1500,

1,4000, 21000, ERZ.0,  0,1500,

0, 0000, 0.0, 0,0,  0,0500,

0,1500, 8000, 2093,0,  0,0130,

00600, 186.0, 1360,0,  0,0060,

0,1300, 00,0, 2330,0,  0,0250,

0, 7E00, 2r10.0, 83V.0,  0,0060,

00,0000, 0.0, 0,0, 00120,

0, 7600, 2710.0, 8370, 0.0080,

00,7600, 2710.0, 83V.0,  0,0080,

00000, 0.0, 0,0, 00120,

0, 7600, 2710,0, 8370, 00060,

Q00 000000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, - 0,00000
0,00, 000000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, 0,00000
Q00 000000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, - 0,00000
0,00, 000000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, 0,00000
Q00 000000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, 000000
0,00, Q00000 0, 00000
0,00, 0,00000, 000000
0,00, 000000, 0,00000
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# for each surface: inside face emissivity

0.910.910.91 0.91 0.820.82 0.82 0.91 0.90 0.90 0.830.83 0.83
# for each surface: outside face emissivity

0.91 0.910.91 0.91 0.82 0.820.82 0.91 0.90 0.90 0.83 0.83 0.83
# for each surface: inside face solar absorptivity

0.22 0.22 0.22 0.22 0.32 0.32 0.32 0.50 0.60 0.65 0.05 0.05 0.05
# for each surface: outside face solar absorptivity

0.22 0.22 0.22 0.22 0.72 0.72 0.72 0.50 0.85 0.65 0.05 0.05 0.05
# inside and exterior glazing maintenance factors

1.00 1.00



# thermophysical properties of Unit_g defined in ../zones/Unit_g.con
#no of |air [surface(from geo)| multilayer construction

# layerslgaps| no. name | database name
5 2 # 1lprt._.gh gyp blk ptn
3, O# 2east insul_mtl_p
5, 2#3dr 4 gyp_blk_ptn
5 2#4sr5 gyp_blk_ptn
5 2 #5prt g gyp blk ptn
5 2#6prtt gyp_blk_ptn
1, O # 7cal susp_cell
6, 1 # 8floor grnd_floor
3, 1#9glze dbl_glz

# air gap position & resistance for surface 1
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 5
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 6
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 8

4, 0.170,
# air gap position & resistance for surface 9
2, 0.170,
# conduc— | denzity | specific | thick- ldpndl ref, | temp, Imoizturel surfllyd
# tivity | | heat | neszim!ltypel temp | factor | factor |
0,1900, 50,0, 40,0, 00120, 0, 000, 000000, 000000 # 1 1
0, 0000, 0.0, 0,0, 0,0500, 0, 0,00, 000000, (0,00000 # 2
05100, 1400,0, 10000, 01000, 0,  0.00, 000000, 000000 # 5
0, 0000, 0,0, 0,0, 0,0500, 0, 0,00, 000000, 000000 4# 4
0,1300, 50,0, 840,0, 00130, 0, 0,00, 000000, 000000 # 5
2100000, 27000, 8a0L0, 00040, O, Q.00 Q00000 00000 # 21
00400, 12,0, g40,0, 00800, 0, 0,00, 000000, 000000 # 2
210, 0000, 20,0, 830,00, 0.0040, 0, 0,00, 000000, 0,00000 # 3
00,1900, 50,0, 40,0, 00120, 0, 000, 000000, 000000 # T 1
0, 0000, 0.0, 0,0, 0,0500, 0, 0,00, 000000, (0,00000 # 2
05100, 1400,0, 10000, 01000, 0,  0.00, 000000, 000000 # 5
0, 0000, 0,0, 0,0, 0,0500, 0, 0,00, 000000, 000000 4# 4
0,1300, 50,0, 840,0, 00130, 0, 0,00, 000000, 000000 # 5
00,1900, 50,0, B40,0, 00120, 0, .00, Q00000 QLo0000 # 4 1
00000, 0.0, 0,0, 00800, 0, 0,00, 000000, 0,00000 4 2
05100, 1400,0, 10000, 01000, 0, 0,00, 000000, 000000 # 3
0, 0000, 0,0, 0,0, 0,0500, 0, 0,00, 000000, 0,00000 # 4
0,1300, an0, 0, g40,0, 0,0120, 0, 0,00, 000000, 000000 # 5
0,1300, 50,10, 840,0, 00130, 0, 0,00, 0,00000, 000000 # 5 1
0, 0000, 0,0, 0,0, 0,0500, 0, 0,00, 000000, 0,00000 4# 2
05100, 1400,0, 10000, 01000, 0, 0,00, 0,00000, 000000 # 3
0, Q000 0.0, 0.0, 00500, 0, 0,00, 000000, 000000 # 4
0,19300, 950,10, g40,0, 00120, 0, 0,00, 000000, 000000 # 5
0,1300, q50,10, 840.0, 00130, 0, 0,00, 0,00000, 000000 # B 1
0, 0000, 0,0, 0,0, 0,0500, 0, 0,00, 000000, 0,00000 # 2
0,.e100, 1400,0, 1000,0, 01000, 0, 0,00, 0,00000, 000000 # 3
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 # 4
0,1900, 50,0, g40,0, 00120, 0, 0,00, 000000, 000000 # 5
0,4200, 1200,0, 37,0, 00130, 0, 0,00, 0,00000, 000000 # ¥ 1
1.2800, 14600, a8ra,0, 02500, 0, Q.00 00000, 0 o0000 # 8 1
05200, 2060,0, 184,0, 0,100, 0, 0,00, 000000, 000000 # 2
1,4000, 2100,0, B30, 00,1500, 0, 0,00, 000000, 0,00000 # 3




00,0000, 0.0 0.0, 00500, 0, 000, 0.00000. 000000 #
0,1500, 8000, 2093,0,  0,0130, 0, 0,00, 0.00000, 000000 &
0, 0600, 186.0, 1360,0, 00050, 0, 0,00, 000000, 000000 #
0,7600, 2710,0 837.0, 00060, 0. 000, 000000, 000000 &
00000, 0.0 0.0, 00120, 0, 000, 000000, 000000 #
0, 7600, 2710,0 837,0, Q0060 0, 000, 000000, 0,00000 4#

L e e Ry I

# for each surface: inside face emissivity
0.910.820.910.910.910.910.910.900.83

# for each surface: outside face emissivity
0.910.820.910.910.910.910.910.900.83

# for each surface: inside face solar absorptivity
0.22 0.32 0.22 0.22 0.22 0.22 0.50 0.60 0.05

# for each surface: outside face solar absorptivity
0.22 0.720.22 0.22 0.22 0.22 0.50 0.85 0.05

#inside and exterior glazing maintenance factors
1.00 1.00

# thermophysical properties of Unit_hi defined in ../zones/Unit_hi.con

#no of |air |[surface(from geo)| multilayer construction

# layerslgaps| no. name | database name

0 # 1 pasg mass_part

2 # 2prt_ij gyp_blk ptn

2 # 3dr 2 gyp_blk_ptn

2 #4d9r 3 gyp_blk_ptn

0 # S5eadt insul_mtl_p

2 # 6prt gh  gyp blk ptn

2 # 7prt_th gyp blk ptn

0 # 8call susp_ceil

1 # 9floor grnd_floor

1 # 10 door dbl glz

1 #11w glaz dbl_glz

0 #12inner_pl mass part

0 #13inner_p2 mass part

# air gap position & resistance for surface 2
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 3
2, 0.170,4, 0.170,

# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 6
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 7
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 9
4, 0.170,

# air gap position & resistance for surface 10
2, 0.170,

# air gap position & resistance for surface 11
2, 0.170,

PPRPWOWORFRLROOTIWOIOTI O
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# conduc— | density | specific | thick- |dpndl
# tivity | | heat | neszimd|typel
02,5100, 1400,0, 10000, 0.2400, 0,
1900, 50,0, 40,0, 00130, 0,
(1, (0, 0.0, 0.0, 00800, 0,
0,5100, 1400,0, 10000, 0,1000, 0,
(2, (0, 0.0, 0,0, 00600, 0,
(1, 1900, 50,0, g40.0, 0.0130, 0,
(,1900, 50,0, 40,0, 00130, 0.
(1, (o, 0,0, 0.0, 00600, 0,
(2, 5100, 1400,0, 10000, 01000, 0,
(2, (ot . 0,0, 0,0, 00,0600, 0,
0,190, ah0,0, 840,00, 0,0120, 0,
0,1900, 50,0, 840,00, 00130, 0,
(2, (0, 0.0, 00, 00600, 0,
(2, 5100, 14000, 10000, 01000, 0,
(2, 0000, 0,0, O R DA 1 R ¢
(1, 1900, 50,0, 840,00, 00120, 0,
210, 0000, 27000, ga0,0, 00040, 0,
0, 00t 12,0, 40,0, 0,0800, 0O,
210, 0000, 2700,0, 30,0, 0.0040, 0,
0,1900, 50,0, 840,00, 00130, 0,
(2, (0, 0.0, 00, 00600, 0,
(2, 5100, 14000, 10000, 01000, 0,
(2, 0000, 0,0, O R DA 1 R ¢
(1, 1900, 50,0, 840,00, 00120, 0,
(,1900, 50,0, 840,00, 0,.0130, 0,
(1, (ot 0,0, 0,0, 00,0600, 0,
0, 5100, 1400,0, 10000, 01000, 0,
0, 0000, 0.0, 0.0, 00600, 0,
(2,190, qh0,0, 840.0, 00130, 0,
0, 4200, 12000, 8370, 00130, 0,
1,2800, 1460,0, ara.0, 02500, 0.
(1, 5200, 2080,0, 184, 0, 01500, 0,
1, 4000, 21000, 653.0, 0,1500, 0,
(, (ot . 0,0, 0,0, 00,0600, 0,
0, 1500, 2000, 2092.0, 0.0180, 0,
0, 0600, 186,0, 1360.0, Q0060 0.
0, 7R00, 2r1n,n, gi3v.n, 00060, 0,
(2, (0, 0,0, 00, 00120, 0,
(L 7RO, 2ri0.0. 37,0, Q.0080, 0,
(1, 7RG, 27,0, 837.0, 0,00B0, 0,
02,0000, 0.0, 0,0, 00120, 0,
0, 7R00, 2,0, B37.0, 0,00E0D, 0,
(,5100, 1400,0, 10000, 02400, 0,
(,5100, 1400,0, 1000,0, 09,2400, 0,

ref, |
tenp |
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,

factor |
0, Q000
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
(1, Q000 ,
(1, QEICICE)
(1, Qoo
(1, Q000 ,
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
(1, Q000 ,
(1, QEICICE)
(1, Qoo
(1, Q000 ,
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
(1, Q000 ,
(1, QEICICE)
(1, Qoo
(1, Q000 ,
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
(1, Q000 ,
(1, QEICICE)
(1, Qoo
(1, Q000 ,
01, QG ,
(1, Qo0 ,
0, 00000,
(1, Qoo ,
0,00, 0, 00000,
QL0 (L Qe
Q00,0 DO000,
QL 00, 0, 00000,
QL0000 00000,
0,00, 0, 00000,
Q00,0 00000,

factar |
(1, Q000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000
£y, Qe
(3, Q00
£, Q0000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000
£y, Qe
(3, Q00
£, Q0000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000
£y, Qe
(3, Q00
£, Q0000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000
£y, Qe
(3, Q00
£, Q0000
(3, QG0
(1, Q000
£, Q0000
01, Q000
(3, Q0000
£y QR0
£, Q06

