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Abstract 

 

Adapting Building Information Modeling (BIM) 

for Affordable & Sustainable Housing 

 

 

 

 

Justin Firuz Dowhower, M.S.S.D. 

The University of Texas at Austin, 2010 

 

Supervisor:  Steven A. Moore 

 

The purpose of this thesis is to determine if Building Information Modeling 

(BIM) is an effective means for encouraging stakeholder collaboration throughout the 

building design/construction process and improving upon affordable and sustainable 

strategies for infill housing development. 

The research methodology includes literature reviews, interviews, case studies, 

simulations, and experimentations.  Literature reviews include documentation regarding 

BIM, housing affordability and policy, sustainable design strategies, and integrated 

design practice.  I conducted interviews with local stakeholders who had participated in 

local affordable/sustainable housing projects.  The primary case study was the Alley Flat 

Initiative (2003-2010) which I had the opportunity to be involved with in various 

capacities as a participant observer.  Simulations were performed using a BIM software 
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tool to ‘redesign’ the first Alley Flat Initiative prototype and compare design workflows.  

Finally, experimentation was done involving the instruction of BIM software and 

exploring its use within an academic design studio environment. 

The findings indicate four significant conclusions.  First, the research suggests 

that inflated soft project costs (overhead, administration, and services) can be reduced if 

local city governments were to adopt BIM in conjunction with housing review and 

permitting processes.  In addition, the city could use BIM data to quantify building 

impacts on energy and resources over time.  Second, sustainability innovation can be 

easier to integrate within a BIM workflow due to the high-capacity of the software to 

exchange information with third-part analysis tools.  One particular barrier that must be 

overcome, however, are financial barriers due to software and staff training costs 

associated with BIM technology.  Third, BIM requires ‘front-loading’ projects with more 

information earlier in the design process, which encourages greater transparency and 

more direct collaboration between stakeholders.  A fully leveraged BIM workflow may 

not be feasible beyond local small-scale architects and builders due to the relatively steep 

learning curve and higher software costs, but a hybrid approach might be possible 

depending on how residential construction practices and BIM software development 

evolves in the near future.  And fourth, BIM can make project information centralized, 

accessible, and long-lasting – serving as a communication and learning tool across 

disciplines and between expert and non-expert participants. 

The product of this research includes recommendations for all stakeholder groups 

engaged in leveraging BIM for affordable and sustainable housing development.  

Additional related topics of inquiry which fell outside the scope of this research are also 

included for future investigation. 
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Chapter 1: Introduction 

The concept of sustainable and affordable infill housing is an emerging strategy 

for combating pressures of suburban sprawl and urban gentrification, but it has only had 

limited success in U.S. cities.  This research began by asking the question:  What are the 

barriers and/or opportunities for developing affordable and sustainable infill housing 

and how could it be improved?  Since there are many approaches that can be taken to 

improve sustainable development in urban environments, it became necessary to narrow 

the scope of research to a specific location and context.  In the end, the theoretical and 

abstract discussions about sustainable development must be applicable to specific 

contexts in order to be of any value. 

Overall, this thesis can be broadly understood in two parts:  social and 

technological.  The social aspects involve understanding the local historical, cultural, and 

political conditions of a particular location.  In this case, the urban environment chosen 

was Austin, Texas.  In the case of technology, there was focus placed on Building 

Information Modeling (BIM) as a project delivery tool.  This research is based on the 

assumption that improving affordable and sustainable housing development is dependent 

on both social and technological means, which are not necessarily mutually exclusive.  

The overarching hypothesis is that BIM can become a catalyst for improving affordable 

and sustainable housing development. 

The following sections provide an introduction to the major topics covered in this 

research including: sustainable design, affordable housing, BIM, and the relationships 

between them.  Each section begins with a general overview of the topic and ends with 

specific data relative to Austin Texas and the surrounding areas.  This paper is presented 

from an architectural design point-of-view, however, it is intended that the information 
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will be accessible to anyone interested in improving affordable and sustainable housing 

development. 

DEFINING SUSTAINABLE DESIGN 

Sustainable design is gaining more attention in the building industry and by the 

general public, but it has been a challenge to define what exactly is meant by 

sustainability.  Furthermore, it is difficult to define how this term applies to housing 

development on both macro and micro scales.  For the sake of comprehensiveness, I feel 

it necessary to give a very brief explanation of sustainable design within the context of 

the building industry and how it will be referenced in the rest of this text.  The most 

widely used definition was coined by the Brundtland Commission in 1987 stating that 

“sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.”1

Within the context of the building industry – and more specifically, architecture – 

sustainable development has a narrower focus.  For instance, the building industry 

commonly uses the term “green” design, which can have a variety of meanings, but 

usually implies buildings which are very energy efficient and have a minimal carbon 

footprint.  This term is also typically used to describe specific properties or benefits of a 

material or method, which contributes to a more sustainable environment.  Another 

commonly used term is the “Three E’s,” which defines sustainability as the balancing of 

economy, equity, and ecology/environment (see Figure 1.1).  There are variations of this 

  This is indeed 

a broad definition, but it encompasses two main topics:  the needs of the impoverished 

and the limits of our environmental resources. 

                                                 
1 UN Documents. “Report of the World Commission on Environment and Development: Our Common 
Future.” World Commission on Environment and Development, 1987. Published as Annex to General 
Assembly document A/42/427, Development and International Co-operation: Environment. 17 March 
2010. <http://www.un-documents.net/wced-ocf.htm> (15 March 2010). 
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three-legged model (some have even suggested a fourth leg to account for 

cultural/aesthetic influences), but the idea is that sustainable design can only be achieved 

if these interrelated categories are addressed equally.  Typically, the building industry 

tends to put priorities on environmental and economic issues and less attention is given to 

issues of equity.  Perhaps the reason for this is that architects and the larger building 

industry have the ability to directly impact environmental issues – for example, the 

energy efficiency of a building.  Nonetheless, all of these issues must be part of the 

greater discussion if sustainability is to be achieved in a holistic fashion. 

 

 

Figure 1.1: The “Three E’s.” 

So, why is sustainable housing development important or even necessary?  

According to U.S. Energy Information Administration, the residential building sector 

consumes 22% of the total energy use in the United States in 2008.2

                                                 
2U.S. Energy Information Administration. “Annual Energy Review.” U.S. Department of Energy. 17 
March 2010. <http://www.eia.doe.gov/emeu/aer/consump.html> (4 December 2009). 

  Other sectors 
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include commercial (19%), industrial (31%), and transportation (28%).  Buildings alone 

in the United States consume 39% of total energy use; emit 38% of the total carbon 

dioxide emissions; use 40% of raw materials; consume 14% of total potable (drinking) 

water; and produce 30% of the total waste.3

Since this thesis focuses on the conditions of Austin Texas, with regard to housing 

development, it is worth analyzing local and regional trends.  An important data resource 

is the Central Texas Sustainability Indicators Project (CTSIP) which started in 1999.  The 

goal of the CTSIP has been to promote sustainability through the use of “community 

indicators.”

  Based on these figures, it is clear that if 

these unsustainable trends continue, future generations will face increased hardship, 

decreased quality of life, and unnecessary destruction to the environment in order to meet 

their basic needs. 

4

In reaction to the increasing pressures for more sustainable development in the 

U.S., there have been national and local initiatives to help regulate and encourage ‘green’ 

  Indicator categories include social equity, economy, and the environment 

among others.  Environmental data sectors consisted of: water consumption, water 

quality, energy use, air quality, solid waste, hazardous waste, and a focus on climate 

change.  Building development and housing in particular plays a key role in how each of 

these data sectors will either continue to improve, worsen, or stay the same.  The 2009 

report indicated that improvement was needed to reduce water consumption, improve 

water quality, and improve air quality.  Energy consumption was identified as improving 

since there is increasing demand and financial investment for renewable energy 

production.  Residential energy consumption was listed as a priority for increasing 

renewable energy access and production. 

                                                 
3U.S. Green Building Council. “Green Building Research.” U.S. Green Building Council. 17 March 2010. 
<http://www.usgbc.org/DisplayPage.aspx?CMSPageID=1718> (17 March 2010). 
4 Data Report.  “2009 Data Report.”  Central Texas Sustainability Indicators Project.  6 January 2010.  < 
http://www.centex-indicators.org/> (13 April 2010). 4. 
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design.  On the national level, for instance, the U.S. Green Building Council (USGBC) 

has developed the LEED® Green Building Rating System™.  There are various rating 

guidelines for different building types – such as LEED for Homes.  These guidelines are 

intended to create metrics for measuring ‘green’ design strategies by capitalizing on the 

expertise of local builders and manufacturers.  The LEED guidelines have various levels 

of certification, including certified, silver, gold, and platinum ratings.  On the local level, 

the City of Austin (CoA), has developed its own successful Austin Energy Green 

Building Program (GBP), which encompasses single-family residential, multi-family 

residential, and commercial building types.  Similar to the LEED rating system levels of 

certification, the GBP has star levels from 1 to 5. 

