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INTRODUCTION 

T he Australian Nationwide House 

Energy Rating Scheme arose as a 

result of a commitment by Com

monwealth, State and Territory govern

ments to improve the energy efficiency of 

buildings. The objectives of the scheme are: 

to assist the public and the building 

industry to identify the extent to 

which a new or existing house has 

the potential , through its design and 

construction, to be of high efficiency 

in its use of space heating and 

cooling energy; 

to facilitate rating of the thermal 

efficiency of dwelling design and 

construction, in a manner that is 

nationally coordinated and 

consistent, and is regionally sensitive 

to variations in climate, housing 

design and other factors. 

Although there have been previous attempts 

to develop such schemes in Australia, this is 

the first adequately-funded nationwide ini

tiative of this type. The scheme has been 

undergoing development since 1993, when 

Professor John Ballinger, of the School of 

Architecture, was appointed Project Man

ager through UNISEARCH, University of 

New South Wales. 

SCOPE OF THE SCHEME 

As well as the very common detached sin

gle-family houses, the scheme will also en

compass medium-density housing develop

ments as well as low-rise apartment build

ings (the last two are undergoing something 

of a boom at present in the inner suburbs 

of some of our major cities). It should be 

noted in passing that the energy efficiency 

of other building types, such as office tow

ers, will be dealt with by the Building En

ergy Code of Australia, which is also cur

rently under development. 

Ac this stage, the NatHERS scheme 

does not include the efficiency of household 

appliances (e.g. hot water systems), nor the 

efficiency of the heating and cooling plant 

irsel£ That is, it concentrates on the effi

ciency of the building envelope, assessed in 

terms of space heating and cooling energy 

requirements. Appliances and plant effi

ciency may be included in the future. 

The scheme will be applied Australia

wide. This imposes its own set of problems, 

owing to the very wide range of climates 

char must be accommodated, ranging from 

alpine to hoc-humid. A consequence of this 

is the wide range of heating and cooling 

patterns, and more importantly, the fact that 

in some locations heating and cooling is not 

normally needed or used. While the rating 

scheme software now deals with uncondi

tioned buildings, ratings issues for these cases 

are still to be addressed. 

Dwellings will be rated on a scale of 0 

to 5 stars. In recognition of the fact that 

this is a joint Federal/State initiative, the 

actual implementation of the scheme will 

be the responsibility of individual States, 

subject to consistency requirements. 

TECHNICAL BASIS 

It was decided quite early in the develop

ment process that the rating would be based 

on computer simulation of the building, 

using hourly calculations over a full year. 

The CHEETAH package, developed by the 

CSIRO Division ofBuilding, Construction 

and Engineering, was chosen as the basis 

of the simulation tool (CHEETAH was one 
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of the programs that participated in the 

recent IEA Task 21C/12B empirical vali

dation exercise). To satisfy the needs of the 

scheme, CHEETAH underwent consider

able development and enhancement. The 

resulting software package is called 

NatHERS. 

The front-end 
CHEETAH's DOS-based front-end was re

placed by a Windows-based franc-end using 

Borland's Object-Vision software. An early 

version had originally been developed by the 

Gas and Fuel Corporation of Victoria as a 

front-end to CHEETAH's simulation en

gine, and was therefore able to be modified 

quickly to meet the tight deadline for this 

phase of the development. 

Data entry is via four main screens or 

forms: a Main form, which contains the basic 

job details and gives access to the other forms 

Miiilf; a Construction form, which al

lows the user to select a main and two alter

native constructions for the windows, walls, 

floors, etc &om drop-down lists WWW; 
the Dimensions form, in which lengrhs and/ 

or areas are entered for the various elements 

on subsidiary zone forms; and a General 

form, in which information about infiltra

tion and the potential for cross-ventilation 

is entered via simple Yes/No responses. In

formation about indoor and outdoor user

operable shading devices, and fixed shading 

from overhangs, pergolas and ocher build

ings, is also entered in these forms. 

The current front-end deliberately 

restricts the full flexibility of the simula

tion engine in the interests of keeping che 

data input requirements to a minimum. 