0, Q000

(1, Q060

0, 000

0, O]

* O HFHH

B

H o H H W HHH N HHEHHEHHHEHHHHHHEHEHFHHHEHHEHHHEHEHEHFH

LA | ]

1
2

[dufanl

b el T

temp, Imoizturel surf|lyr

L I e B el iy B RN I ) e e I Y i T ey O R Y i T e O PR e N I ) ey R o Y el )

# for each surface: inside face emissivity

0.900.910.91 0.91 0.820.91 0.91 0.91 0.90 0.83 0.83 0.90 0.90

# for each surface: outside face emissivity

0.900.910.91 0.91 0.820.91 0.91 0.91 0.90 0.83 0.83 0.90 0.90
# for each surface: inside face solar absorptivity
0.250.22 0.22 0.22 0.32 0.22 0.22 0.50 0.60 0.05 0.05 0.25 0.25
# for each surface: outside face solar absorptivity
0.250.22 0.22 0.22 0.72 0.22 0.22 0.50 0.85 0.05 0.05 0.25 0.25
# inside and exterior glazing maintenance factors

1.00 1.00
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# thermophysical properties of Unit_j defined in ../zones/Unit_j.con

#no of |air [surface(from geo)| multilayer construction

# layerslgaps| no. name | database name

3, 0 # lsouth insul_mtl_p

0 # 2east insul_mtl_p

2 #3sr_3 gyp_blk_ptn

2 # 4dr 4 gyp_blk_ptn

2 #5prt i-) gyp_blk _ptn

0 # 6 door door

0 # 7west insul_mtl_p

0 # 8cell _j susp _cell

1 # 9floor grnd_floor

1 #10dlz e dbl_glz

1 #11dlz s dol_glz

1 #12¢glz w dol glz

# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 4
2, 0.170,4, 0.170,

# air gap position & resistance for surface 5
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 9

WwWwworwpPkru ool w

4, 0.170,
# air gap position & resistance for surface 10

2, 0.170,
# air gap position & resistance for surface 11

2, 0.170,
# air gap position & resistance for surface 12

2, 0.170,
# conduc—- | denzity | specific | thick- Idpndl ref. | temp. Imoisturel surf |1y
# tivity | | heat | neszim?ltypel temp | factor | factor |

2900, D5, 2700, 0, a0, 0, 0, 0040, P R S T T OO AW 11
0, 0400, 12,0, 40,0,  0,0800, Lo D00, 000000, 0, Q0000

210, 0000, 27000, Ba0.0,  0,0040,
2100, 0000, 27000, 830.0, 0.0040,
00,0400, 12,0, B40.0,  0,0800,
10,0000, 270,00, 820,0, 0,0040,
0,1300, k0,0, 8400, 0,.0130,

000, 0,00000, 0,00000
0,00, 0,00000, 0,00000
0,00, 0,00000, 0, 00000
Q00 QL 00000, 0, 00000
0,00, 0,00000, 0,00000

-

e

b

~

b

0 #
0 # o
] # 3
0 # 1
0 # 2
] # =
0 # 1
0, 000 0,0, 0.0, 0500, 0, 000, 000000, 000000 # 2
G, oo, 1400, 0, 1000,0, 01000, 0, 0,00, 000000, 0,00000 # 3
0, 00, 0,0, 0.0, 00500, 0, 000, 000000, 0,00000 4 4
0, 1900, A50,0, 840,00, 00130, 0, 0,00, 000000, 000000 # 5
0, 1900, q50,10, g40,0, 00130, 0, 0,00, 000000, 000000 # 4 1
(o, (e, 0,0, o0, uosoo, 0, 000, 000000, (00000 & 2
05100, 14000, 10000, 01000, 0, Q.00 000000, 000000 # c
0, (00, 0,0, 0.0, 00500, 0, 000, Q00000 0, 00000 4 4
0, 1900, 50,0, 40,0, 00130, 0, 0,00, 000000, 000000  # 5
G, 1900, qh0, 0, g40,0, 00130, 0, 0,00, 000000, 000000 # 5 1
0, Q00 0,0, 0.0, 00500, 0, 000, 000000, 0, 00000 4 2
05100, 1400,0. 10000, 01000, 0, 0,00, 0,00000, O,00000 # 3
0, 000, 0,0, 0.0, 0500, 0, 000, 000000, 0, 00000 # 4
0, 1900, 50,0, 40,0, o.0130, 0, 0,00, 000000, 000000 # 5
0, 1900, OG0, 2390,0, 00250, 0, Q.00 Q00000 Q00000 # B 1
210, 0000, 2700,0, g2a0,0, 00040, 0, 0,00, 000000, 000000 # ¥ 1
0, 0400 12,0, 40,0, 00800, 0, 0,00, 000000, 000000 # 2
2900, 0000, 2700, 0, 80,0, 00,0040, 0, 0,00, 000000, 0,00000 # 3
0, 4200, 1200,0 8370, 0,0130, 0, 0,00, 000000, 000000 # 1
] # 1

[Aufianl

1,2800, 1450.0: 873.0, 00,2500, 0,00, 000000, 0,00000

&




05200, 2050,0, 184,0, 01500, 0. 000, 000000, 000000 # 2
1.4000, 21000, Bo3.0, 01800, 0. 000, 0.00000, 000000 & 3
00,0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 # 4
0,1500, 800,10, 2093,0,  0.0130, 0, 0,00, 0,00000, 000000 & 5
00600, 186.0, 1260,0, 0.0060, 0, 0,00, 0,00000, 000000 # E
0, 7600, 27100, 8370, 00060, 0. 0,00, 000000, 000000 #10 1
00000, 0.0, 0.0, 00120, 0, 0,00, 0.00000, 000000 # 2
0,7600, 2710.0, B37.0, 00080, 0. 000, 0.00000, 000000  # 3
0,7600, 27100, 837.0, 00060, 0. 000, 000000, 000000 #11 1
0,0000, 0.0, 0.0, 00120, 0, 0,00, 000000, 000000 # 2
0, 7600, 2710.0, 837.0, 00060, 0. 0,00, 0,00000, 0,00000 # 2
07600, 27100, 837.0, 00060, 0. 000, 000000, 000000 & 12 1
00000, 0.0, 0.0, 00120, 0, 000, 000000, 000000 # 2
0, 7600, 2710,0 837,0, Q0060 0, 000, 000000, 0,00000 4# 3

# for each surface: inside face emissivity

0.820.820.91 0.91 0.91 0.90 0.82 0.91 0.90 0.83 0.830.83
# for each surface: outside face emissivity

0.820.820.91 0.91 0.91 0.90 0.82 0.91 0.90 0.83 0.83 0.83
# for each surface: inside face solar absorptivity

0.320.320.22 0.22 0.22 0.65 0.32 0.50 0.60 0.05 0.05 0.05
# for each surface: outside face solar absorptivity

0.720.72 0.22 0.22 0.22 0.65 0.72 0.50 0.85 0.05 0.05 0.05
# inside and exterior glazing maintenance factors

1.00 1.00

# thermophysical properties of ceil _chi defined in ../zones/ceil_chi.con

#no of |air |[surface(from geo)| multilayer construction
# layerslgaps| no. name | database name

3, O#1lnw ext insul_mtl p
3, 1l#2ent a dbl_glz
3, 1#3entb dbl_glz
3, 1#4entc dbl_glz
3, 0 # 5west insul_mtl_p
5 2 #6¢cor | gyp_blk_ptn
5 2 # 7prtij gyp_blk_ptn
5, 2#8dr 2 gyp_blk_ptn
5 2#9dr 3 gyp_blk ptn
3, O0#10east insul_mtl_p
5 2#11prt._gh  gyp_blk ptn
5 2 #12prt th  gyp blk ptn
5 2 #13prt_tcor gyp _blk ptn
5 2 #14prt_fcor gyp_blk_ptn
5 1 #15 upper susp flr_re
1, 0 #16cail susp_ceil
1, O #17cor_cell susp _ceil
5 1 #18up cor susp flr_re
# air gap position & resistance for surface 2
2, 0.170,
# air gap position & resistance for surface 3
2, 0.170,
# air gap position & resistance for surface 4
2, 0.170,
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# air gap position & resistance for surface 6
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 7
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 8
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 9
2, 0.170, 4, 0.170,

# air gap position& resistance for surface 11
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 12
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 13
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 14
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 15
3, 0.170,

# air gap position & resistance for surface 18
3, 0.170,

# conduc— | density | specific | thick- |dpndl
# tivity | | heat | neszim}|typel
210, 0000, 27000, 30,0, 00040, 4

00,0400, 12,0, 2400,  0,.0800,
210, 0000, 27000, 8E0.0,  0.0040,
00,7600, 2710,0, 837.0,  0,0080,

b

"