Another local initiative is the Austin Energy 2020 Climate Protection Plan.  A 

primary goal outlined in the plan includes providing 30% renewable energy by the year 

2020.  Specifically with housing, one strategy of the plan is to increase energy efficiency 

by changing building codes for Zero Energy Capable Homes (ZECH) homes by 2015.  

Another strategy identified in the plan is to continue developing a “smart grid,” which 

would rely on distributed renewable energy infrastructure.5

The need for sustainable design and development is very important considering 

the current trends on global, regional, and local levels.  For the purposes of this research, 

however, it was necessary to focus on a specific building type, specific locale, and 

specific “green” design strategies that could play a part in helping to achieve the larger 

and broader goals of sustainability. 

 

                                                 
5 Austin Energy.  “Austin Energy Resource, Generation and Climate Protection Plan to 2020.”  8 April 
2010.  <http://www.austinenergy.com/About%20Us/Environmental%20Initiatives/climateProtectionPlan/ 
index.htm> (13 April 2010).  
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DEFINING AFFORDABLE HOUSING 

 Affordable housing, as defined by the U.S. Department of Housing and Urban 

Development (HUD), states that a household is not to pay in excess of 30% of the annual 

income for housing expenses.6  The argument is that families who are forced to pay more 

than 30% of their income for housing costs will have to sacrifice expenditures for other 

basic needs such as food, clothing, and health care.  The requirements for affordable 

housing vary, however, from place to place.  The City of Austin (CoA), for example, 

defines housing that is affordable if less than 30% of monthly household income is 

allocated for rent, mortgage and utilities.7

Again, it is necessary to analyze the current trends surrounding affordable housing 

development and to understand the local needs specific to Austin.  In 2008, a research 

and consulting firm was hired by the CoA “to identify the existing and future housing 

needs of residents in Austin and to support the development of a targeted plan for 

meeting these needs.”

  This percentage is based on Median Family 

Income (MFI) which divides average income per location by the number of household 

members. 

8  The study specifically looked at needs of the city’s workforce, 

families, and low-income residents.  Overall, it was identified that suburban sprawl is 

occurring outside the city limits in reaction to the needs for cheaper housing.  In Austin, 

housing costs have increased by 85% in the past 10 years (1998-2008).9

                                                 
6 Homes & Communities. “Affordable Housing.” U.S. Department of Housing and Urban Development. 17 
March 2010. <http://www.hud.gov/offices/cpd/affordablehousing/index.cfm> (17 March 2010). 

  This has created 

7 Neighborhood Housing and Community Development. “Information about Affordable Housing in 
Austin.” City of Austin. 14 August 2009. <http://www.ci.austin.tx.us/housing/downloads/afford_housing_ 
0809.pdf> (17 March 2010). 1. 
8 Neighborhood Housing and Community Development. “Comprehensive Housing Market Study.”  City of 
Austin. 14 August 2009. <https://www.ci.austin.tx.us/housing/downloads/austin_comprehensive_housing_ 
market_study.pdf> (14 April 2010). 1 
9 Neighborhood Housing and Community Development. “Comprehensive Housing Market Study.”  City of 
Austin. 14 August 2009. <https://www.ci.austin.tx.us/housing/downloads/austin_comprehensive_housing_ 
market_study.pdf> (14 April 2010). 3. 
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an affordability gap, which is pushing the city’s workforce, families, and low-income 

residents further outside the city core.  Figure 1.2 shows the location of detached single-

family affordable units between 1998 and 2008. 

 

 

Figure 1.2: Detached single-family housing units meeting 51% to 85% MFI around 
Austin, Texas.  Source: “Comprehensive Market Study,” 4. 

As of 2008, the study identified that both affordable rental housing and 

homeownership are desperately needed in Austin to match the increasing population 

growth and the rising cost of living.  The study predicts that by 2020, the city will need to 

build an additional 12,000 rental units (1,000 per year) to meet the needs of low-income 

renters.  Additionally, homeownership needs will require a distribution of “price points” 

to match varying low-income levels.10

Among the scenarios identified to deal with the affordable housing shortage is for 

Austin to increase housing density within the city core.  In addition to the CoA’s role as 

 

                                                 
10 Neighborhood Housing and Community Development. “Comprehensive Housing Market Study.”  City 
of Austin. 14 August 2009. <https://www.ci.austin.tx.us/housing/downloads/austin_comprehensive_ 
housing_market_study.pdf> (14 April 2010). 7. 
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“affordable-housing developer,” there have been other local initiatives to increase the 

number of affordable housing units.  One of these is The Alley Flat Initiative, which 

began in 2005 as a partnership between the University of Texas Center for Sustainable 

Development (UTCSD), the Guadalupe Neighborhood Development Corporation 

(GNDC), and the Austin Community Design and Development Center (ACDDC).  The 

intent of this initiative is to increase housing density, by developing affordable detached 

single-family units adjacent to underutilized/abandoned alleyways.  The theory is that 

these secondary dwelling units will either a) allow extended families to consolidate 

resources, or b) provide additional rental income for families and low-income residents 

who are struggling to pay for rising property taxes and utility costs.  This case study is 

discussed in greater detail in Chapter 4. 

The need for affordable housing is prevalent in most urban environments where 

gentrification pressures add to increased housing costs and property taxes.  This scope of 

this research focuses the affordable housing challenges and initiatives in Austin, along 

with the political structures and financing opportunities. 

DEFINING BUILDING INFORMATION MODELING (BIM) 

Building Information Modeling (BIM) refers to an emerging project development 

and delivery method in the architecture, engineering, and construction (AEC) industries.  

BIM technology allows users to create a 3D digital model containing accurate geometry 

and associated data, which is typically used for construction documents, renderings, 

fabrication, and quantity takeoffs.  Perhaps most importantly, BIM facilitates the various 

building phases and information transfers between project team members.  This is 

referred to as a “building process lifecycle,” which “is not a strictly linear process but is a 



 9 

primarily cyclical process with feedback and cycle-to-cycle knowledge accumulation.”11

 

  

Figure 1.3 illustrates the evolution of knowledge for a project over time using BIM. 

 

Figure 1.3: The relationships between information, process and time using BIM.  
Source:  Whole Building Design Guide, “Building Information Modeling 
(BIM):  NIBS BIM Initiatives.” <http://www.wbdg.org/bim/nibs_bim.php>. 

The development of BIM tools was based on research and development in 

Computer Aided Drawing (CAD) digital tools which started in the late 1970s.  CAD tools 

typically create vector based lines and geometries (2D and 3D), which are organized by 

line-types and layer categories.  BIM tools, however, create parametric modeling 

components which have information linked to their 3D geometry.  This information not 

only describes what the element is (i.e. door, wall, tree), but it is also linked to a database 

(or multiple databases), which permits bidirectional updating and non-redundant data.  

                                                 
11 Whole Building Design Guide. “Building Information Modeling:  NIBS BIM Initiatives.” National 
Institute of Building Sciences. 30 July 2009. < http://www.wbdg.org/bim/nibs_bim.php> (24 April 2010). 
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The benefit for project teams is that this workflow streamlines the design and 

documentation process allowing for smooth transitions between project phases.  In 

addition, BIM is a valuable coordination tool, which can significantly reduce the quantity 

and frequency of errors due to inefficient workflows and human error.  It is important to 

make the distinction that BIM is not solely about software tools; rather it encompasses 

both the digital technology and the collaborative process for managing project 

information. 

Currently, the building industry finds itself at a critical juncture where BIM – as a 

technology – is still evolving and is not yet deeply engrained in conventional practices 

and workflows.  Social and political forces in the building industry still have the ability to 

mold how BIM is adapted and used in the future.  Thomas Hughes describes this 

phenomenon as “technological momentum,” where technological systems shape and are 

shaped by society.12

Chapter 3 explains more about BIM in terms of its history, current trends, 

processes and workflows, sustainable design integration, available technologies, and 

future scenarios.  For the purposes of this research, it was necessary to focus on using one 

particular BIM software package to perform in-depth simulations and experimentations.  

Chapter 2 describes the methods and methodology of using a BIM process specifically 

for affordable and sustainable housing. 

 As technologies become more solidified and standardized, there is 

less ability by users to change how the technology is used.  Based on this theory, BIM is 

currently somewhere in the middle of the determinist curve (see Figure 1.3).  The 

opportunity of being in this ‘sweet spot’ is that BIM can be both altered and adopted 

fairly easily for alternative uses – such as affordable/sustainable housing development 

and small design teams. 