For example, only four habitable zones are 

allowed: Living, Bedroom, Other Condi

tioned (which muse be classified as a type 

Living or Bedroom), and Unconditioned 

(e.g. laundries, attached garages and other 

service areas). Roofspace and sub-floor 

zones are formed automatically (if neces

sary). Similarly, because its primary pur

pose is as a rating tool, there is no provi

sion for the user to change the data for 

occupant behaviour, e.g. times of heating 

and cooling, and operation of curtains, 

external blinds, and windows. 

While the current front-end is ad

equate, it is clear that the choice of soft

ware has imposed some limitations and 

difficulties that we could all do without. 

Thus it is intended to replace the existing 

front-end by a much better version within 

a year or so. 
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The new glazing model allows . 

the NatHERS software to offer the 

user a list of six glazing rypes (three 

single glazings and three double 

glazings) and three frame types 

(aluminium unbroken, aluminium 

broken, and timber/PVC). Future 

developments will allow cusrom 

glazings to be simulated. 

An improved model of heat flow 

from concrete slab-on-ground floors. 

This is based on my mathematical 

model of steady-state and time

dependent slab heat flows, developed 

over a number of years and refined 

by others. However edge insulation is 

not yet included. 

Simultaneous heating and cooling in 

up to three zones. Unlimited heating 

and cooling capacity is assumed and 

inter-zonal heat flows are taken into 

~~---~-----:---~~--~~~ ..... -------~------,..~ .. ~. account simultaneously, so that any 

tr-"T"----:-~~~"".'""--~-'""".!'"o;:::~=::':":~~::==::----"".'""------ll-•-;'Pr1 combination of thermostat settings is 

d 

iit!!l!if j Construction Form - Select Constructions 

The Simulation Engine 
The CHEETAH simulation engine is 

based on the zone response factor method, 

which in tum is based on analytical solu

tions of one-dimensional heat flow through 

multi-layer building elements with con

stant properties. For the NatHERS devel

opment, the engine was enhanced in a 

number of ways. The most important were: 

An improved glazing model. The 

original engine used the shading 

coefficiem concept to model any 

glazing other than clear single 

glazing. The new model directly uses 

data on the overall transmittance, 

and absorptance of each pane, as a 

function of angle of incidence, to 
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calculate solar heat gains. Outdoor 

convective heat transfer coefficients 

are calculated from a correlation 

developed from the recent Mo Witt 

measurements for low-rise glazing in 

the USA. This correlation depends 

on local wind speed and surface 

temperature. Interestingly, it yields 

considerably lower convective 

coefficients than have been used by 

some simulation programs. The 

modelling of the window frame is 

also improved, taking into account 

its area, solar absorptance as a 

function of angle of incidence, and 

U-value (but not its thermal 

capacirance). 

always achieved at the end of each 

hour. While this precision is 

recognised as being rather unrealistic, 

it is useful for ratings purposes. 

Output Reporting 
The reporting facility produces several sim

ple output screens. The main screen gives 

a brief building description, and the an

nual total heating, sensible cooling and la

tent cooling energy requirements for the 

conditioned zones (in MJ/m 2 of condi

tioned floor area) . If appropriate it also 

shows the star rating for the building, 

which is calculated from the energy total 

Mi@lliifl. When the building is run in 

rating mode, the Living, Bedroom and 

Other Conditioned (if it exists) zones are 

automatically conditioned and a star rat

ing displayed. If the building is run in non

rating mode, the user can choose to heat 

and/or cool any or none of these zones. 

Energy totals are still displayed, but a star 

rating is not given. 