-

00,1300, 3a0,0, B40.0, 0.0130,
210, 0000, 700,00, 820,0, 0,0040,
00,0400, Y. 240.0, 0.0800,
210, 0000, 2700,0, 80,0, 0.0040,

m o

=
=)
=

e

0

0

0

0

00,0000, 0.0, 0,0, 00120, 0,
0, 7600, 27100, 837,0. 0.0080, 0O,
0, 7600, 2710,0, 83v,0,. 00060, 0O,
0, 0000, 0.0, 0.0, 00120, 0,
00,7600, 2710,0, 837.,0. 0.0060, O,
0, 7600, 27100, 237.0. 0,0060, 0,
00,0000, 0.0, 0.0, 00120, 0,
00,7600, 2710.0, 837.0, 0.00BQ, 0,
210, 0000, 200,10, 280,0, 00040, 0,
00,0400, 12,0, B40,0, 0.0800, 0,
210, 000, 2700,0, 280,0, 0,0040, 0,
01,1300, gh0,0, o40,0, 0,0130, 0,
0, 0000, 0.0, 0,0, 00500, 0,
00,5100, 1400,0, mog,0,. o.1000, 0,
0, 0000, 0.0, 0,0, 00,0500, 0,
0.1500, 350,10, 840.0, o.0l30, 0,
00,1300, 3h0,0, 240,0, 00130, 0,
0, 0000, 0.0, 0,0, 00,0500, 0,
00,5100, 1400,0, 1000,0,  0,1000, 0,
0, 0000, 0.0, 0.0, 00500, 0,
(,1300, 3a0,0, 840,0.. 0,0130, 0,
00,1300, 350,10, 240,0,. 0,0130, 0O,
00,0000, 0.0, 0,0, 00,0500, 0,
0.5100, 1400,0, 1000,0, 01000, 0,
0, 0000, 0.0, 0,0, 00500, 0,
00,1300, 3a0,0, B40,0, 0,0130, 0O,
00,1300, gh0,0, e40,0, 0,0130, 0O,
0, 0000, 0.0, 0,0, 00500, 0,
00,5100, 1400,0, w000, 01000, 0,
0, 0000, 0.0, 0,0, 00500, 0,
0

0

0

0

&l

ref, |
temp |
0,00,
0,00,
0,00,
000,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
000,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
000,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
000,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
000,
0,00,
0,00,

temp, lmoizturel surf|lyr

factor |
0, Q0000 ,
(1, Qo0
(1, Q0000
(1, QECICe
(1, Qoo ,
(1, Q000 ,
01, Qe ,
(1, Qoo
0, Q0000 ,
(1, Qo0
(1, Q0000
(1, QECICe
(1, Qoo ,
(1, Q000 ,
01, Qe ,
(1, Qoo
0, Q0000 ,
(1, Qo0
(1, Q0000
(1, QECICe
(1, Qoo ,
(1, Q000 ,
01, Qe ,
(1, Qoo
0, Q0000 ,
(1, Qo0
(1, Q0000
(1, QECICe
(1, Qoo ,
(1, Q000 ,
01, Qe ,
(1, Qoo
0, Q0000 ,
(1, Qo0
(1, Q0000
(1, QECICe
(1, Qoo ,
0, 0000,

factor |
0, Q0000
(3, Q0G0
(1, Q000
(1, DRy
(1, Q0G0
(3, Q0000
£, QG0
(3, Q0G0
£, Q0000
(3, Q0G0
(1, Q000
(1, DRy
(1, Q0G0
(3, Q0000
£, QG0
(3, Q0G0
£, Q0000
(3, Q0G0
(1, Q000
(1, DRy
(1, Q0G0
(3, Q0000
£, QG0
(3, Q0G0
£, Q0000
(3, Q0G0
(1, Q000
(1, DRy
(1, Q0G0
(3, Q0000
£, QG0
(3, Q0G0
£, Q0000
(3, Q0G0
(1, Q000
(1, DRy
(1, Q0G0
(3, Q0000

H oM W 3 M HH O HH NN HHH K H N HEH KN
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00,1300, k0,0, 840,00, 00130, 0. 0,00, 000000, 000000 #11 1
00000, 0.0, 0.0, 00500, 0, 0,000 000000, 000000 # 2
0,5100, 1400.0, 000,00, 01000, 0, 000, 0.00000, 000000  # 3
00,0000, 0.0, 0.0, 00500, 0, 000, 0.00000. 000000 # 4
0,1300, 3000, a40,0,  0.0130, 0. 000, 000000, 000000 & 5
00,1300, 50,0, 840,00, 0,0130, 0. 0,00, 000000, 0,00000 # 12 1
00000, 0.0, 0.0, 00500, 0, 0,00, 000000, 000000 # 2
0,5100, 14000, o000, 01000, 0, 000, 0,00000, 000000  # 3
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 # 4
0,1300, 3h0,0, ado,0, 0,030, 0. 000, 000000, 000000 & 5
0,1300, 3500, g40,0,  0.0130, 0. 000, 000000, 000000 # 13 1
0,0000, 0.0, 0.0, 00500, 0, 000, 000000, 000000 # 2
0,5100, 1400.0, 000,00, 01000, 0, 000, 0.00000, 000000 & 3
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 # 4
0,1300, 3h0,0, 840,0,  0.0130, 0. 000, 000000, 000000 & 5
0,1300, 3500, 840,0, 0.0130, 0. 000, 000000, 000000 # 14 1
0, 0000, 0,0, 0,0, 00500, 0, 0,00, 0.00000, 000000 # 2
0,5100, 14000, 10000, 01000, 0, 000, 000000, 000000 & Z
00000, 0.0, 0.0, 00500, 0, 000, 000000, 000000 # 4
0,1300, 350,10, a40,0,  0.0130, 0. 000, 000000, 000000 # 5
S0, 0000, a0, S02,0, 00040, 0. 000, 000000, 000000 # 15 1
1.4000, 100,10, EhZ.0, 0.1400, 0. 0,00, 0,00000, 0,00000 # 2
00000, 0.0, 0,0, 00500, 0, 0,00, 0.00000, 000000 # S
0,1500, BO0,.0, 2093,0,  0,0130, 0, 0,00, 0,.00000, 000000  # 4
0, 0600, 186.0, 1260,0, 00060, 0, 0,00, 000000, 0,00000 & 5
04200, 1200,0, 837,00, 0.0130, 0. 000, 000000, 000000 # 16 1
0,4200, 1200,0, 837,00, 00130, 0. 000, 000000, 000000 # 17 1
50, 0000, Fa00,0, 502,0, 00040, 0. 000, 000000, 000000 #13 1
1.4000, 21000, Bo3.0, 01400, 0. 000, 0.00000, 000000 & 2
00,0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 # 2
0,1500, 800,10, 2093,0,  0.0130, 0, 0,00, 0,00000, 000000 & 4
00600, 186.0, 1360,0, 00060, 0, 0,00, 0,00000, 000000 # 5

# for each surface: inside face emissivity
0.820.830.830.830.820.910.910.910.910.820.910.910.91 0.910.900.91 0.91
0.90
# for each surface: outside face emissivity
0.820.830.830.830.820.910.910.910.910.820.910.910.910.910.120.91 0.91
0.12
# for each surface: inside face solar absorptivity
0.320.050.050.050.32 0.22 0.22 0.22 0.22 0.32 0.22 0.22 0.22 0.22 0.60 0.50 0.50
0.60
# for each surface: outside face solar absorptivity
0.720.050.050.050.72 0.22 0.22 0.22 0.22 0.72 0.22 0.22 0.22 0.22 0.20 0.50 0.50
0.20
# inside and exterior glazing maintenance factors
1.00 1.00

# thermophysical properties of corid_1 defined in ../zones/corid_1.con
#no of |air |[surface(from geo)| multilayer construction
# layersigapg no. name | database name
3, 0 # lwest cor insul_mtl p
0 # 2door door
0 # 3prt_d-cor mass part
2 # 4prt t cor gyp blk ptn
0 # 5door door
1#6ent a dbl_glz
1#7ent b dbl_glz
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3, 1#8entc dbl_glz

1, O # 9cal susp_ceil
5 1 #10floor susp_floor
3, l#l1llentd dol_glz
3, 1#12glz w dol glz
3, 1 #13door_dcor dbl glz

# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 6
2, 0.170,

# air gap position & resistance for surface 7
2, 0.170,

# air gap position & resistance for surface 8
2, 0.170,

# air gap position & resistance for surface 10
3, 0.170,

# air gap position & resistance for surface 11
2, 0.170,

# air gap position & resistance for surface 12
2, 0.170,

# air gap position & resistance for surface 13
2, 0.170,

# conduc— | denzity | specific | thick- |dpndl
# tivity | | heat | neszzim}ltypel
210,0000, 20,0, ga0.,0, 00040, 0,
Q, 0400y, 12,0, g40,0, 00800, 0,
210, 0000, 2E00,0, g20,0, 00040, 0O,
(,1900, 0,0, 2290,0,  0,0250, 0,
05100, 1400,0, 10000, 00,2400, 0,
00,1900, a6, 0, B40.0, 00130, 0,
0, 0000, 0,0, 0,0, 00600, 0,
05100, 1400,0, 1000,0, 01000, O,
0, 0000, 0,0, 0,0, 00,0600, 0,
(,1900, 50,0, g40,0,  0,0130, 0,
(,1900, 00,0, 2290,0, 0,020h0, 0,
Q,7E00, 270,00, g37.0, 0,000, 0,
QL 0000, 0,0, 0,0, 00120, 0,
0, 7600, 270,00, 37,0, 0,060, 0,
0, 7E00, 2r0,0, 837,00, 00060, 0,
0, 0000, 0,0, P R PR 5 = R v
07600, 270,0, gav.0, 00060, 0,
0, 7B, 2710,0, g37.0, 0,060, 0,
0, 0000, 0,0, 0,0, 00,0120, 0,
Q,7E00, 270,00, g37.0, 0,000, 0,
0, 4200, 1200,0, 837,00, 00130, 0,
00600, 18,0, 1360,0, 00060, 0,
0, 1500, |00, 0, 2093,0, 0,0130, 0,
0, 0000, 0,0, QL0 Q0500 0,
1, 4000, 2100,0, B53,0, 0,400, 0,
S0, 0000, Fa00,0, G020, 0,040, 0,
0, 7E00, 70,0, 857.0, 00080, 0,
Q00000 , 0,0, 0,0, 00,0120, 0,
0, 7E00, 2710,0, 8370, 0,060, 0,
0, 7600, 270,00, 37,0, 0,060, 0,
0, 0000, 0,0, 0,0, 00,0120, 0,
0, 7RO, 27100, 837.0, 0.0080, 0,
07600, 270,0, gav.0, 0,060, 0,
0, 0000, 0,0, 0.0, 0,0120, 0,
0, 7600, 270,0, 057.0, 00060, 0,