                                                 
12 Smith, Merritt Roe, and Leo Marx. Does Technology Drive History?: The Dilemma of Technological 
Determinism. Cambridge, Mass.: MIT Press, 1994. 101-113. 
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Figure 1.4 The “technological momentum” of BIM over time. 

WHAT IS THE CONNECTION? 

Successful building development relies upon collaboration between various 

individuals, organizations, and networks – otherwise referred to as stakeholders or 

stakeholder groups.  It should be noted that stakeholders include members of the design 

team and outside participants not directly involved with the design/construction process.  

This accounts for the human actors, but what of the non-human elements?  During the 

design and construction of buildings, there is not only involvement between stakeholders 

to exchange ideas, but there is also the use of physical elements that make 

communication and construction a reality.  If one were to track the interactions between 

these human and non-human elements, the result would be a complex and dynamic 

network of relationships.  Bruno Latour refers to these intricate relationships as “actor-

networks.”  The concept is that human and non-human actors do not operate in isolation, 
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rather there are a myriad of influences that determine how network relationships form, 

evolve, or fall apart.  He defines the study of relationships between human and non-

human actors as “Actor-Network Theory” (ANT).13

Latour states that successful actor networks need to include a hybridization of 

both expert and non-expert knowledge.  One example of this is the practice of 

architecture.  Architects are “experts” in building design process, drawing conventions, 

building materials and systems, and construction techniques.  A “non-expert” in this 

context could be a local resident who does not have formal training in building design or 

construction, but may have knowledge about community history, social practices, and 

neighborhood aesthetics.  Both types of knowledge are valuable for the purposes of 

design and development of buildings.  Successful results, however, need to incorporate 

knowledge from all participant actors.  This is not a simple task to accomplish.  There are 

communication barriers, which inhibit the understanding and interpretation of knowledge 

between actors.  There are also barriers due to technology limitations to communicate 

information effectively and accurately.  BIM can provide a significant breakthrough for 

hybridizing expert and non-expert knowledge, since it utilizes centralized databases of 

information, which can be accessible by project stakeholders.  The challenge, however, is 

that design technologies, such as BIM, are not typically understood as a tool for 

“communication.”  This thesis views BIM as both a project design tool and 

communication tool, which has the ability to build a powerful knowledge base over time, 

thereby improving actor networks and the goals of affordable/sustainable housing. 

  While the larger discussion of ANT 

is outside the scope this research, it is important to bring attention to the complex 

relationships between us, technology, and habitation. 

                                                 
13 Latour, Bruno.  Reassembling the Social:  An Introduction to Actor-Network-Theory.  Oxford 
University Press, USA, 2005. 
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The following chapters further analyze the concepts and applications relating to 

sustainable design/development, affordable housing, and BIM.  Chapter 2 explains the 

methods and methodology behind the various research strategies.  Chapter 3 discusses 

BIM in more depth and its current utilization in the building industry.  Chapter 4 analyzes 

an affordable/sustainable housing development case study in Austin Texas.  Chapter 5 

provides summaries and conclusions about the impacts of BIM on affordability, 

sustainability, and stakeholder workflows.  Chapter 6 outlines specific recommendations 

and incentives for stakeholders to use BIM for affordable/sustainable housing 

development.  And finally, Chapter 7 offers insight to other research opportunities not 

within the scope of this thesis. 
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Chapter 2:  Methods & Methodology 

The following research involving the topics of BIM and affordable/sustainable 

housing are within the context of an emancipatory perspective where worldviews 

regarding interviews, experimentation, simulation, and case studies are socially and 

historically situated.14

The goal of choosing certain research methods was to assist in triangulating data 

to help validate conclusions and recommendations for improving affordable and 

sustainable housing development using BIM.  Each methodology has strengths and 

weaknesses, but when multiple approaches are combined the weaknesses are minimized 

and strengths are improved.

  In other words, the collection and interpretation of data is 

understood and presented through the lens of multiple realities which are shaped by the 

social and historical context in which each respectively belongs.  Therefore, the 

relationship with the knowledge collected and presented henceforth is an interactive one 

and not absolute.  The importance of stating this relationship is to reveal the basic beliefs 

(ontological and epistemological) and assumptions inherent in the research.  I decided to 

follow the emancipatory approach to conducting the research based on my involvement 

with the case studied.  Furthermore, based on this approach I’ve opted to present my 

interactions for some methods of research through anecdotes and narratives.  I concluded 

that it would be inappropriate (if not impossible) to adequately present the data in a 

purely objective and dispassionate manner. 

15

                                                 
14 Groat, Linda N., and David Wang. Architectural Research Methods. New York: J. Wiley, 2002. 32-41. 

  The following research is the result of both qualitative and 

quantitative data collected from five primary methodologies: case studies, interviews, 

15 Groat, Linda N., and David Wang. Architectural Research Methods. New York: J. Wiley, 2002. 361. 
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simulations, experimentations, and literature reviews.  Below, I explain each 

methodology and give an overview of the data collected and results. 

CASE STUDIES 

In terms of case study research, there was the option to conduct multiple studies 

or a single case study.  Both approaches have advantages and disadvantages.  Multiple 

case studies offer a wider range of data comparison, but there is danger in attempting to 

make strong connections between varying contexts and some case study data may be 

outside the scope of research.  Single case studies can provide more detailed information, 

but the context may be too specific or unique to be applied on a broader scope (i.e. to 

other projects).  I used guidance from Groat & Wang (2002), who suggest that the choice 

of multiple vs single case studies should be based on the nature of the research 

question(s) and the role of application/replication.16

I decided to focus on a local affordable/sustainable housing development in the 

Austin, Texas area called the Alley Flat Initiative or AFI.  The AFI includes multiple 

houses at some phase of development (design, construction, post-occupancy...etc).  One 

benefit of using this initiative for the case study research was that it had been thoroughly 

documented as part of a working paper series by the University of Texas at Austin School 

of Architecture (UTSoA) and the University of Texas Center of Sustainable Development 

(UTCSD).  This majority of the documentation covers four topic areas:  

  Based on my research question 

(which is relatively broad) I decided the best approach involved researching a single case 

study in depth to help uncover the social and historical contexts and stakeholder 

relationships that would otherwise not be practical by conducting multiple case study 

comparisons in the same time frame. 

1. conditions in Austin, Texas 
                                                 
16 Groat, Linda N., and David Wang. Architectural Research Methods. New York: J. Wiley, 2002. 356. 



 16 

2. neighborhood context 

3. ownership and financing structures 

4. distributed infrastructure. 

In addition to this valuable reference, I had the benefit of being involved in the 

initiative from three different perspectives: energy simulator, student construction 

volunteer, and design studio participant. 

In the spring semester of 2009, as part of an independent study course, I 

performed energy simulations of student designs for the proposed Alley Flat v3 

development.  This was the first Alley Flat Advanced Design Studio that attempted to 

formally integrate energy simulation and analysis throughout the design process.  The 

intent was to quantify annual operational costs for each design proposal and make energy 

performance comparisons based on specific design decisions.  While this segment of 

research directly relates to the AFI case study, it also falls within the methodology of 

simulation, which I will cover later in this chapter. 

During the summer semester of 2009, I again participated in the AFI, but this time 

as part of a student team helping to build the Alley Flat v2 prototype, which was 

completed in August 2009.  This was not a true design-build process in the sense that the 

contractor had been selected through a traditional design-bid-build process and there was 

negotiation between the contractor, project manager, client, and academic institution 

allowing students to finish the exterior construction and site-work as part of receiving 

academic credit while helping to curb construction costs. 

Finally, in the spring semester of 2010, I participated as a student in the Alley Flat 

Advanced Design Studio.  Part of the purpose for joining this studio was to test the use of 

BIM in an academic environment and investigate potential barriers and benefits for other 
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stakeholders.  This research segment also falls within the methodology of 

experimentation, which will be further discussed later in this chapter. 

The narrative and results from these three interactive experiences are discussed in 

more detail in Chapter 4.  The combination of these research perspectives has been 

valuable in understanding the complexity, challenges, and opportunities of 

affordable/sustainable housing in the Austin area. 

INTERVIEWS 

I conducted interviews with 22 individuals – most of whom reside in the Austin 

area and have some direct relationship with either BIM or affordable/sustainable housing.  

The goal of this research methodology was to collect qualitative data that could be used 

to compare against findings from other research strategies.  Since there was a lack of 

documentation about the use of BIM as a tool or process for affordable/sustainable 

housing development (or even BIM for small-scale projects, for that matter), I determined 

it was necessary to gain insight into local means and methods. 

I began this process by listing all the major stakeholder groups and contacting 

selected individuals from each.  These groups were determined by involvement with 

either housing design/development/construction or BIM.  Below is a list of the groups 

and the number of persons I interviewed.  Some individuals belonged to more than one 

stakeholder group and have been counted multiple times where appropriate.  It should 

also be noted that the list below is not exhaustive of all stakeholders, but rather the 

groups that had a direct relationship with affordable/sustainable housing or BIM. 