Two other output screens are avail

able, which give information about the 

temperatures in the zones. The user can 

configure the temperature reports by 

choosing the months or seasons of inter

est (the latter being user-definable), the 

zones, and, for each zone, the times of 

interest (e.g. waking or sleeping hours, or 

any sub-set of the 24 hours), and the up

per and lower limits of the comfortable 

temperature range. The degree hours 

screen then gives the number of 



underheating and overheating degree 

hours for each zone chosen. The overheat

ing degree hours are simply the cumula

tive difference between the zone tempera

ture at each hour and the specified upper 

limit of the comfort range (whenever this 

is positive) for the chosen times and pe

riod. Underheating degree hours are de

fined similarly. Finally, the tern perature 

information can be displayed as histo

grams of occurrences of temperatures in 

1-degree bins, for the chosen zones, hours 

and period. Bars below the lower comfort 

limit are coloured blue, those within the 

comfort range are coloured green, while 

those above the comfort range are coloured 

red wm;n If ceiling fans were chosen 

in a zone, the upper limit of the comfort 

range is increased by 3 degrees, which is 

an estimate of the effect of such fans on 

the apparent temperature. 

The temperature information screens 

were developed as a first attempt to cater 

for warm-humid climates, where houses 

may be completely unconditioned. How

ever, a method for deriving a star rating 

from temperature information for an un

conditioned house has not yet been de

veloped. 

Weather Data 

Validation 
As part of the development process, the en

hanced CHEETAH engine (now known as 

CHENATH) underwent two specific vali

dation exercises. The first was a repeat of 

the above-mentioned IEA Empirical Vali

dation exercise (admittedly in non-blind 

mode). Initially the objectives were simply 

to check that the enhancements had not in

troduced errors into the program, and to 

further investigate areas of difficulty identi-

fied by the IEA results and report. As this 

work progressed, the new glazing model be

came available, and so this was compared 

with the old model. The exercise proved to 

be very useful: some of the problems that 

had been experienced with CHEETAH were 

simply due to differences in timing conven

tions between CHEETAH and the meas

urements (a common pitfall!), which disap

peared when a new and more detailed 

method was developed to account for the 
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NatHERS V2.01 Ii.: 

Mirn.Q.i The Nationwide House Energy Rating Scheme 

Job Name: EXAMPLES Run Nwnber: 4 
Client: Brian Tolmey Address: 3 Bullfrog Crt. Shepparton 3629 
Description: Example from User Gulde. See Fig. 4 
Ratlng Agency: Shepparton Council Date: 28/5/96 
Climate Zone: 20 

**** Heated I Coored 
Wving lll&Cl x I x 

_t_,_ --
18edrooms ~ x I I 0ther x x -- 4 STARS 

Results: Heating Energy required: 254 :MJ/m2. annum (l 1 kWh/m2.annum) 
Sensible Cooling Energy required: 99 :MJ/m2.annum (27 kWh/m2 annum) 
Latent Cooling Energy required: 6 :MJ/m2.annum (2 kWh/m2.annum) 
Heated Floor Area: 112 m2 (out of 152 m2) 
Cooled Floor Area: 112 m2 (out of 152 m2) "i' Hourly weather data (dry and wee-bulb 

temperature, wind speed, cloud cover and 

direct and diffuse solar radiation) for one 
year is required for the NacHERS soft- Qt!!i!iil Main Form - Star Rating 
ware. The key problem is solar radiation. 

Solar radiation measuring stations are very 

sparse in Australia, and only 59 sites were 

available chat contained sufficient data; 

even then for some sites the solar data was 

estimated from cloud c;:over and other pa

rameters. A study of the problem of de

termining a suitable weather data set for 

every location in Australia showed that 28 

sites could be used to adequately cover the 

country. Each postcode is associated with 

one of the 28 data sets. Long-term aver

age data, simulation of building perform

ance, and any other relevant information 

was used to determine the association 

where hourly data were not available. 

Some postcodes cover a very large area, 

and may straddle two or more climate 

zones. These have two or more data sets 

associated with chem, one of which must 

be selected by the user. The relevant 

weather data file is automatically called up 

when the user enters the building's post

code on the main input data form. 

== Report ..... 
flle AFL Iemperature _(nergy Help El$1t 

Qt!!iiijl Temperature Report 
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differences. The comparisons also suggested 

that no new errors had been introduced. 

Finally, the new single-glazing model per

formed much better than the old in terms 

of free-running temperature predictions, and 

it was clear that the improvement was largely 

attributable to the lower convective heat 

transfer coefficients. 