ref, |
temp |
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,

factor |
(1, D000,
Cy, OG0,
Cr, D000,
(1, D00,
(1, QECE
(1, 0000,
£, DO,
(1, Qe
(1, D000,
Cy, OG0,
Cr, D000,
(1, D00,
(1, QECE
(1, 0000,
£, DO,
(1, Qe
(1, D000,
Cy, OG0,
Cr, D000,
(1, D00,
(1, QECE
(1, 0000,
£, DO,
(1, Qe
(1, D000,
Cy, OG0,
Cr, D000,
(1, D00,
(1, QECE
(1, 0000,
£, DO,
(1, Qe
(1, D000,
Cy, OG0,
(1, D000,

factor |
£, OO0
£, QO
£ iy
£, Qe
£, Qe
£, OO0
£, Qo0
£, Qo)
£, OO0
£, QO
£ iy
£, Qe
£, Qe
£, OO0
£, Qo0
£, Qo)
£, OO0
£, QO
£ iy
£, Qe
£, Qe
£, OO0
£, Qo0
£, Qo)
£, OO0
£, QO
£ iy
£, Qe
£, Qe
£, OO0
£, Qo0
£, Qo)
£, OO0
£, QO
£, R

3k 3k 4k o 4 3 o4 3 3k b 3 4 3 b o4 2 3 b 3 4 3 o3 2 o o 4 3 o d

temp, Imoisturel surfllyr

1 1

B

11

12
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# for each surface: inside face emissivity

0.820.900.900.91 0.900.830.830.830.910.120.830.830.83
# for each surface: outside face emissivity

0.82 0.90 0.90 0.91 0.90 0.830.830.830.91 0.90 0.830.830.83
# for each surface: inside face solar absorptivity

0.32 0.65 0.25 0.22 0.65 0.05 0.05 0.05 0.50 0.20 0.05 0.05 0.05
# for each surface: outside face solar absorptivity

0.72 0.65 0.25 0.22 0.65 0.05 0.05 0.05 0.50 0.60 0.05 0.05 0.05
# inside and exterior glazing maintenance factors

1.00 1.00

# thermophysical properties of corid_g defined in ../zones/corid_g.con
#no of |air [surface(from geo)| multilayer construction
# layersigaps| no. name | database name
0 # 1west_cor insul_mtl p
0 # 2door door
O # 3prt_i_cor mass part
2 # 4prt_t cor gyp blk ptn
O # 5door f  door
1#6ent a dbl_glz
1#7ent b dbl_glz
1#8entc dbl_glz
0 # 9cal susp_ceil
0 # 10 floor entry_floor
1#1lent d dol_glz
1 #12¢9lz w dol _glz
1 #13door_icor dbl_glz
# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,
# air gap position & resistance for surface 6

WWwhrPrPoLOWwWwWPLO PP W

2, 0.170,
# air gap position & resistance for surface 7
2, 0.170,
# air gap position & resistance for surface 8
2, 0.170,
# air gap position & resistance for surface 11
2, 0.170,
# air gap position & resistance for surface 12
2, 0.170,
# air gap position & resistance for surface 13
2, 0.170,
# conduc— | density | specific | thick- |dpndl ref. | temp, Imoizturel surfllyr
# tivity | | heat | neszim?ltypel temp | factor | factor | |
210,0000,  2700,0, 830,0, 0,0040, 0, 0,00, 0,00000, 000000 # 1 1
(0, 0400, 12,0, 840,0, 00800, 0, 0,00, 0,00000, 0,00000 # 2
210,0000,  2700,0, 880,0, 00040, 0, 0,00, 0,00000, 0,00000 # 3
01,1900, oo, 2390,0, 0.0280, 0, 0,00, 0,00000, 000000 # 2 1
0,5100,  1400,0,  1000,0, 02400, 0, 0,00, 0,00000, 0,00000 # 3 1
(0, 1900, a0, 0, B40,0, 0,0130, 0, 0,00, 0,00000, 000000 # 4 1




0, 7600, 2710,0, 8370, 0,0060,
04200, 1200,0, 8370, 0.0130,
1,2800, 1460,0, 879.0,  0,2500,
05200, 2050,0, 1840, 0,1500,
1,4000, 21000, B30, 0,1500,
2,0000, 2h00,0, 8a0,0, 0,0240,
07600, 27100, 8370,  0.0060,

0
+
0

B
+
B

N
+
“

0
+
'\.

B
+
B

b
+
b
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0,0000, 0.0, 0,0, 00500, . L00, 0,00000, 0,00000
0,5100, 1400.0, 1000,0,  0,1000, P L00, 000000, 0,00000
0, 0000, 0.0, 0.0, 00500, . L0, 000000, 000000
0,1300, 350,10, 840.0, 0.0130, . L0, 0,00000, 0,00000
0,1300, 0.0, 2330,0,  0,0250, ; L0, 0,00000, 000000
0, 7600, 27100, 8370, 0,0060, . L0, 0,00000, 0, 00000
00000, 0.0, 0,0, 00120, . L0, 0,00000, 0,00000
0,7600, 2710.0, 8370, 0.00860, E L0, 000000, 000000
0,7600, 27100, 8370, 0.0060, . L00, 0,00000, 0,00000
0,0000, 0.0, 0,0, 00120, P L00, 000000, 0,00000
0, 7600, 2710.0, 837.,0, 0,0060, . L0, 000000, 000000
07600, 27100, 8370, 0.0060, . L0, 0,00000, 0,00000
00000, 0.0, 0,0, 00120, ; L0, 0,00000, 000000

0, 00000, 0, Q0000
0, 00000, 0,00000
0, 00000, 0, 00000
0, 00000, 000000
0.,00000, 0,00000
000000, 0, Qo000
0,00000, - 0,00000

00000, 0.0, 0,0, 00120, ; L0, 0,00000, 000000
0, 7600, 27100, 8370, 0,0060, . L0, 0,00000, 0, 00000
0, 7600, 27100, 8370,  0.0080, . L0, 0,00000, 0,00000
00000, 0.0, 0,0, 0,010, E L0, 000000, 000000
0, 7600, 27100, 8370, 0.0060, . L00, 0,00000, 0,00000
0, 7600, 27100, B37.0, 0.0060, P L00, 000000, 0,00000
0, 0000, 0.0, 0.0, 00,0120, . L0, 000000, 000000
0, 7600, 27100, 8370,  0.0060, . L0, 0,00000, 000000

£ R R R IR R R B R

11
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# for each surface: inside face emissivity

0.820.90 0.90 0.91 0.90 0.830.830.830.91 0.90 0.830.830.83
# for each surface: outside face emissivity

0.820.90 0.90 0.91 0.90 0.830.830.830.91 0.90 0.830.830.83
# for each surface: inside face solar absorptivity

0.32 0.65 0.25 0.22 0.65 0.05 0.05 0.05 0.50 0.46 0.05 0.05 0.05
# for each surface: outside face solar absorptivity

0.72 0.65 0.25 0.22 0.65 0.05 0.05 0.05 0.50 0.85 0.05 0.05 0.05
# inside and exterior glazing maintenance factors

1.00 1.00

# thermophysical properties of roof defined in ../zones/roof.con
#no of |air |[surface(from geo)| multilayer construction
# layerslgaps| no. name | database name
4, 1 # 1south roof
1# 2east roof
1 # 3north roof
1 # 4west roof
O # 5cell ¢ susp cell
O # 6cel e susp cel
0 # 7stair_de susp_ceil
O # 8ceil_t susp_cel
0 #9cell a susp cell
0 #10star ab susp _ceil
0 #11corid ¢ susp ceil
0 # 12 sofit insul_mtl_p
1 #13ent.r n roof
1 #14ent r w roof
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4, 1 #15ent r s roof
1, 0 #16cell b susp cal
# air gap position & resistance for surface 1