• Academic Institutions (7) 

• Non-Profit Organizations (4) 

• Clients & Owners (2) 

• Architects & Designers (5) 
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• Contractors & Builders (3) 

• City Government (3) 

• Green Industry (1) 

• BIM Software Developer (1) 

I prepared a general list of questions that I would modify based on the background 

and context of the interviewee.  The interviews followed a semi-formal format, in which I 

asked a list of predefined questions and let the conversation flow depending on the 

answers provided.  Several general findings are worth describing here.  Overall, I was 

surprised to learn about the importance of stakeholder relationships in terms of 

affordable/sustainable housing development.  These relationships (which take time to 

mature) seem to have more bearing and influence on the outcome of 

affordable/sustainable housing initiatives than any software tool or project delivery 

process currently being used between these stakeholder groups.  However, some 

interviewees suggested that a more efficient design tool or process could influence these 

relationships earlier and faster during the initial project stages (i.e. following an 

Integrated Project Delivery (IPD) model).17

                                                 
17 The American Institute of Architects (AIA) and AIA California Council. Integrated Project Delivery: 

  Another interesting revelation was the 

relatively high percentage of the interviewed architects and contractors were (or had 

previously attempted) using some form of BIM technology.  Out of the local architects 

interviewed, one had attempted to use Revit Architecture while another one was using 

ArchiCAD.  Out of the local contractors interviewed, one was using Vectorworks while 

another was using Envisioneer.  This seemed to contradict early assumptions that small-

scale AEC industries were not yet implementing the use of BIM tools for their projects.  

Finally, I found it interesting to learn how certain stakeholders view BIM and perceive its 

A Guide. Version 1, 2007. 



 19 

use in the building industry.  For instance, there was a perception by some interviewees 

that the use of BIM should be based on the complexity of the project, while others 

considered the use of BIM more dependent on the number and diversity of stakeholders 

involved with the project.  This illustrates the social and technological influences 

surrounding BIM.  More details on the research findings are included in the following 

chapters. 

SIMULATIONS 

Simulation research took two forms.  The first involved doing energy analysis for 

the spring 2009 Alley Flat v3 Advanced Design Studio in the form of an independent 

study course.  Although it was not my intent at the time to use the energy simulation 

process as part of my research, it does provide useful insight to the barriers and 

opportunities of BIM and ‘green’ design strategies for affordable/sustainable housing.  

The second type of simulation research involved using Autodesk’s Revit Architecture 

2010 as the BIM tool to reproduce the first Alley Flat prototype as-built.  I documented 

the process for completing design and analysis tasks that could be compared to 

conventional CAD-based methods and workflows.  Both simulation studies are described 

in more detail below. 

Energy Simulation 

The format for doing energy analysis in the studio environment consisted of 

analyzing student designs using various simulation software tools.  The studio was 

organized into student teams which assimilated into larger teams as the semester 

progressed (see Figure 2.1).  During the schematic design phase, I used Autodesk’s 

Ecotect Analysis (v2010) to calculate annual solar radiation, test shading devices, and 

predict annual/monthly thermal loads within each building.  Each design team created 3D 
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digital models, which were subsequently imported into ‘Ecotect’ and the resulting 

analysis was used to compare design options (see Figure 2.2).  The tool was valuable in 

helping to visualize the analysis results.  In the latter part of the design development 

phase, I used EnergyGauge (v2008) and eQUEST (v3.6) to more precisely quantify 

overall energy consumption and operational costs.  This information was compared to 

previous energy simulations done for Alley Flat v2 which had begun construction at the 

time.  The goal was three-fold: first, assist in an integrated learning process oriented 

towards energy efficiency; second, create a quantitative basis for comparison and 

justification of design features; and third, elevate the standard of affordable and 

sustainable housing in Austin, TX. 

 

 

Figure 2.1: Spring 2009 Alley Flat v3 advanced design studio structure. 
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Figure 2.2: Ecotect analysis models illustrating total sunlight hours at various stages of 
design. 

During the first stage of design iterations, the energy simulations I conducted 

focused on building orientation and shading devices, since these factors could greatly 

impact thermal loads.  The amount of annual solar radiation on each building surface was 

calculated using ‘Ecotect’ to visually illustrate if exterior fenestrations and surfaces were 

being properly shaded at key times of the year.  As expected, shading on the South and 

West facades was very important in reducing thermal loads based on the local climate 

conditions.  Also, this method began to test the advantages or disadvantages of major 

design features such as the double-roof vs single-roof and peir-and-beam vs slab-on-
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grade construction.  In addition to shading studies, a ‘rough’ thermal analysis was 

performed to quantify the relative heating/cooling load variations between designs.  In 

other words, the thermal analysis assumed comparable construction types and materials 

and the results demonstrated how each design performed based on building orientation, 

volume, shading, and glazing area.  In retrospect, it would have been preferable to test the 

impact of each design by modifying and optimizing each building element independently, 

but this strategy would have been time prohibitive based on the studio schedule. 

During the second stage of iterations, I again performed energy analysis for each 

design – this time taking into account the surrounding site context.  Shading studies were 

conducted between winter and summer to illustrate potential problems.  Strategies were 

discussed to improve shading during the spring/fall equinoxes (Mar. 21 – Sep. 21), such 

as eave overhangs, horizontal louvers, vertical/horizontal fins, and screening devices.  

Also, wall/roof constructions were analyzed and improvements were suggested.  Passive 

and cross-ventilation strategies were also considered based on the building orientation 

and the surrounding site features.  Window sizes and placement became an important 

design consideration.  In addition to shading studies, a preliminary thermal analysis was 

again conducted, which compared the performance of each design in total kWh per 

month and cost per year based on the current residential utility costs for the City of 

Austin. 

For the final review, I used ‘EnergyGauge’ and ‘eQUEST’ to predict more 

accurate annual energy consumption and operational costs.  The results demonstrated a 

marginal difference in operational costs between the two programs and the data was used 

to compare against similar analyses done for Alley Flat v2.  The end results showed that 

the final studio design proposal for Alley Flat v3 was anticipated to consume more annual 

energy than Alley Flat v2; however, the square footage was greater for v3 by 
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approximately 117 square feet (see Figure 2.3).  Therefore, on a cost-per-square-foot 

basis, Alley Flat v3 actually performed better.  It should be noted, however, that 

comparing costs per square foot for single family homes does not follow a linear 

relationship, since most homes have similar HVAC and appliance equipment which drive 

operational costs, but conditioned area and volume can vary greatly.  In reality, how 

occupants use the building will determine the energy consumption and operational costs.  

In the end, actual metered results will be collected for comparison to previous AFI 

projects and will be used as a baseline for future designs. 
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Figure 2.3: Alley Flat annual energy comparison using EnergyGuage. 
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BIM Simulation 

During the fall 2009 semester I did an independent study to reproduce the first 

Alley Flat prototype using a BIM process.  The decision to use the Alley Flat v1 

prototype was due to the fact that the house was already built and energy data was being 

collected via utility metering.  The goal of this research was to document the process and 

compare it against the traditional CAD-based approach used on the previous Alley Flat 

projects to date in terms of the following tasks:  3D digital model, 

interoperability/compatibility, quantity takeoffs, ‘green’ design strategies, 3D physical 

model, presentation renderings, code compliance visualization, and construction 

documents (see Figure 2.4).  Each of these tasks is discussed in greater depth later in this 

section.  In addition, a series of deliverables were produced that could be used for future 

affordable/sustainable housing projects, including a sample project (Alley Flat v1) and 

project template.  Interestingly, interviews with local architects and contractors (currently 

using BIM software) revealed that the capabilities of the tools are not being used to their 

full potential.  Figure 2.5 illustrates the typical uses of BIM software by the local building 

industry. 
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Figure 2.4: Simulation tasks performed on Alley Flat v1 using BIM. 

 

Figure 2.5: Typical uses of BIM tools based on local interviews. 
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The decision to use Autodesk’s Revit Architecture as the preferred BIM 

simulation tool was based on interoperability/compatibility features, wide-spread use by 

the building industry, sustainability integration, and personal familiarity using the 

software.  To be clear, the intention was not to promote one BIM technology over 

another, but instead try to use the most appropriate tool based on the local “actor-

network” relationships (see Bruno Latour, 2005).  It would have been impractical to 

simulate a BIM process using multiple software platforms, and somewhat of a moot point 

since all BIM technology satisfies the same basic requirements.  The process and results 

of the simulation research using Revit Architecture could be replicable by other BIM 

platforms. 

