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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

A building design is typically created by a collaboration of professionals. Whilst the advent of BIM tools makes the assessment 
of the performance of an iterative design possible, these tools are not commonly used, due to traditional practice prevailing, 
technical limitations including differing data formats, and industry resistance to innovation. Timely consistent feedback 
throughout the design process, as major design decisions are made, could enable the enhancement of energy efficiency. However, 
current design guidelines are typically not in digital rule form, preventing the automated checking and validation of developing 
design models. Furthermore, architectural design tools have poor connections to thermal and environmental analysis software, 
which is exacerbated by a lack of knowledge of the data requirements of other disciplines both upstream and downstream. This 
paper explores the potential for embedding parameters within architectural model files to enable the enhancement of energy 
efficiency at the design stage and through the design process. It explores the architectural to energy analysis data exchanges, and 
demonstrates the way in which energy efficiency parameters can be embedded within model files to inform decision making at 
the conceptual design stage. The paper found that by using tools readily available, it is possible to add value during the design 
process through the use of BIM, with improved design outcomes as the result.  The need to develop new workflows between the 
disciplines as a result of this different approach was highlighted. This enhanced practice is more responsive and can support 
better communication within project teams through providing timely information and feedback, providing analysis before 
optimisation for energy efficiency. 
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1. Introduction 

Globally, buildings are responsible for over one third of final energy consumption and the greenhouse gas 
emissions related to the generation of that energy [1]. It has been asserted that it is simpler to save energy than to 
produce it [2], thus, the importance of ensuring the energy efficiency of buildings for a range of reasons is now well 
established. Energy efficiency, or passive design measures are employed to minimise the energy consumption of a 
building relating to thermal comfort, lighting, vertical transportation, and hot water. With the aim of delivering a 
desired level of energy efficiency, energy simulation tools are now commonly used within the building design 
process in order to predict the energy required to provide internal environmental comfort. 

In addition to the move to deliver energy efficient buildings, the methods used within the design process have 
also been changing, from paper or 2D Computer Aided Design (CAD) to Building Information Modelling (BIM). 
The use of BIM can offer many benefits including: improved accuracy, time savings, more rigorous design and 
analysis processes, and the ability to predict environmental and lifecycle performance [3]. However, interoperability 
between BIM and energy simulation tools is currently problematic [4], often resulting in architects designing a 
building in one model and an energy consultant reproducing that design within a Building Energy Model (BEM) [5]. 
Project collaboration is necessary to integrate passive design principles as they impact a large number of interrelated 
building parameters, which are dealt with by a range of building professionals. Traditionally this process has not 
been efficient from the exchange of discipline input, especially geometry. Major decisions that influence energy 
efficiency are made in concept design phase when little information is available, and often before collaboration with 
specialists is possible [6]. It is therefore necessary to improve the integration of energy simulation tools with the 
design process. Digital workflows have significant potential to assist in this integration. 

The aim of this paper is to explore ways in which both energy and spatial parameters can be embedded within 
model files to enable varying levels of analysis to be undertaken at various design stages, and thus inform the 
iterative design decision making process. The paper is structured as follows: Section 2 presents the current 
constraints in terms of BIM and energy assessment interoperability, Section 3 then illustrates examples of model 
content specifications for digital exchange, before model parameter placement is demonstrated in Section 4, and the 
potential for implementation in Australia is discussed in Section 5. Finally the paper concludes in Section 6. 