2, 0.170,
# air gap position & resistance for surface 2
2, 0.170,
# air gap position & resistance for surface 3
2, 0.170,
# alr gap position & resistance for surface 4
2, 0.170,
# air gap position & resistance for surface 13
2, 0.170,
# air gap position & resistance for surface 14
2, 0.170,
# air gap position & resistance for surface 15
2, 0.170,
# conduc— | denzity | specific | thick- |dpndl ref, | temp, lmoisturel surfllyr
# tivity | | heat | neszim?ltypel temp | factor | factor |
210,0000,  2700,0, B30,0, 0,0030, 0, 0,00, 000000, 000000 14
0, 0000, 0,0, 0,0, 00250, 0, 0,00, 0,00000, 0,00000
0, 0400, 12,0, 840,0, 0,0800, 0, 0,00, 0,00000, 0,00000
20,0000,  2700,0, 80,0, 0,0030, 0, 0,00, 0,00000, O,00000
210,0000,  2700,0, 830,0, 0,0020, 0, 0,00, 0,00000, 0,00000 2
0, 0000, 0,0, 0,0, 00250, 0, 0,00, 0,00000, 0,00000
0, 0400, 12,0, 840,0, 0,0800, 0, 0,00, 0,00000, 0,00000
10,0000, 2700,0, 80,0, 0,0030, 0, 0,00, 0,00000, 0,00000
20,0000, 2700,0, 830,0, 0,0030, 0, 0,00, 0,00000, O,00000 2
0, 0000, 0,0, 0,0, 00250, 0, 0,00, 0,00000, 0,00000
0, 0400, 12,0, 840,0, 0,0800, 0, 0,00, 0,00000, 0,00000
20,0000,  2700,0, 80,0, 0,0030, 0, 0,00, 0,00000, O,00000
210,0000,  2700,0, 830,0, 0,0020, 0, 0,00, 0,00000, 0,00000 4
0, 0000, 0,0, 0,0, 00250, 0, 0,00, 0,00000, 0,00000
0, 0400, 12,0, 840,0, 0,0800, 0, 0,00, 0,00000, 0,00000
10,0000, 2700,0, 80,0, 0,0030, 0, 0,00, 0,00000, 0,00000
0,4200,  1200,0, 837,0, 0,0130, 0, 0,00, 000000, O,00000 5
04200, 1200,0, 827,0, 0,0120, 0, 0,00, 0,00000, 0,00000 3
0,4200,  1200,0, 8370, 0,0130, 0, 0,00, 0,00000, 0,00000 7
0,4200,  1200,0, B37,0, 0,0130, 0, 0,00, 0,00000, O,00000 8
0,4200,  1200,0, 827,0, 0,0120, 0, 0,00, 0,00000, 0,00000 5
0,4200,  1200,0, 837.0, 0,0120, 0, 0,00, 0,00000, 000000 % 10

0, 4200, 1200,0, 837.0, 0.0130,
2100000, 27000, 80,0,  0,.0040,
00400, 12,0, 240,0,  0,0800,
2100, 0000, 27000, 830.0, 0,0040,
210,0000, 27000, 80,0, 0,0050,

0,00, 0,00000, 0,00000
0,00, 000000, 0,00000
00, 000000, 0, 00000
0,00, 000000, 0,00000
0,00, 000000, 0,00000

b

0

-

"

"

0, 0000, 0,0, 0,0, 00250, L 000, 0,00000, 0,00000
00,0400, 12,0, a40.0,  0,0800, Lo 000, Quo0o0a, O, 00000

2100, 0000, 27000, Ba0.0,  0,00350, oo D00, Qo000 Q00000

2100,0000, 27000, 830.0, 0,.0030, L D0, OO0, Q00000 14
0, 0000, 0,0, 0,0, 00250, L 000, DL0000a, O, 00000
00,0400, 12,0, 240,0,  0,0800, o 000, 000000, O, 00000

2100, 0000, 27000, 880.0, 0,0030, Lo 000, Q00000 O, 00000

210,0000, 27000, 80,0, 0,0050, L 000, 000000, 000000 15
0, 0000, 0,0, 0,0, 00250, L 000, 0,00000, 0,00000
00,0400, 12,0, a40.0,  0,0800, Lo 000, Quo0o0a, O, 00000

210, 0000, 2700,0, 880,0,  0,0030,
0, 4200, 1200,0, 837,00, 0,0120,

# for each surface: inside face emissivity
0.220.220.220.220.910.91 0.910.91 0.91 0.91 0.91 0.82 0.22 0.22 0.22 0.91
# for each surface: outside face emissivity
0.220.220.220.220.910.910.910.91 0.91 0.91 0.91 0.820.22 0.22 0.22 0.91

Lo D00, Q00000 , O, 00000
L 0,00, 000000, 0O,00000

ok 4k e A 4k 3F 3k b dF dF 4 3F 3 4 dF AF b 4 3F 3 4 A o 4 3 H 3 H o3

[y
i

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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# for each surface: inside face solar absorptivity

0.20 0.20 0.20 0.20 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.32 0.20 0.20 0.20 0.50
# for each surface: outside face solar absorptivity

0.20 0.20 0.20 0.20 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.72 0.20 0.20 0.20 0.50
# inside and exterior glazing maintenance factors

1.00 1.00

# thermophysical properties of stair_abfg defined in ../zones/stair_abfg.con
#no of |air |[surface(from geo)| multilayer construction

# layerslgaps| no. name | database name

0 # least insul_mtl_p

2 # 2prt f gyp_blk_ptn

2 # 3prt f1  gyp blk ptn

2 # 4prt g agyp_blk_ptn

2 #5prt_ gl  gyp blk ptn

0 # 6cal susp_ceil

1 # 7floor grnd_floor

2 # 8prt_gcl gyp blk ptn

2 #9prt bl  gyp blk ptn

2 #10prt gc  gyp blk ptn

2 #11prt b gyp_blk_ptn

2 #12prt acl gyp blk ptn

2 #13prt. al  gyp blk ptn

2 #14prt_ac  gyp_blk_ptn

2 #15prt_a gyp_blk_ptn

0 # 16 door door

# ar gap position & resistance for surface 2
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 5
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 7
4, 0.170,

# air gap position & resistance for surface 8
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 9
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 10
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 11
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 12
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 13
2, 0.170, 4, 0.170,
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# air gap position & resistance for surface 14
2, 0.170,4, 0.170,

# air gap position & resistance for surface 15
2, 0.170,4, 0.170,

# conduc— | density | specific | thick- Idpndl ref. | temp. Inoisturel surfllur
# tivity | | heat | nezzimdltypel temp | factor | factor |
210, 0000, 20,0, g820,0, 00040, 0, 0,00, 000000, 000000 # 1 1
00400, 12,0, 40,0, 00800, 0, Q.00 Q 00000, 0, 00000 # 2
210, 0000, Zion,n, g880.0, o.0040, 0, 0,00, 000000, 0,00000 # 3
0,19300, 50,0, 840,0, 00130, 0, 0,00, 000000, 000000 # 2 1
0, 0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 0,00000 # 2
0,5100, 1400,0, 10000, 01000, 0, 0,00, 0,00000, 0,00000 # 3
0, 0000, 0,0, 0.0, 00500, 0, 0,00, 000000, 000000 # 4
(,1900, 50,0, a40,0, 00130, 0, 0,00, 0,00000, 000000 # 5
0,1300, 50,0, 840.0, 00130, 0, 0,00, 000000, 000000 # 301
0, Qo 0.0, 0.0, 00500, 0, 000, 000000, 000000 # 2
05100, 1400,0, 10000, 01000, 0, 0,00, 000000, 000000 # 3
0, 0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 0,00000 # 4
0,1900, 50,0, g40,0, 00130, 0, 0,00, 000000, 000000 # 5
0,1300, 50,0, 240.0, 00130, 0, 0,00, 0,00000, 000000 # 4 1
0, 0000, 0,0, 0.0, 00500, 0, 0,00, 000000, 000000 # 2
0,5100, 1400,0, 1000,0, 0.1000, 0, 0,00, 0,00000, 000000 # 3
0,0000, 0,0, 0.0, 00500, 0, 0,00, 000000, 000000 # 4
0, 1900, 50,0, 840,00, 00130, 0, 000, Q 00000, 0, 00000 # 5
0,1300, 50,0, g40.0, 00130, 0, 0,00, 000000, 000000 # 5 1
0, 0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 0,00000 # 2
02,5100, 1400,0, 10000, 04000, 0, 0,00, Q,00000, 0,00000 # 3
0, 0000, 0,0, 0.0, 00500, 0, 0,00, 000000, 000000 # 4
0,1300, 50,0, 840,0, 00130, 0, 0,00, 000000, 0,00000 # 5
0,4200, 1200,0, 4370, 00130, 0, 0,00, 0,00000, 000000 # B 1
1,2800, 14R0,0, ara,0, 020600, 0, 0,00, 0,00000, 000000 # 7 1
05200, 20500, 84,0, 01500, 0, Q.00 Q 00000, 0, 00000  # 2
1.,4000, 2100,0, B30, 00,1600, 0, 0,00, 000000, 0,00000 # 3
0, 0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 0,00000 # 4
02,1500, ao0,0, 20820, 00180, 0, 0,00, Q.00000, 0,00000 # 5
0, 0600, 186.0, 1260,0, 0.0080, 0, 0,00, 0,00000, 0,00000 # B
0,1300, 50,0, 840,0, 00130, 0, 0,00, 000000, 000000 # 5 1
(., 0000, 0,0, 0.0, 00500, 0, 0,00, 000000, 0,00000 # 2
0,5100, 1400,0, 10000, 01000, 0, 0,00, 000000, 000000 # 3
0, Qo 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 # 4
0,1300, q50,0, g40.0, 00120, 0, 0,00, 000000, 0,00000 # 5
0,19300, 50,0, 840,0, 00130, 0, 0,00, 0,00000, 000000 # 3 1
0, 0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 0,00000 # 2
0,5100, 1400,0, 10000, 01000, 0, 0,00, 0,00000, 0,00000 # 3
0, 0000, 0,0, 0.0, 00500, 0, 0,00, 000000, 000000 # 4
0,1900, 950.,0, g40,0, 00,0130, 0, 0,00, 000000, 000000 # 5
0,1300, 950.,0, 840,0, 00130, 0. 0,00, 000000, 000000 # 10 1
0, Q000 0,0, 0.0, 00500, 0, 0,00, 000000, 000000 # 2
05100, 1400,0, 10000, 01000, 0, 0,00, 000000, 0,00000 # 3
0, 0000, 0,0, 0.0, 00800, 0, 0,00, 0,00000, 0,00000 4# 4
00,1900, 950,10, g40,0, 00,0130, 0, 0,00, 0,00000, 0,00000 # 5
0,1300, 950.,0, 40,0, 0.0130, 0, 0,00, 000000, 000000 #11 1
0, Q000 0,0, 0,0, 00800, 0, 0,00, 000000, 000000 # 2
05100, 1400,0, 10000, 01000, Q. 0,00, 000000, 000000 # 3
0,000, 0,0, 0,0, 00500, 0, 0,00, 000000, 000000 4# 4
00,1900, 350,00, B40,0, 00130, 0, 0,00, 000000 0, 00000 # b
0,1900, 950.,0, g40,0, 00,0130, 0, 0,00, 000000, 000000 #12 1
00,0000, 0,0, 0.0, 00500, 0, 0,00, 000000, 0,00000 4# 2
0,5100, 1400,0, 1000,0, 01000, 0, 0,00, 0,00000, 0,00000 # 3
0, 0o, 0.0, 0,0, 0,0800, 0, 0,00, 000000, 000000 # 4
0,1300, 350,10, 40,0, 00130, 0, 0,00, 0,00000, 000000 # 5
0,1900, 950.,0, g40,0, 0.0130, 0, 0,00, 000000, 000000 # 13 1
0,000, 0,0, 0,0, 00500, 0, 0,00, 000000, 000000 4# 2
05100, 1400,0, 1000,0, 01000, 0, 0,00, 000000, 0, 00000 # 3
0, 0000, 0,0, 0,0, 00800, 0, 0,00, 000000, 0,00000 4# 4
0,1300, 950.,0, 840.0, 0,0130, 0, 0,00, 0,00000, 000000 # 5
00,1900, 950,10, 40,0, 00120, 0, 0,00, 000000, 0.00000 # 14 1
0, Qa0 0.0, 0,0, 0,0800, 0, 0,00, 000000, 000000 # 2
0,5100, 1400,0, 10000, 01000, @, 0,00, 000000, 000000 4 5