For the second exercise, CHENATH 

was put through the IEA BESTEST pro

cedure, which was also very us_eful. No 

major errors could be detected. However, 

CHENATH consistently overpredicted 

annual cooling energy and peak heating and 
cooling demands. This was almost certainly 

attributable to the fact that the program 

calculates and controls an environmental 

temperature, not a pure air temperature. 

Further analysis of the results showed, en

couragingly, that its prediction of percent

age changes from a base case always agreed 

very well with the reference programs. 

IMPLEMENTATION ISSUES 

At present the NatHERS software does not 

convert annual energy requirements to a star 

rating, since this is still a subject of negotia

tion between the States and Territories. One 

of the problems with using absolute ener

gies to determine star bands is that they be

come outdated as the software is improved 

or just changed (for example, if thermostat 

settings are changed). One proposal under 

consideration is to use relative values, by 

comparing results for a particular house to 

those obtained for a reference house using 

the same simulation program. 

While the NatHERS software is the 

reference software for the scheme, it is not 

intended to be the only software that can be 

used to issue ratings. Other programs will 

be able to be used, provided that they have 

been accredited. The accreditation process 

is currently under development, and is likely 

to be based on the BESTEST concept. One 

example of other software already available 

is that developed by the Victorian Govern

ment, who developed their HERS before the 

Nationwide scheme. Their software is based 

on a points score system, whereby each build

ing component is assigned a certain number 

of points, which are calculated from correla

tion equations between hearing and cooling 

energy and building characteristics. These 

equations were distilled from many 

CHENATH runs of variations on a proto

typical house. The aggregate points are then 

used to determine the star rating. The ad-

• ibpsaNEWS 

vantage of chis system is that the calculation 

is instantaneous. The disadvantages are that 

it is less accurate, and rends to get out of 

step with the simulation engine as the latter 

is progressively improved. 

CONCLUSION 

The wide range of climates and patterns of 

heating and cooling found in Australia 

present a significant challenge to the de

velopment of a truly nationwide house 

energy rating scheme. Although some tech

nical and administrative issues still remain 

to be resolved, considerable progress has 

been made over a short period of time. The 

next year or so should prove to be very in

teresting. 

A New User Interface for 
HTB2 

Don K. Alexander, Welsh School of Architecture1 

HTB2, a general purpose model for the simulation of energy flows and 
environmental conditions in buildings, will be re-released with a new PC/ 
Windows interface later this year. HTB2 has been thoroughly tested in IEA 
Annex 21 and other model comparison and validation exercises, and is well 
established within the research community in the UK The new interface 
described in this paper will strengthen its exist-ing user base and make it 
more attractive for use in education and practice. 

H 
TB2 is a multi-zone model ca 

pable of dealing with problems 

involving complex fabric, venti

lation, services and occupancy. It can pro

duce detailed output, at variable time and 

data rates, and is simple, flexible and 

extendible. 

The core program is a descendent of 

research codes dating back to the mid '70s. 

The original HTB model was a simple fi

nite difference model, but its capabilities 

have been progressively revised and extended. 

HTB2, released in 1985, made a major step 

forward in programming and documenta

tion standards, as well as in functionality. 

In HTB2 the finite difference time slicing 

approach led to a simple framework in which 

each component could be isolated, but still 

fully featured. This was used to simplify the 

coding of the model, leading to an easily 

maintained and updated program. 

HTB2 is aimed largely at research and 

education users; its structure is flexible, eas

ily understood and modifiable. The detailed 

data structures allow the user to investigate 

both the operation of a particular feature, 

such as a thermal storage element, and the 

interactions of features, such as the effect of 

heating system types on the energy charac

teristics of a passive solar house design. 

The new interface makes HTB2's 

power much more accessible. The PC pack

age requires Windows 3.1 (or Windows95) 

and a DX386 or better processor. The soft

ware will be made available as a standalone 

program suite, or on request as a SDK with 

libraries and/ or source code included. The 

core calculation engine is portable and has 

been tested on many platforms, ranging 

from 16bit PCs through to mainframe su

per-computers. 