2. Current problems 

2.1. Lack of model content specification clarity  

The building design process can include a number of disciplines that jointly create a ‘building database’. Each 
requires information such as geometry and building element data from the other to complete their work. Current 
practice mutually excludes Architects from early stage energy evaluations of their building designs and building 
services engineers from the geometric design process their energy evaluations could inform [7]. Thus there is at least 
a need for smooth communication and data exchange between the disciplines. Building design analyses used to 
inform energy efficiency have particular requirements of building geometry and data. Architects rarely create the 
type of “air-tight” models that engineers require for thermal analysis, as they are unaware of issues for engineers, do 
not see it as their task to model for those purposes, or have never done that previously. Their models are often 
‘heavy’ in size, having too much geometric detail, even at early design phases, for energy analysis and can overload 
analysis software. So engineers start all over again, to create appropriate stripped down geometry for their own 
purposes. In this case, project collaboration is not taking advantage of digital exchange possibilities, so creating a 
duplication of 3D geometries by different disciplines, due to poor upstream information that has been provided, or 
lack of knowledge of their discipline requirements [5]. This duplication can lead to errors of data transfer, multiple 
databases of what should be the same information, not supporting a single source of data. Furthermore, this lack of 
integration fails to support an iterative design process which could help to connect the energy performance with the 
geometric design, ultimately improving the performance of the building [7]. Some of the project data required for 
early phase energy analysis is easy to define and communicate, such as: site information, weather data, climate zone, 
building usage and assumed occupancy schedule. Other data can be more complex, uncertain or ambiguous such as: 
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building form, building material physical properties, internal layout, and thermal zoning. Interpreting these from 
early project information is often unreliable and cumbersome, as they are often part of the iterative process. 

2.2. Interdependence of responsibility 

Another complication is the interdependence of the physical properties of building elements, such as walls, which 
are often dealt with independently by separate discipline consultants, and can potentially be in conflict. These 
potentially conflicting properties include: R-value, acoustic rating, fire rating and compartmentation, structural 
usage, and reflectivity. At some point, the project manager has to make the appropriate selection to satisfy all 
requirements.  

2.3. Lack of digital regulation and assessment tools  

Current mandatory legislation and design guidelines in Australia, such as the National Construction Code (NCC), 
Building Code of Australia (BCA) and the New South Wales Apartment Design Guide (ADG) are not in digital rule 
form, thus preventing the automated checking and validation of developing design models for necessary properties 
and parameter values. Manual assessment of building designs is time consuming and potentially imprecise, and 
without the ability to automatically reassess an amended design. Digital workflows could enhance and change the 
nature of this collaboration and assessment process. 

3. Examples of model content specifications for digital exchanges  

3.1. General Services Administration 

In 2003, the General Services Administration-Public Buildings Service from the USA, established the ‘National 
3D-4D BIM Program’ which contained a long term strategy for the implementation of BIM for their portfolio of 
assets [8], [9]. This initiative, from a significant client, has helped to guide the development of industry software and 
it is now widely used by design and construction professionals.  
At present there are eight GSA Building Information Modelling guides. One output from this program is the GSA 
Building Information Modelling Guide Series 05 – Energy Performance [10] which defines phases and data required 
for analysis for energy efficiency: 
 Preliminary Concept Design (Phase 4) 

o Content: Site location, building orientation, massing, and default assumptions  
o Purpose: Quickly assess large-scale impacts of design alternatives  

 Final Concept Design (Phase 5) 
o Content: Building geometry, preliminary layout, construction, mechanical equipment, and intermediate 

assumptions  
o Purpose: Evaluate and compare proposed design schemes, intermediate analysis, preliminary code 

compliance  
 Design Development (Phase 6) 

o Content: Building geometry, detailed layout, detailed construction and envelope design, mechanical 
equipment, building controls, and detailed assumptions  

o Purpose: Estimate final design energy performance, detailed analysis, preliminary code compliance  
The above descriptions provide general intent, but there is a need to define more precisely the content of building 
models concerning the types of objects, their parameters and range of values required at each phase.  

3.2. BuildingSMART International 

BuildingSMART International, formerly the International Alliance for Interoperability was established in 1994 to 
address the lack of interoperability of building and construction software. One aspect of their work has been to 
define data exchanges at different project phases for specific purposes. These are called Information Delivery 
Manuals (IDM), based on Model View Definitions (MVD). For energy analysis, the IDM for BIM Based Energy 
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