00000, 0.0 0.0, 00500, 0, 0000 0.00000, 000000 # 4
0,1300, 50,0 a40,0,  0.0130, 0. 000, 0.00000, 000000  # 5
0,1300, 3500 g40,0,  0.0130, 0, 000, 000000, 000000 #1585 1
0,0000, 0.0, 0.0, 00500, 0, 0,00, 000000, 000000 # 2
0.5100, 1400.0, 10000, 01000, 0, 0,00, 000000, 000000 # 2
0,0000, 0.0 0.0, 00500, 0, 0,00, 000000, 000000 # 4
0,1300, 3500, g40,0,  0.0130, 0. 000, 0.00000, 000000  # 5
00,1300, 00,0, 2390,0,  0,0250, 0, 0,00, 000000, 0,00000 # 16 1

# for each surface: inside face emissivity

0.820.910.910.910.910.910.900.910.910.910.910.910.910.910.91 0.90
# for each surface: outside face emissivity

0.820.910.910.910.910.910.900.910.910.910.910.91 0.910.910.91 0.90
# for each surface: inside face solar absorptivity

0.320.22 0.22 0.22 0.22 0.50 0.60 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.65
# for each surface: outside face solar absorptivity

0.72 0.22 0.22 0.22 0.22 0.50 0.85 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.65
# inside and exterior glazing maintenance factors

1.00 1.00

# thermophysical properties of stair_deij defined in ../zones/stair_deij.con

#no of |air [surface(from geo)| multilayer construction

# layersigaps| no. name | database name

0 # least insul_mtl_p

2 # 2prti gyp_blk ptn

2 #3prt_il  gyp blk_ptn

2 # 4prt gyp_blk_ptn

2 #5prt j1  gyp blk ptn

0 # 6 call susp_ceil

1 # 7floor grnd_floor

2 #8prt ¢j1 gyp_blk ptn

2#9prt el gyp blk ptn

2 #10prt_cj gyp_blk_ptn

2 #11prt e gyp_blk_ptn

2 #12prt cil gyp blk ptn

2 #13prt. d1  gyp_blk_ptn

2 #14prt_ci gyp_blk_ptn

2 #15prt d gyp_blk_ptn

0 # 16 door door

# air gap position & resistance for surface 2
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 5
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 7
4, 0.170,

# alr gap position & resistance for surface 8
2, 0.170, 4, 0.170,

P OO o1 1o 010101 01 W
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# air gap position & resistance for surface 9
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 10
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 11
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 12
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 13
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 14
2, 0.170, 4, 0.170,

# alr gap position & resistance for surface 15
2, 0.170,4, 0.170,

# conduc— | density | specific | thick— |dpndl
# tivity | | heat | nezzim}ltypel
210, 0000, 20,0, 850,0, 00040, 0,
00400, 12,0, 40,0,  0,.0800, ,

210, 0000, 2700,0, 880.0,  0.0040,
01,1300, 350.,0, 840.0, 00,0130,

"

B

0, 0000, 0,0, 0,0, 00500, .
00,5100, 1400,0, 000,00, 0,1000, .
0, 0000, 0.0, 0,0, 0,0500, .
01,1300, 3h0,0, 2400, 0.0130, .
00,1300, 3a0,0, g40.0,  0.0130, .
00,0000, 0.0, 0.0, 00500, .
00,5100, 14000, 1000.0,  0,1000, .
0, 0000, 0.0, 0,0, 00500, .
01,1300, gh0,0, 240.0, 0,0130, .
00,1300, 3h0,0, 2400, 0.0130, .
0, 0000, 0.0, 0,0, 00500, .
00,5100, 1400,0, 000,00, 0,1000, .
0, 0000, 0.0, 0,0, 0.0500, .
0,1500, 950,10, 240,0, 0,0130, .
00,1300, 3h0,0, 8400, 0.0130, .
0, 0000, 0.0, 0,0, 00500, .
00,5100, 1400,0, 1000,0,  0,1000, .
0, 0000, 0.0, 0,0, 00500, .
(,1300, 34,0, B40.0,  0,0130, .

0,4200,  1200,0, 8370, 0,0130,
1,2800,  1460,0,  B73.0, 0,250,
0,5200,  2060,0,  184,0, 0,1500,
1,000,  2100,0,  B53,0, 0,150,
0,0000, 0,0, 0.0, 0,0500,
0,1500,  B00,0,  2093,0, 0,0190,
0,0800,  186.0,  1360,0, 0,0080,
0,1900, 50,0,  840,0, 0,0130,

b

-

"

B

-

b

"

00,0000, WM L1 00800, .
00,5100, 14000, 1000,0, 00,1000, .
0, 0000, U, L0, 00800, .
00,1900, gh0,0, 240,0, 0,0130, .
00,1900, gh0.0, 2400,  0,0130, .
0,000, WM L, 00800, .
0,5100, 14000, 1000,0,  0,1000, .

0.0 0.0
0.0 0.0
0.0 0.0
0,0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
00,0000, 0.0 0.0, 00500,
00,1900, gh0.0, 840,0, 0,0130,
0.0 0.0
0.0 0.0
0,0 0,0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0,0 0,0

"

e

00,1900, gh0.0, 240.0,  0,01320,
L D.0500,
L 01000,
» 00500,
L 00130,

™

0, 0000,
00,5100, 14000, 1000,
0, 0000,
00,1300, 3a0,
00,1900, 35 » 00130,
0, 0000, - 00500,
0,500, 1400,0, 1000,0,  0,1000,

b

-

L

-

™

"

e e e o e e e o I o o S e B o O o e e o o e e o A o B o e S o B o o e o B R e e o o B e
-

B

ref, |
temp |
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,

temp, Imoisturel

factor |
01, Q000
(1, QR
(1, Qo0 ,
(1, Q000
01, Qe ,
(1, Q000 ,
0, Q000 ,
(1, Qoo ,
(1, Q000 ,
(1, QR
(1, Qo0 ,
(1, Q000
01, Qe ,
(1, Q000 ,
0, Q000 ,
(1, Qoo ,
(1, Q000 ,
(1, QR
(1, Qo0 ,
(1, Q000
01, Qe ,
(1, Q000 ,
0, Q000 ,
(1, Qoo ,
(1, Q000 ,
(1, QR
(1, Qo0 ,
(1, Q000
01, Qe ,
(1, QG0 ,

0,00000,
0, 00000,
0, 00000,
0, 00000,
0, 00000,
0, 00000,
0, 00000,
0,00000,
0,00000,
0, 00000,
0, 00000,
0, 00000,
0, 00000,
0, 00000,
0, 00000,
0,00000,
0,00000,
0, 00000,

factar |
(3, Q000
£, DR
(3, Q0000
(1, Q000
0, QG0
(3, Q000
£, Q000
(3, Q0G0
£, Q000
£, DR
(3, Q0000
(1, Q000
0, QG0
(3, Q000
£, Q000
(3, Q0G0
£, Q000
£, DR
(3, Q0000
(1, Q000
0, QG0
(3, Q000
£, Q000
(3, Q0G0
£, Q000
£, DR
(3, Q0000
(1, Q000
0, QG0
(3, Q0000

00, Q000
0, 00000
(), 0000
), Q000
00, Q0000
(), Q0000
), S0
00, Q0000
00, Q000
0, 00000
(), 0000
), Q000
00, Q0000
(), Q0000
), S0
00, Q0000
00, Q000
0, 00000

zurf | 1yr
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0, 0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 4
0,1300, 50,0, a40.0, 00130, 0. 0,00, 0,00000, 0,00000 & 5
0.1300, 50,0, 40,0, 00130, 0. 0,00, 000000, 000000 & 12 1
0,0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 0,00000 & 2
0,5100, 1400,0, 10000, 04000, 0, 000, 000000, 000000 & 3
0, 0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 0,00000 # 4
0,1300, 3h0,0, a40.0, 00130, 0. 0,00, 000000, 0,00000 & 5
0,1300, 50,0, g40,0, 00130, 0. 0,00, 000000, 0,00000 # 13 1
00,0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 000000 # 2
0,5100, 14000, 10000, 04000, 0, 0,00, 000000, 000000 & 3
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 0,00000, 000000 4
00,1300, k0,0, 840.0, 00130, 0. 0,00, 0,00000, 0,00000 & 5
0,1300, 00,0, g40,0, 00130, 0, 000, 000000, 000000 # 14 1
0, 0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 0,00000 # 2
0,5100, 14000, o000, 04000, 0, 000, 000000, 000000 & 2
0, 0000, 0.0; 0,0, 00500, 0, 0,00, 000000, 000000 # 4
00,1300, 50,0, 840.0, 00130, 0. 0,00, 000000, 0,00000 & 5
0,1300, 50,0, g40,0, 00130, 0, 0,00, 000000, 000000 # 15 1
00,0000, 0.0, 0,0, 00800, 0, 0,00, 0,00000, 000000 2
0,5100, 1400,0, 10000, 04000, 0, 000, 000000, 000000 & 3
0,0000, 0,0, 0,0, 00500, 0, 0,00, 000000, 0,00000 # 4
00,1300, k0,0, 240,0, 00130, 0. 0,00, 0,00000, 000000 & 5
0,1300, 0,0, 2390,0, 0,0250, 0, 0,00, 000000, 0,00000 #16 1