The fabric modelling facilities, sum

marised inllml, allow the thermal per

formance of building elements to be stud

ied both in space and in time. 

The flexibility of the heating system 

descriptions allow the system characteris

tics of a number of common systems to be 

1 Welsh School of Architecture. UWCC, Bute Building, King Edward VII Avenue, Cardiff CFJ 3AP. 
United Kingdom. Fax (44) 1222 874623 email HTB@Cardiff.AC. UK 
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emulated @MF! 
The structure of HTB2 makes it easy 

to airer or to add new functionality: there 

are linkage points for external users' code 

allow the creation and modification of 

building descriptions. 

The Scheme editor @HIM high-

lights the underlying thermal network 

rather than the 

physical appearance 

of the design. This 

construction 
details 

forces designers to 

consider their design 

in thermodynamic 

components. The 

Construction editor 

reaching medium within the Welsh School 

of Architecture in both the undergraduate 

and postgraduate courses. Developments 

to the new interface provide "real-time" 

views of the effect and interactions of ther

mal mass, solar gains, shading and occu

pancy regimes. The model has few con

straints on the input problem. As a result 

it is possible to move from a simple tuto

rial visualising the temperature and heat 

flows in an isolated wall that result from a 

periodic fluctuation in "external" tempera-

apaUal 
connections 

surface treabnents, 
colour etc. 

~~11•tu~:11:1:: 
17:00 -~---

~?,:~p ~~::;;iiiiF-·-~3! 
_ in •:n 
- 3:00 

Time 

within the calculation stream and data 

structures. These provide workbench ac

cess for testing and refining new algorithms 

or procedures. More fundamental changes 

in the code can also be undertaken; exter

nal users have linked HTB2 to other simu

lation software such as HVACSIM+ (a fully 

feature plant simulation) and ESL (a gen

eral simulation language). In these cases, 

HTB2 has become a module of the larger 

overall simulation, handling the calculation 

of the building components. 

Despite all this flexibility HTB2 has 

remained conceptually simple. This has 

been a strength in research applications and 

makes the model particularly suitable for 

use in teaching. The recently developed 

Windows interface provides ease of use that 

was not possible in a text driven environ

menc and makes it possible for undergradu

ates to start making effective use of power

ful dynamic simulations very quickly. 

The Scheme and Construction editors 

Ina Id 

file fdll YJew Help 

Current Time: 13:30: O 1/ 1/1992 
Run :BRE bungalow test 1, v2.0 standard 
Project :BRE typo bungalow 
Service :full systems 

Space AllC Te911u::ac.uce IC) OUz;sid• : 7.l'l 
l 2 

.L9 0 13 . J 

16 , 3 H , O 
allows composite el
ements such as walls 

s,..r. .. He.r;inq Dur.p~ lkV) 
3.31 

to be created, either 

from scratch or by 

editing standard 

types from a library, 

Paa1.ed BAEBUNGL.iTOP; 

using a simple dis-

play of the properties of their components. 

The Run Monitor!H@illlil facilitates 

control and monitoring of the simulation 

calculations. It provides a view into rhe cal

culation results as they proceed, through 

configurable strip-charts. This allows both 

the validity of a simulation to be verified, 

and the development of insight into the 

operation of the simulated building. 

A Data Viewer allows the extraction 

and translation of HTB2 calculation re

sults. As well as simple printout and 

graphic views of results, the Data Viewer 

exports data to other more complex analy

sis or reporting so&ware. 

HTB2 is used as a demonstration and 

ture, through to a full simulation of the 

environment conditions within an office 

block, within the same programme. 

The enhanced functionality and ease 

of use provided by a Windows interface 

open~ new doors in the preparation of dem

onstration material. This applies not only 

within a University environment but also 

in practice, where targeted Computer Aided 

Teaching courses using simulation to explore 

the thermal issues arising in passive solar de

sign, solar shading, ventilation etc. can be 

prepared to develop practitioners' profes

sional skills as well as their designs. 

For further information about HTB2 

pkase contact Don Akxander. 
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