3D Digital Model 

The first step of the simulation process was to collect all relevant information 

about the project – anything that would help inform the creation of an accurate 

representational 3D BIM model.  Types of information included:  bid/construction 

drawings, specifications, cut-sheets, contracts, energy data, anecdotal history, and site 

photos.  The initial challenge I encountered was the fact there was discrepancy between 

different types of information.  For example, the CAD drawings that were provided were 

incomplete and did not match the bid documents or the as-built conditions.  Based on 

interviews, this seems to be a common occurrence for this type of building development, 

but it is always preferable to have consistent information between bid-documents and 

final construction.  I had to make a conscious choice about what information would be 

used for the BIM model, since I did not have complete or consistent information from 

any single source.  In the end, I attempted to match the as-built conditions when 

confronted with incomplete or contradicting information between the CAD drawings and 

bid documents. 
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Another challenge involved understanding when to stop modeling – which may at 

first seem contradictory considering the utilization of a building information modeling 

tool.  In an ideal world, everything in a design would be modeled in 3D and have 

associated parametric data down to the nuts and bolts.  The reality is that this isn’t 

practical since file sizes would undoubtedly become unwieldy and modeling time would 

increase dramatically with minimal documentation benefit. 

The difficult lesson I learned during the modeling process was that careful 

thought should be given to what is being modeled and how that model component 

information might potentially be used.  For example, I attempted to model a corrugated 

metal rainscreen wall that had been used on the prototype house.  With Revit, there were 

two approaches to accomplish this; the first option would be to model the corrugated 

panels as a uniform metal layer.  This would be quick and easy to do, but the material 

would not appear correctly in a plan section and a masking region would need to be used 

for showing accurate details (assuming the detail views referenced the model).  The 

second option involved creating a custom “family” that had the correct profile array and 

could then be loaded into the wall type as a vertical sweep.  This would be time 

consuming, but the material would be correct in all referenced views and the custom 

family could be used for other similar wall types.  After attempting the latter option with 

much frustration, I decided that the benefit of making an accurate component in this case 

was not worth the useable information that could be gained from it.  In other words, the 

process for creating accurate wall sections/details ended up being done more efficiently 

through purposefully not modeling something accurately (see Figure 2.6).  It also 

illustrates how a BIM tool front-loads the design process, where most of the building 

information is determined at the start of modeling.  At the beginning of modeling the 

building, I should have asked the following questions: 
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• To what degree will this component be used in this project and how might it 

impact future projects? 

• What information am I trying to collect or represent? 

• How flexible does this modeling component need to be? 

• How long will it take to model based on [my] proficiency using the software? 

 

Figure 2.6: A comparison of Time vs Information using BIM tools. 

Interoperability 

I also attempted to investigate the degree to which Revit was interoperable or 

compatible with other software programs and file types.  The purpose of this was to 

reveal any barriers or opportunities that stakeholders may encounter when trying to 

implement BIM for affordable/sustainable housing development.  Since information 

technology is changing ever more rapidly, I should note that this investigation is specific 

to Revit Architecture 2010 and all other software programs and file formats available 

during the fall of 2009. 

Much of the focus on interoperable BIM software is oriented around large AEC 

industries for completing large and complex projects.  With the case of Revit for 
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example, there is Revit Architecture (architects), Revit Structure (structural engineers), 

and Revit MEP (for mechanical, electrical, plumbing engineers).  Autodesk’s BIM 

software suite is marketed along with a list of other compatible tools, such as AutoCAD 

Civil 3D, AutoCAD, Ecotect Analysis, 3D Max Design, Navisworks, Quantity Takeoff, 

Buzzsaw, and Constructware to name a few.  The reality however, is that small-scale 

AEC industries would probably never need to use any of these additional tools because 

the projects lack complex structural, mechanical, electrical, and plumbing (MEP) 

systems.  Moreover, with the case of the Alley Flat Initiative, the only additional building 

industry groups involved with the project (beyond a contractor and architect) are local 

MEP trades and minimal input from structural engineers.  But the MEP and structural 

systems for a house compared to a large complex building are relatively simple and 

straightforward – making the use of additional software tools unnecessary and potentially 

cumbersome. 

When investigating the interoperability and compatibility of Revit as the BIM 

tool, I based my list of software programs on interviews conducted with local 

stakeholders.  I tried to find out what tools and mediums were being used to communicate 

design information, so that if a BIM-based design/construction process were to be used 

for affordable/sustainable housing, it could benefit and improve upon existing 

information workflows.  Based on interviews with contractors and architects, the 

common programs and file types used to communicate design information included:  

AutoCAD (DWG, DXF), Adobe Acrobat (PDF) and Microsoft Word (DOC/X) and Excel 

(XLS/X).  Information workflow categories included:  specifications, drawings, and cost 

estimates.  This information suggests that local small-scale and small-project AEC groups 

are using “low-capacity” software platforms, meaning that the tools are simple to use and 

learn (this would be in contrast to BIM tools, for example, that would be considered 
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“high-capacity” tools due to what can be produced and the additional learning curve 

involved to use them effectively). 

First, I attempted to combine specifications within the BIM model and link the 

information between components and text fields.  Unfortunately, in the case of using 

Revit Architecture, this was not successful.  The modeling environment – while 

supporting the copying/pasting of text between Word and Revit – did not easily allow for 

a multiple page specification that could be easily formatted and printed.  In addition, it 

was not easily apparent how to link project information between the specification text 

and the model components (i.e. door/window types, manufacturer information…etc).  

This lack of integration means that specifications will continue to be done as a separate 

document and will require manual updating to match the BIM model information.  In this 

situation, it is a missed opportunity to streamline information workflows. 

Another attempt at compatibility was to link quantity takeoffs from Revit to an 

Excel spreadsheet that could be used by local contractors and subcontractors for accurate 

bidding and material procurement.  Unfortunately, this too was not very successful.  

Revit Architecture has an ODBC export format that can link to Microsoft Access, but it 

contains all the BIM model information and the imported data organization is not easy to 

navigate or isolate.  For instance, I exported the Alley Flat v1 model data, but the 

quantity takeoff schedules I created in Revit did not appear in the same format in the 

Access file.  The information ended up not being useable in a simple Excel spreadsheet 

format that could be accessed by a local contractor for bidding and material procurement.  

This doesn’t mean that the information is not available, but it is not preferred for 

streamlining information workflows between AEC groups. 

The results of investigating interoperability and compatibility between Revit and 

other software platforms indicate that there are strong workflows between “high-
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capacity” programs (i.e. Revit to Quantity Takeoff).  However, there is still room for 

improvement to streamline information workflows with “low-capacity” tools, especially 

oriented towards small-scale and small-project AEC groups (i.e. Revit to Word and 

Excel). 

Quantity Takeoffs 

The next task was to extract quantity and/or material takeoffs from the BIM 

model.  This process was intended to help create accurate ‘hard’ cost estimates, rather 

than trying to rely on a contractor’s manual tabulation from drawings and/or images.  

This process was very easy and straightforward using Revit Architecture.  Material 

quantities could be totaled based on material naming assignments for each “family” (see 

Figure 2.7).  Although I did not have time to document the process, I understand that it is 

also possible to assign cost data each material type and tabulate a total price per area or 

volume inside Revit.  This could be one alternative method for addressing the lack of a 

direct link between Revit and Excel. 

 

 

Figure 2.7: A material takeoff schedule of concrete for Alley Flat v1 using Revit. 
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The only issue of concern with the material takeoff process dealt with making 

certain model modifications for visualization purposes.  For example, Revit allows the 

user to “paint” surfaces a different material finish, but this is merely aesthetic and does 

not associate any quantity/material information associated with a takeoff.  Another 

potential discrepancy that can occur is when a system family profile in Revit is modified 

(i.e. roof, wall, floor, ceiling…etc).  The added or subtracted area is supposedly not 

updated to match the altered profile and the visual material quantity may be incorrect.  

The simulation I performed using Alley Flat v1 did not contain any altered profiles, so I 

was unable to test this assumption, but Revit users should be wary of blindly trusting 

quantitative data derived from the BIM model. 

 ‘Green’ Design Strategies 

For the purposes of my simulation research, I focused on green’ design strategies 

involving the building form and intelligent building components.  I was able to adjust the 

building orientation and perform shading studies quickly and easily using Revit.  Another 

type of analysis that is still in beta testing for Revit is the Solar Radiation Technology 

Preview (SRTP) plug-in, which performs a solar energy calculation on massing surfaces 

and visualizes the results inside the program – essentially the same analysis that can be 

performed using Autodesk’s Ecotect Analysis.  Unfortunately, I was working with a 

project that had already been designed and built, so performing early energy analysis was 

a moot point, however, I was able to perform shading studies and solar radiation analysis 

on other projects (discussed later in the Experimentations section).  For the purposes of 

this simulation research, I did investigate the potential for conducting thermal analysis 

using Ecotect by exporting the Revit BIM model as a gbXML (Green Building XML) file 

format (see Figure 2.8).  The advantage to this process was that the file format included 

information related to heating/cooling, which would otherwise be absent from an 
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imported vector-based CAD model and would basically require ‘rebuilding’ the 

information to perform an energy analysis (further discussed in the Experimentations 

section). 