# for each surface: inside face emissivity

0.820.910.910.910.910.910.900.910.910.910.910.91 0.910.910.91 0.90
# for each surface: outside face emissivity

0.820.910.910.910.910.910.900.910.910.910.910.910.910.910.910.90
# for each surface: inside face solar absorptivity

0.320.22 0.22 0.22 0.22 0.50 0.60 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.65
# for each surface: outside face solar absorptivity

0.720.22 0.22 0.22 0.22 0.50 0.85 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.65
# inside and exterior glazing maintenance factors

1.00 1.00

# thermophysical properties of toilets defined in ../zones/toilets.con

#no of |air [surface(from geo)| multilayer construction

# layerslgaps] no. name | database name
5 2 # lprt_tcor gyp_blk ptn

2 # 2prt_th  gyp blk_ptn

2 # 3prt tg gyp blk ptn

2 # 4prt ft  gyp blk ptn

0 # 5celing susp ceil

1 # 6floor grnd_floor

2 # 7prt_tcorc gyp_blk ptn

2 # 8prt_tcorl gyp blk ptn

2 # 9prt_cth gyp blk ptn

2 #10prt_ ctc  gyp_blk _ptn

2 #11prt. ctb gyp blk ptn

2 #12prt_tb  gyp_blk ptn

2 #13prt cat  gyp_blk _ptn

2 #14prt ta  gyp blk ptn

# air gap position & resistance for surface 1

2, 0.170, 4, 0.170,
# air gap position & resistance for surface 2
2, 0.170, 4, 0.170,

5
5
5
1
6
5
5
5
5
5
5
5
5
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# air gap position & resistance for surface 3
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 4
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 6
4, 0.170,

# air gap position & resistance for surface 7
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 8
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 9
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 10
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 11
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 12
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 13
2, 0.170, 4, 0.170,

# air gap position & resistance for surface 14
2, 0.170,4, 0.170,

# conduc— | denzity | specific | thick- |dpndl

# tivity | | heat | neszzim}ltypel
00,1300, aa0,0, 840,00, 00130, 4
02,0000, 0,0, 0,0, 0,050, ,
0,5100, 1400,0, 1000,0, 0,1000, 3
0,0000, 0,0, 0,0, 0,0500, i
0, 1900, 50,0, 40,0, 0.0130, ,
0,1900, 50,0, 40,0, 00130, 3
0, 0000, 0,0, 0,0, 0,0500, i
02,5100, 1400,0, 1000 ,0,  0,1000, .
0, 0000, 0,0, 0,0, 0,0500, 4
(,1300, 50,0, g40,0,. 00130, ,
0,19300, qh0,0, 840,00, 00130, 3
00,0000, 0,0, 0,0, 00500, i
05100, 14000, 000,60, 0,1000, ,
0, 0000, 0,0, 0,0, 00500, 3
0,1300, 50,0, g40,0, 00130, i
(,1900, 50,0, 40,0, 00130, .
0, 0000, 0,0, 0,0, 0,0500, 4
02,5100, 1400,0, 10000, 0,1000, ,
0,0000, 0,0, 0,0, 006500,
0,1300, 50,0, 840,0, 00130, i

0.4200, 1200,0, 837.0, 0,0130,
1,2800, 1460,0, 873.0,  0.2600,
00,5200, 2050,0, 184.0, 0.1500,
1,4000, 2100,0, BR300, 01500,
0, 0000, 0.0, 0,0, 0,0500,
00,1500, a00,0, 2033,0,.  0,0130,
00,0600, 186.0, 1360.0,. 0,0060,
00,1300, 340,10, 840.0, 0,.0130,

e e T T T

B
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00,0000, 0.0, 0.0, 0.0500, .
05100, 14000, 000,00, 0,1000, .
00,0000, 0.0, 0,0, 00500, B
01,1300, k0,0, 2400, 0,0130, .
00,1300, 3a0,0, 240.0,  0,0130, .
G, 0000, 0.0, 0,0, 00500, .
00,5100, 1400,0, 000,00, 0,1000, .
0, 0000, 0.0, 0,0, 0,0500, .
00,1300, 350,10, 240,0, 0,0130, .

ref, |
temp |
0,00,
000,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
000,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
000,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
000,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
0,00,
000,
0,00,
0,00,
0,00,

temp, Imoisturel surflluye

factor |
(1, Qo ,
0, 00000,
0, Q000 ,
(1, Qo0
(1, DRI,
0, Q000 ,
(1, Qo000 ,
£, QGGG ,
(1, Qo ,
0, 00000,
0, Q000 ,
(1, Qo0
(1, DRI,
0, Q000 ,
(1, Qo000 ,
£, QGGG ,
(1, Qo ,
0, 00000,
0, Q000 ,
(1, Qo0
(1, DRI,
0, Q000 ,
(1, Qo000 ,
£, QGGG ,
(1, Qo ,
0, 00000,
0, Q000 ,
(1, Qo0
(1, DRI,
0, Q000 ,
(1, Qo000 ,
£, QGGG ,
(1, Qo ,
0, 00000,
0, Q000 ,
(1, Qo0
(1, 0,

factor |
£y, Q000
03, Q000
£, Q000
(3, Q0G0
(1, DRy
(1, Q000
(1, Q000
£, Q0G0
£y, Q000
03, Q000
£, Q000
(3, Q0G0
(1, DRy
(1, Q000
(1, Q000
£, Q0G0
£y, Q000
03, Q000
£, Q000
(3, Q0G0
(1, DRy
(1, Q000
(1, Q000
£, Q0G0
£y, Q000
03, Q000
£, Q000
(3, Q0G0
(1, DRy
(1, Q000
(1, Q000
£, Q0G0
£y, Q000
03, Q000
£, Q000
(3, Q0G0
(1, Q0000
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00,1300, k0,0, a40,0, 00130, 0. 000, 000000, 0,00000 &
00000, 0.0, 0.0, 00500, 0, 0000 0.00000, 000000 #
0,5100, 1400.0, 000,00, 01000, 0, 000, 0.00000, 000000  #
00,0000, 0.0, 0.0, 00500, 0, 000, 0.00000. 000000 #
0,1300, 3000, a40,0,  0.0130, 0. 000, 000000, 000000 &
00,1300, 50,0, 840,00, 00130, 0. 0,00, 0,00000, 0,00000 #
00000, 0.0, 0.0, 00500, 0, 0,00, 000000, 000000 #
0,5100, 14000, o000, 01000, 0, 000, 0,00000, 000000  #
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 #
0,1300, 3h0,0, ado,0, 0,030, 0. 000, 000000, 000000 &
0,1300, 3500, g40,0,  0.0130, 0. 000, 0.00000, 000000  #
0,0000, 0.0, 0.0, 00500, 0, 000, 000000, 000000 #
0,5100, 1400.0, 000,00, 01000, 0, 000, 0.00000, 000000 &
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 #
0,1300, 3h0,0, 840,0,  0.0130, 0. 000, 000000, 000000 &
0,1300, 3500, B40,0,  0.0130, 0. 000, 0.00000, 000000  #
0, 0000, 0,0, 0,0, 00500, 0, 0,00, 0.00000, 000000 #
0,5100, 14000, 10000, 01000, 0, 000, 000000, 000000 &
00000, 0.0, 0.0, 00500, 0, 000, 000000, 000000 #
0,1300, 350,10, a40,0,  0.0130, 0. 000, 000000, 000000 #
0,1300, 3a0.0, g40,0,  0.0130, 0. 000, 000000, 000000 &
0, 0000, 0.0, 0,0, 00500, 0, 0,00, 000000, 000000 #
0,5100, 14000, 000,00, 04000, 0, 000, 000000, 000000 &
00000, 0.0, 0.0, 00500, 0, 0,00, 000000, 000000 #
00,1300, k0,0, a40,0, 00130, 0, 000, 000000, 0,00000 &
0,1300, 3000, ado,0,  0.0130, 0. 000, 000000, 000000 &
00000, 0.0, 0.0, 00500, 0, 000, 000000, 000000 #
0,5100, 14000, 000,00, 04000, 0, 000, 000000, 000000 &
0,0000, 0.0, 0.0, 00500, 0, 0,00, 000000, 000000 #
00,1300, 50,0, g40.0,  0,0130, 0. 0,00, 0,00000, 0,00000 #

10

11

12

13

14
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# for each surface: inside face emissivity

0.910.910.910.910.910.900.910.910.910.910.910.910.910.91
# for each surface: outside face emissivity

0.910.910.910.910.910.900.910.910.910.910.910.910.910.91
# for each surface: inside face solar absorptivity

0.22 0.22 0.22 0.22 0.50 0.60 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22
# for each surface: outside face solar absorptivity

0.22 0.22 0.22 0.22 0.50 0.85 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22
# inside and exterior glazing maintenance factors

1.00 1.00

9.1.5 Operation files (.opr)
# operations of ceil_j defined in:
# ../zones/opr/ceiling.opr
cellings # operation name
# control(no control of air flow ), low & high setpoints
0 0.000 0.000
0 # no Weekday flow periods
0 # no Saturday flow periods
0 # no Sunday flow periods
2 #no Weekday casua gains
# Wkd: type, start, stop, sens, latent, rad_frac, conv_frac
2, 1, 24, 50.0, 0.0,0.600,0.400
2, 8, 18, 1275.0, 700.0, 0.600, 0.400
1 #no Saturday casual gains
# Sat: type, start, stop, sens, latent, rad_frac, conv_frac



2, 1, 24, 50.0, 0.0,0.600,0.400
1 #no Sunday casua gains

# Sun: type, start, stop, sens, latent, rad _frac, conv_frac
2, 1, 24, 50.0, 0.0,0.600,0.400

# Labels for gain types

Occupt Lights Equipt

# operations of toilets defined in:
# ../2ones/opr/entry.opr
entry # operation name
# control(no control of air flow ), low & high setpoints
0 0.000 0.000
2 #no Weekday flow periods
# WKkd: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1.000 0.000 O 0.000
2 #no Saturday flow periods
# Sat: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1.000 0.000 O 0.000
2 #no Sunday flow periods
# Sun: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1.000 0.000 O 0.000
3 #no Weekday casua gains
# WKkd: type, start, stop, sens, latent, rad_frac, conv_frac
1, 1, 24, 100.0, 70.0,0.200,0.800
2, 1, 24, 50.0, 0.0,0.600,0.400
2, 8,18, 200.0, 0.0,0.600,0.400
1 #no Saturday casua gains
# Sat: type, start, stop, sens, latent, rad_frac, conv_frac
2, 1, 24, 50.0, 0.0,0.600,0.400
1 #no Sunday casua gains
# Sun: type, start, stop, sens, latent, rad frac, conv_frac
2, 1, 24, 50.0, 0.0,0.600,0.400
# Labels for gain types
Occupt Lights Equipt

# operations for silly spaces defined in:
# nil.opr
# operation name
nil
# control(no flow control ), low & high setpoints
0 0.000 0.000
0 # no weekday flow periods
0 # no Saturday flow periods
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0 # no Sunday flow periods
0 # no weekday casua gains
0 # no Saturday casua gains
0 #no Sunday casual gains

# operations of Unit_e defined in:
# ../zones/opr/occup_offices.opr
ocup_off # operation name
# control(no control of air flow ), low & high setpoints
0 0.000 0.000
2 #no Weekday flow periods
# Wkd: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1.000 0.000 O 0.000
2 #no Saturday flow periods
# Sat: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1.000 0.000 O 0.000
2 #no Sunday flow periods
# Sun: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1000 0.000 O 0.000
6 # no Weekday casua gains
# Wkd: type, start, stop, sens, latent, rad_frac, conv_frac

3, 1, 24, 100.0, 40.0,0.500,0.500
3, 8,18, 600.0, 0.0,0.400, 0.600
2, 1, 24, 100.0, 0.0,0.600, 0.400
2, 8, 18, 2550.0, 0.0,0.600, 0.400
1, 1, 24, 0.0, 0.0,0.500,0.500
1, 8, 18, 1343.0, 637.0,0.200, 0.800
3 #no Saturday casual gains
# Sat: type, start, stop, sens, latent, rad frac, conv_frac

3, 1, 24, 100.0, 40.0,0.500,0.500
2, 1, 24, 100.0, 0.0,0.600, 0.400
1, 8, 18, 100.0, 70.0,0.200,0.800
3 #no Sunday casua gains

# Sun: type, start, stop, sens, latent, rad_frac, conv_frac
3, 1, 24, 100.0, 40.0,0.500, 0.500
2, 1, 24, 100.0, 0.0,0.600, 0.400
1, 8,18, 100.0, 70.0,0.200, 0.800

# Labelsfor gain types

Occupt Lights Equipt

# operations of Unit_b defined in:
# ../zones/opr/offices_bg.opr
small_off # operation name
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# control(no control of air flow ), low & high setpoints
0 0.000 0.000
2 #no Weekday flow periods
# Wkd: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1.000 0.000 O 0.000
2 # no Saturday flow periods
# Sat: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1.000 0.000 O 0.000
2 #no Sunday flow periods
# Sun: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1000 0.000 O 0.000
6 # no Weekday casua gains
# Wkd: type, start, stop, sens, latent, rad_frac, conv_frac
3, 1, 24, 100.0, 40.0,0.500,0.500
, 18, 600.0, 0.0, 0.400, 0.600
, 24, 100.0, 0.0, 0.600, 0.400
, 18, 1940.0, 0.0, 0.600, 0.400
, 24, 00, 0.0,0.500,0.500
, 18, 1032.0, 500.0, 0.200, 0.800
# no Saturday casual gains
type, start, stop, sens, latent, rad_frac, conv_frac
3, 1, 24, 100.0, 40.0,0.500,0.500
2, 1, 24, 100.0, 0.0,0.600, 0.400
1, 8, 18, 100.0, 70.0,0.200, 0.800
3 #no Sunday casua gains
# Sun: type, start, stop, sens, latent, rad_frac, conv_frac
3, 1, 24, 100.0, 40.0,0.500,0.500
2, 1, 24, 100.0, 0.0, 0.600, 0.400
1, 8, 18, 100.0, 70.0,0.200,0.800
# Labelsfor gain types
Occupt Lights Equipt

0Ok 00k

3,
2,
2,
1,
1,
3
Sat:

#

# operations of roof defined in:
# ../zones/opr/roof.opr
roof # operation name
# control(no control of air flow ), low & high setpoints
0 0.000 0.000
1 #no Weekday flow periods
# Wkd: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
1 #no Saturday flow periods
# Sat: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
1 #no Sunday flow periods
# Sun: start, stop, infil, ventil, source, data
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1,24, 0500 0.000 O 0.000
2 #no Weekday casua gains
# Wkd: type, start, stop, sens, latent, rad_frac, conv_frac
2, 1, 24, 100.0, 0.0, 0.600, 0.400
2, 8, 18, 6000.0, 700.0, 0.600, 0.400
1 #no Saturday casual gains
# Sat: type, start, stop, sens, latent, rad_frac, conv_frac
2, 1, 24, 100.0, 0.0, 0.600, 0.400
1 #no Sunday casua gains
# Sun: type, start, stop, sens, latent, rad frac, conv_frac
2, 1, 24, 100.0, 0.0, 0.600, 0.400
# Labels for gain types
Occupt Lights Equipt

# operations of Unit_cd defined in:
# ../zones/opr/unoccup_offices.opr
unocp_of # operation name
# control(no control of air flow ), low & high setpoints
0 0.000 0.000
2 #no Weekday flow periods
# WKkd: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1000 0.000 O 0.000
2 #no Saturday flow periods
# Sat: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1.000 0.000 O 0.000
2 #no Sunday flow periods
# Sun: start, stop, infil, ventil, source, data
1,24, 0500 0.000 O 0.000
7,18, 1000 0.000 O 0.000
3 #no Weekday casual gains
# WKkd: type, start, stop, sens, latent, rad_frac, conv_frac
3, 1, 24, 100.0, 40.0,0.500, 0.500
2, 1, 24, 100.0, 0.0, 0.600, 0.400
1, 1, 24, 0.0, 0.0,0.500,0.500
3 #no Saturday castel gains
# Sat: type, start, stop, sens, latent, rad_frac, conv_frac
3, 1, 24, 50.0, 40.0,0.500,0.500
2, 1, 24, 50.0, 0.0,0.600,0.400
1, 8,18, 500, 70.0,0.200,0.800
3 #no Sunday casual gains
# Sun: type, start, stop, sens, latent, rad_frac, conv_frac
3, 1, 24, 50.0, 40.0,0.500,0.500
2, 1, 24, 50.0, 0.0,0.600,0.400
1, 8, 18, 50.0, 70.0,0.200, 0.800
# Labels for gain types
Occupt Lights Equipt
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9.1.6 Transparent Constructions files (.tmc)

# transparent properties of Unit_a defined in ../zones/Unit_atmc
13 # surfaces

# tmc index for each surface
0000000000111
3 DCF7671_06nb # layersin tmc type 1

# Transmission @ 5 angles & visibletr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag

# transparent properties of Unit_b defined in ../zones/Unit_b.tmc
9 #surfaces

# tmc index for each surface
000000001
3 DCF7671_06nb # layersin tmc type 1

# Transmission @ 5 angles & visibleftr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag

# transparent properties of Unit_cd defined in ../zones/Unit_cd.tmc
13 # surfaces

# tmc index for each surface
0000000001100
3 DCF7671_06nb # layersin tmc type 1

# Transmission @ 5 angles & visibletr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag
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# transparent properties of Unit_e defined in ../zones/Unit_e.tmc
12 # surfaces

# tmc index for each surface
000000000111
3 DCF7671_06nb # layersin tmc type 1

# Transmission @ 5 angles & visibleftr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag

# transparent properties of Unit_f defined in ../zones/Unit_f.tmc
13 # surfaces

# tmc index for each surface
0000000000111
3 DCF7671_06nb # layersin tmc type 1

# Transmission @ 5 angles & visibletr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag

# transparent properties of Unit_g defined in ../zones/Unit_g.tmc
9 #surfaces

# tmc index for each surface
000000001
3 DCF7671_06nb # layersin tmc type 1

# Transmission @ 5 angles & visibleftr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag
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# transparent properties of Unit_hi defined in ../zones/Unit_hi.tmc
13 # surfaces

# tmc index for each surface
0000000001100
3 DCF7671_06nb # layersin tmc type 1

# Transmission @ 5 angles & visibleftr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag

# transparent properties of Unit_j defined in ../zones/Unit_j.tmc
12 # surfaces

# tmc index for each surface
000000000111
3 DCF7671 _06nb # layersin tmc type 1

# Transmission @ 5 angles & visibletr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag

# transparent properties of ceil _chi defined in ../zones/ceil _chi.tmc
18 # surfaces

# tmc index for each surface
011100000000000000O0
3 DCF7671_06nb # layersintmc type 1

# Transmission @ 5 angles & visibleftr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag
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# transparent properties of corid 1 defined in ../zones/corid_1.tmc
13 # surfaces

# tmc index for each surface
0000011100111
3 DCF7671_06nb # layersin tmc type 1

# Transmission @ 5 angles & visible tr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag

# transparent properties of corid_g defined in ../zones/corid_g.tmc
13 # surfaces

# tmc index for each surface
0000011100111
3 DCF7671_06nb # layersin tmc type 1

# Transmission @ 5 angles & visible tr.
0.611 0.583 0.534 0.384 0.170 0.760

# For each layer absorption @ 5 angles
0.157 0.172 0.185 0.201 0.202
0.001 0.002 0.003 0.004 0.005
0.117 0.124 0.127 0.112 0.077
0 # blind/shutter control flag
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