 

 

Figure 2.8: The imported gbXML Revit model visualized in Ecotect. 

In an effort to investigate the potential for intelligent building components, I 

attempted to create an ‘intelligent’ solar photovoltaic array in Revit.  I was frankly 

surprised that something hadn’t already been developed since it would be useful to 

anticipate renewable solar energy production on-site without having to use additional 

software.  The idea was to create a database of solar radiation values specific to the 

azimuth and altitude of the array – as the user changes the locale and angle of the solar 

panel in the modeling environment, the associated data would change.  A predefined 

legend or schedule inside Revit would then be used to display the calculated power 
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output (kWh) based on the efficiency of the photovoltaic array (ascertained from the 

manufacturer).  I used Ecotect to calculate the solar energy potential based on climate 

data of Austin, Texas (see Figure 2.9).  Once this had been accomplished, however, I 

found it to be too daunting to program or script the necessary formulas to make the 

‘intelligent’ photovoltaic array function as intended.  Once again, I had to ask myself if 

this was going to have net benefits considering the time and effort invested to make it 

work.  Eventually, I would hope that proprietary BIM developers such as Autodesk 

continue to pursue integrating ‘green’ design strategies, especially focusing on building 

systems – whether this is done in the form of plug-in tools like the SRTP or using 

external analysis programs such as Ecotect. 
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Figure 2.9: Solar radiation data compiled using Ecotect. 

Digital Fabrication 

An important part of the design process is having a physical model to present the 

tangible nature of a building.  This is especially true for affordable/sustainable housing 

projects like the Alley Flat Initiative, where interactions with local neighborhood 

organizations revealed that physical models were a more effective means of 

communicating design intent with “non-experts” that did not have a formal design 
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training background, yet responded to something that could be touched and examined in 

context.18

The importance of having a physical model prompted me to investigate how a 

BIM process may be more efficient than a CAD-based process for digital fabrication.  

Based on interviews with past participants in the Alley Flat design studios, I learned that 

over time there has been an increased use of digital fabrication for making physical 

models – specifically using laser cutter technology.

   

19

Using the Alley Flat v1 BIM model, I was able to export selected component 

information as an STL (lithography) format and print directly to a plastic and wax 3D 

modeling printer at 1/8 inch scale (see Figure 2.10).  There were two advantages to this 

  The workflow for this process 

typically involves creating 2D linework in vector-based software (AutoCAD) which is 

interpreted by color to either cut or engrave the user-selected material.  The disadvantage 

to this workflow is that the linework is generally too specific for digital prototyping (in 

terms of material fabrication and dependence on color-based plot styles, which are also 

used for line weights).  Thus, the laser cutter drawings generally can’t be dually used for 

drawing presentation/documentation, which means there is redundancy in information.  

The workflow using Revit is more versatile and streamlined, since it can be used for 2D 

documentation (drawing sheets), 2D fabrication (laser cutter), and even 3D fabrication 

(3D printer).  It should be mentioned that AutoCAD also allows for 3D fabrication, 

assuming the vector information is 3D to begin with; however, based on my academic 

experience, this is typically not the case in design studios where 3D digital models are 

done using other software platforms such as SketchUp, Rhino, or 3ds Max which have 

interfaces designed for quick modeling/rendering. 

                                                 
18 Osgood, Lynn.  Community and Regional Planning, PhD Candidate, Assistant Instructor, MLA, 
University of Texas at Austin.  Interview by Justin Dowhower, Austin, TX, 7 October 2009. 
19 Deal, Brad.  Project Manager, KRDB.  Interview by Justin Dowhower, Austin, TX, 2 October 2009. 
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process:  1) there was no manual assembly required compared to a 2D fabrication process 

using a laser cutter and 2) there was no redundant digital information; in other words, the 

same digital model used for drawings and visualization was also used for the physical 

model.  This multiple use of information significantly streamlines the design-to-

production workflow.  In terms of physical model preference, I would in retrospect have 

preferred to use the laser cutter since the 3D printer available at the time was not capable 

of producing colors or textures. 

 

 

Figure 2.9: A physical model produced by 3D printing (plastic/wax) from Revit. 

 Presentation Renderings 

Another benefit of using BIM tools is that the parametric model can in most cases 

be used for photorealistic rendering.  This streamlines the design process by allowing for 
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visualization and documentation to occur from a single model without having to duplicate 

information for rendering using a different program.  This was certainly the case while 

modeling Alley Flat v1 using Revit.  By consciously assigning the appropriate materials, 

sun/shadow settings, and camera views, I was able to produce a series of high-quality 

renderings that could either be used inside the project to supplement technical drawing 

information or as separate images for presentation purposes (see Figures 2.10-2.11). 

 

 

Figure 2.10: Interior kitchen/dining room rendering using Revit. 
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Figure 2.11: South perspective rendering using Revit. 

Code Compliance Visualization 

Through interviews with City of Austin staff, I learned that there were 

inconsistent code interpretations made by different building reviewers and inspectors.  

Moreover, there were occasions where design information provided by contractors or 

architects was either not clear or consistent and required additional time/cost for 

resubmission.  (This is discussed in more detail in the Summary & Conclusions chapter).  

While building review and inspection processes are inevitably determined by city 

jurisdictions, it was interesting to examine how or if BIM tools could also be used to 

demonstrate code compliance and assist with implementing a consistent review process. 

Based on literature reviews, there doesn’t appear to be any current BIM platforms 

which integrate code compliance measures.  Nonetheless, I attempted to focus on one 

particular City of Austin ordinance and demonstrate compliance of Alley Flat v1 using 
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Revit.  In this circumstance, I referenced the “McMansion Ordinance” as defined by the 

City of Austin Planning and Development Review Department.20

                                                 
20 Planning and Development Review Department. “Subchapter F: Residential Design and Compatibility 
Standards.” City of Austin. 26 August 2009.  
<http://www.ci.austin.tx.us/zoning/downloads/austin_residential_ordinance_approved.pdf > (2 October 
2006). 

  The purpose of this 

ordinance is to limit the size of new and remodeled structures in residential-zoned areas 

in central Austin.  It was not my intent to argue the appropriateness of such an ordinance 

for Alley Flats or other secondary dwelling units per se; rather it was to demonstrate how 

codes could be visualized in a standardized and easy-to-understand fashion.  Using 

‘Revit’ I created a conceptual massing ‘family,’ which included constraints based on the 

requirements explained in the McMansion Ordinance (i.e. setbacks widths, sloping angle, 

perimeter heights, and total height).  I imported this parametric mass into the Alley Flat 

v1 project file and adjusted it to match the building lot extents.  It should be noted that 

the mass was created for right-angle lots and would need to be revised to accommodate 

irregular lot sizes.  Also, the mass I created assumed a level topography, however the 

ordinance does have a provision for sloped site conditions which would require a more 

advanced parametric model.  In this case, I was able to demonstrate that the building was 

in fact compliant by visualizing it in a 3D view.  Furthermore, I created a drawing sheet 

specifically for City of Austin building review and placed elevation views showing the 

house and massing boundaries (see Figure 2.12). 



42 

 

Figure 2.12: ‘McMansion Ordinance’ code compliance using Revit. 
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This example demonstrates that integrating code compliance with BIM tools 

offers real opportunities.  If city governments realize this potential, it could result in the 

development of standardized BIM templates and/or preconfigured 3D code compliance 

objects that are available for download on city websites.  This standardization could help 

shorten project review time and reduce the number of misinterpretations and errors for 

both the city government and project development teams. 

An interesting aspect of using standardized BIM templates for code compliance is 

the increased transparency between the design and review process and greater 

accountability for both city officials and local architects/contractors.  While I see this as 

being a positive step forward, I can also foresee it creating controversy between 

stakeholders.  For example, the City of Austin requires a total of three parking spaces per 

residential unit.  Since Alley Flats are small secondary dwellings usually along older 

streets, this parking requirement can be difficult to achieve.  To compound this problem, 

the city also has impervious cover limitations for residential zoned lots and parking 

spaces are included in the impervious area calculations.  An understanding of this 

problem has been acknowledged by city review officials and the [unofficial] 

recommendation is to show the required number of parking spaces on the site plan for 

city review and then build only the number of spaces that is practical for the size lot.  The 

other option by the design team is to apply for a variance, but this adds cost and time to 

the review process.  This purposeful misrepresentation is very easy to do using CAD-

based tools, but can be more challenging using BIM tools, where the 3D model is directly 

linked to the referenced 2D drawings.  One potential benefit in this situation is that a 

more transparent process involving infill development projects such as alley flats should 

require modified code requirements for parking and impervious cover. 
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Construction Documents 

Finally, I investigated the most widely used capability of BIM tools – project 

documentation.  One of the many benefits of BIM tools compared to CAD-based tools is 

that the sheet drawings are referenced from the 3D parametric model.  For example, in 

Revit, model views are setup with a particular scale, detail level, and graphic style.  

These views can then be literally ‘dragged’ onto user-defined sheets with the associated 

view title, scale, and annotations.  I was able to assemble a near-finished construction 

document set of drawings for Alley Flat v1 in approximately 40 hours.  I say “near-

finished” because while all the sheets were setup with views closely matching the actual 

construction documents, I was not able to complete all annotations and detailing elements 

within the research timeframe.  This was less attributed to the software tool and more to 

the fact that I spent far too much time trying to create custom components for analysis 

and visualization purposes.  This inefficiency goes back to the hard-learned lessons and 

critical questions described earlier in the 3D Digital Model section. 

The time-saving element of the BIM process reflects the fact that any change 

made to the view on the sheet (in Revit by activating the view), or any change made to 

the 3D model, is simultaneously made in all associated/referenced data.  In addition, 

views can be added or deleted quickly to show the desired documentation content.  In 

contrast with non-parametric CAD-based software, a design change requires that each 

drawing be updated manually, which results in a tedious and error-prone documentation 

process. 

Another time-savings benefit of using BIM tools for documentation is that there is 

little need to setup or modify line weights for clearly representing drawing information.  

In Revit, these drawing conventions are preset and automatically adjust based on the view 

scale on each sheet.  From personal experience using AutoCAD, I do not miss the hours 
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spent (or wasted, rather) trying to manage layers, line weights, color-based plot 

styles…etc.  These elements have nothing to do with design and tend to consume time 

that could otherwise be invested early on in project development and analysis. 

EXPERIMENTATIONS 

Another method of research involved two experiments with BIM and ‘Revit’ in 

academic settings.  The first method involved co-instructing an introductory BIM 

Workshop to architecture students and faculty at UT Austin in the fall 2009 and spring 

2010.  The purpose behind this volunteer initiative was to help bridge the gap between 

the School of Architecture’s pedagogical goals for integrating BIM in the teaching 

curriculum and the lack of instruction time among faculty to adequately teach both theory 

and software applications required to complete assignments.  This also seemed to be an 

appropriate forum to test the learning curve required for a BIM tool such as ‘Revit’ and 

how that might translate to potential small-scale AEC users. 

The second experiment is currently ongoing as part of the spring 2010 Alley Flat 

Advanced Design Studio, which will eventually produce bid and permitting documents 

for Alley Flats v11 and v12.  I am taking an active role in this experiment as an enrolled 

student in the studio in which I am taking part in the design process.  The intent is to 

document this process and the extent to which aspects of affordability and sustainability 

are directly impacted with regard to the Alley Flat Initiative. 

Fall 2009 & Spring 2010 BIM Workshop 

Over the duration of two semesters (ongoing), I am co-instructing a BIM 

Workshop along with Emily Potts, M.Arch, for students and faculty in the UT School of 

Architecture (UTSoA).  The purpose of this training curriculum proposal is to help 

educate students, faculty, and staff about BIM as both a design tool and workflow 
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process.  The intent is that this resource can assist students in fully engaging in a BIM 

process which supports the overarching pedagogy at UTSoA.  Although there are a 

variety of available BIM tools, we selected Revit Architecture 2010 due to its widespread 

use professionally and academically.  In addition, Autodesk has been consistent in 

providing software and training support – especially for students. 

Potts and I recognized that while the UTSoA curriculum committee was eager to 

match the current academic and professional trends of BIM, the reality was that faculty 

had limited time and to teach both the necessary curriculum theory and software tools.  

This created a backlash among students who were frustrated by not having the necessary 

resources and/or instruction to adequately follow through on projects that were intended 

to utilize the power of BIM.  After consulting with UTSoA faculty during the summer of 

2009, we opted for a first-come, first-serve ‘free’ registration for students and faculty and 

received more interest than we could accommodate (~70 people total and space was only 

available for 50).  Potts and I developed a curriculum oriented towards new users of 

‘Revit’ and of the BIM workflow.  In terms of supplementary resources, we encouraged 

each participant to acquire a copy of Eric Wing’s Revit Architecture 2010, No Experience 

Required.  We also encouraged everyone to bring laptops with the updated software and a 

notebook to the computer lab for each session. 

During the fall 2009 semester, the workshop met twice a week for one hour each 

session.  Either Potts or I would present the topic and go through independent/guided 

exercises via a teaching computer and projector(s).  We created a curriculum that 

attempted to match the academic needs of faculty and students – this meant that we didn’t 

cover every aspect or capability of BIM and Revit.  One initial flaw in the structure of the 

workshop was that since registration was ‘free’ and there was no formal requirement for 

participation (curriculum credit or otherwise), we soon witnessed a 50% decrease in 
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attendance (~15-25 people).  This has also been the case during the current spring 2010 

semester.  Despite this drop in attendance, one advantage was that we were able to 

interact with a smaller class size genuinely interested in the topics and who were actually 

using Revit for their projects. 

Through an anonymous survey deployed at the end of the fall 2009 semester (13 

participants started the survey and 11 completed all the questions), we learned three 

important conclusions about the expectations of the participants as well as the learning 

curve needed to surpass the ‘critical point’ in grasping the concepts behind BIM and 

skills required to accomplish a more efficient workflow using Revit.21

Totally! However, I had a very, very, very difficult time understanding the initial 
"How Revit Thinks/Works" part. I know a lot of other struggled, as well. Perhaps 

  First, the majority 

of the students registered for the workshop were graduate architecture students.  The 

UTSoA also has students in degree programs for landscape architecture, community and 

regional planning, historic preservation, and interior design.  It was not surprising that 

most of the registrants were architecture students, since Revit is oriented towards design 

and documentation.  Second, the majority of respondents decided to take the workshop to 

learn Revit for a job.  The next popular response was to use Revit for a design project and 

finally just to learn something new.  Two respondents made comments that the use of 

Revit was required for their studio project, which indicated that a joint effort was being 

made by faculty to encourage the application of knowledge learned in the workshop.  

Third, most of the respondents were novice users and had little to no experience with the 

software user interface or workflow process.  This perhaps helped to explain the 

frustration that some felt throughout the semester.  When asked if the workshop was 

suited to the participants’ level of experience, one person replied: 

                                                 
21 Dowhower, Justin. “UTSoA Revit Workshop – Fall 2009.”  Survey. 7 December 2009. 
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a more graphic or clear explanation is needed, as it will really help speed up the 
learning process...and prevent me from hating the program to death!22

This sentiment seems to embody the larger conceptual shift that Revit (and by 

extension, BIM) presents to users – especially ones who have been previously taught to 

understand buildings through isolated 2D representations rather than through interrelated 

and associated 3D components representing typical construction assemblies. While it 

would be easy to blame this condition solely on user ignorance and inexperience, it 

should be noted that not all BIM tools are created equally.  While Potts and I picked 

Revit based on current academic and professional trends, it is not necessarily the most 

intuitive or easy-to-learn software available.  A comparison of popular BIM tools is 

discussed in Chapter 3. 

 

The context of this pedagogical experiment is specific to academia, but is a telling 

sign of the difficulty that is involved with attempting to change (and improve) current 

design and construction practices – especially for small-scale and small-project AEC 

industries.  It also illustrates the increased learning curve associated with BIM tools 

compared to non-BIM tools.  A specific example of this challenge was described to me 

by Sean Guess, a local Austin architect, who attempted to use ‘Revit Architecture’ 

(v2009) on a free trial basis for one of his projects, but found it to be too difficult despite 

referencing help files available with the software installation and tutorials online.23

                                                 
22 Dowhower, Justin. “UTSoA Revit Workshop – Fall 2009:  Page 2: Specific Questions. Question 2.”  
Survey. 7 December 2009.  

  

There seem to be common learning curve challenges in both academic and professional 

environments, which support the need for formal training of BIM tools.  

23 Guess, Sean.  Founder of Faye and Walker Architecture.  Interview by Justin Dowhower, Austin, TX, 28 
October 2009. 
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Spring 2010 Alley Flat Advanced Design Studio 

In conjunction with the ongoing BIM Workshop, I am currently participating as 

an enrolled student in the spring 2010 Alley Flat studio at UTSoA.  There are several key 

differences between this studio and the previous Alley Flat studios.  First, there was the 

addition of a new stakeholder group – the Clarksville Community Development 

Corporation (CCDC), in addition to the Guadalupe Neighborhood Development 

Corporation (GNDC), which had been a partner in the AFI since its inception.  This new 

partnership indicates an increasing interest in providing affordable/sustainable infill 

housing in Austin in addition to opening more opportunities for broadening the scope of 

what alley flats mean (does it need to be called “alley flats” and does it need to be along 

an alley to constitute affordable/sustainable infill housing?).   Second, there was a 

conscious effort to change the delivery process for the design and construction of alley 

flats from a CAD-based workflow to a BIM-based workflow.  Both students and faculty 

participating in the studio were made aware of this shift in technology and process.  And 

finally, I personally took a different role in this studio compared to the spring 2009 studio 

where I was performing energy analysis in a “consultant” role.  In the case of the current 

studio, I am participating directly with the design process and informally taking on the 

duties of a “BIM Manager” who typically maintains the information database and 

troubleshoots workflow problems. 

The role of the UTSoA in the design and construction of alley flats functions as 

an important education tool for students who are required to research codes, understand 

neighborhood context, address local site conditions, and meet client demands (in this 

case, both GNDC and CCDC).  In addition, the students are expected to produce a set of 

permitting and bid documents that will actually be used to build the final design.  

Unfortunately, the current alley flat model is not a true design/build workflow.  Projects 
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are included as part of a traditional bid process where the contactor is typically not 

involved during the design phase.  Another challenge with this workflow is that it tends 

to limit the exposure of students and local residents with the construction process since 

the selected contractor may not be comfortable with the liability involved.  This is also a 

concern from the perspective of academic institutions like UT, which tend to be risk-

adverse about ‘hands-on’ academic learning off-campus. 

Despite these challenges, having an academic stakeholder is important for 

fostering education and innovation among students and faculty while supporting the 

intricate processes involved with ensuring high standards for affordability and 

sustainability.  The AFI however, has been envisioned as taking on a larger scope and 

having a greater impact on the infill development needs of Austin.  Moreover, there is 

current experimentation to externalize this design process to local architects and 

designers in the Austin area.  The theory is that pushing through multiple alley flat 

designs simultaneously will result in both hard and soft cost savings while also ramping 

up development.  These issues are discussed in greater detail in Chapters 4 and 5. 

Before the start of the spring 2010 studio, I proposed a series of goals for the 

studio and the AFI: 

1. discover opportunities and barriers to implementing a full-BIM workflow for all 

AFI stakeholders; 

2. develop a centralized database and resources (i.e. digital templates, as-built 

models, parametric building components, green building and affordability 

strategies…etc); 

3. link a server database with the AFI website (bilingual) to provide an online 

interface for feedback loops (knowledge database) and for project collaboration 

between stakeholders; and 
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4. create a self-perpetuating delivery system for developing carbon-neutral Alley 

Flats oriented around a BIM technological process. 

Some of these goals are intended to be tried and tested more readily than others.  

For instance, goals one and two are anticipated to be tested during the course of the 

current semester, while three and four will most likely happen over the coming months 

since they involve more stakeholders not currently engaged in the early design process. 

There have been some initial results from exploring a BIM-based workflow in the 

design studio.  First, it is clear that BIM tools like Revit can be conceptually challenging 

and the learning curve is relatively steep compared to traditional design/documentation 

tools like AutoCAD.  Despite having the benefit of enrollment in the UTSoA BIM 

Workshop, students generally did not feel comfortable taking the risk to learn a new type 

of software during the semester.  Several students attempted to “give it a shot,” but the 

majority decided to revert back to using software that they were comfortable with.  At 

this point in the semester, there are two student teams primarily using Revit to complete 

drawings, renderings, and energy analysis (I am a participant in one of these teams).  The 

other three groups are primarily using AutoCAD for drawings and will probably either 

use 3ds Max or SketchUp for the final digital renderings.  It is unknown how these 

groups intend to perform energy analysis, if at all. 

While it was disappointing, in my opinion, that the entire studio could not be 

united in using a consistent workflow, it did provide the opportunity to compare the pros 

and cons associated with each approach.  The two groups using Revit benefited early-on 

by having the ability to quickly extract views (elevations, sections, and details) from the 

BIM model. This capability allowed for the detection of unresolved aspects of each 

respective design during the early stages of documentation.  Additionally, the Revit 

models were used for exporting to perform energy studies using the gbXML exchange 
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format.  Energy analysis using Ecotect was required for each student team to help 

validate design decisions and quantify operational costs.  However, at present only the 

two groups using Revit have performed any energy studies.  Another benefit that has 

been demonstrated involves performing material takeoffs.  A cost estimate was 

performed voluntarily by Shiloh Travis (one of the local builders in Austin) for each of 

the student designs.  Estimates were based on PDF drawings submitted by students.  One 

of the groups using Revit included material takeoff information for the estimate in an 

attempt to help make the cost estimate easier and more accurate.  During a later 

conversation with Travis, he confirmed that the takeoff information was beneficial and 

were close to his own rough material calculations.24

Another disappointment (in my opinion) is that the studio has failed to experiment 

with using BIM in collaboration with other stakeholder groups.  The use of Revit is 

viewed by the UTSoA and the design studio as primarily a documentation and 

visualization tool, but not as a communication and education tool.  Part of this failure is 

due to the fact that the AFI is still reliant on a design-bid-build workflow and this 

structure is not encouraging of early collaboration between stakeholders.  Another 

possible reason for Revit not being used as a vehicle for communication or education is 

that there is uncertainty about how to effectively use it. 

 

Revit has certainly demonstrated that it can make documentation, collaboration, 

energy analysis, and cost estimation easier and faster, but there are drawbacks to this 

workflow.  For instance, I noticed that some BIM tools such as Revit have modeling and 

representation limitations.  A good example of this involves a gabled roof in Revit that 

one of the student groups was attempting to model.  They wanted to eliminate a roof 

fascia and make the wall continuous up to the roof deck.  There didn’t seem to be an easy 

                                                 
24 Travis, Shiloh.  Design/build contractor.  Interview by Justin Dowhower, Austin, TX, 16 April 2010. 
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or quick solution to getting this to work.  There are usually ways to “trick” parametric 

modeling tools such as Revit into producing something that works visually, but it can be 

frustrating and more time consuming when compared to tools like AutoCAD, which is 

much more flexible for doing linework and patterning.  In cases like this, I have found 

myself rethinking the building design so that it will be easier to model using Revit – this 

is clearly an example of where technology can drive design decisions for the wrong 

reasons.  It would be ideal if BIM tools were as flexible and versatile as vector-based 

tools, but the current development of object-based parameters for BIM models naturally 

creates restrictions that are sometimes unanticipated and counterproductive. 

At the conclusion of the semester, the student designs (in the form of a PDF set of 

drawings and CAD or RVT files) will be transferred to ACDDC for producing final 

construction documents and possibly making “value-engineering” alterations due to 

client preferences or for cost reduction.  It seems unlikely that the non-profit organization 

of four staff will invest in a tool like ‘Revit’ and continue to pursue a BIM workflow 

through permitting, bid negotiation, construction, and post occupancy of the alley flats.  

In all likelihood, the RVT files will be exported in CAD format and used in the same 

workflow as what has been traditionally done. 

As I explained earlier, before the start of the spring 2010 studio, I proposed a 

series of goals for the studio and the AFI.  To date, only the first goal of identifying 

opportunities and barriers with the implementation of a full-BIM workflow has been [at 

least partially] investigated.  Unfortunately, it is beyond the scope of this research to 

investigate using BIM for alley flats beyond the studio design environment, but it is the 

author’s hope that this experimentation will continue for future projects 
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LITERATURE REVIEW 

One research method involved performing a comprehensive literature review 

process.  This entailed finding published and peer-reviewed documentation using relevant 

keywords, including:  BIM, parametric modeling, affordable housing, sustainable 

housing, ‘green’ design, integrated project delivery, and stakeholders.  The findings from 

available resources are referenced throughout the chapters in this thesis. 
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Chapter 3:  Building Information Modeling (BIM) 

As outlined in Chapter 1, BIM is an emerging tool for design teams in the 

building industry and has the potential to increase efficiency and improve communication 

among project stakeholders.  It is necessary to clearly define what BIM is – or more 

importantly, what it isn’t.  First, there is a common misconception, even among design 

professionals, that building information modeling solely refers to a type of software or 

physical geometry and not process or workflows.  While BIM requires the use of 

authoring tools (software that can perform the minimum modeling and information 

requirements), the software is but a single component.  Workflows and processes among 

stakeholders must fundamentally change to fully take advantage of the technologies 

available.  For the purposes of this research, BIM includes the integration of both 

software technologies and process/workflows. 

The second area of confusion within the building industry deals with what 

constitutes BIM, a BIM model and a BIM authoring/creation tool.  Adding to the 

confusion is the fact that these terms are typically used interchangeably, yet have very 

different meanings.  As explained previously, BIM (Building Information Modeling

1. building components that have both visual representation (geometry) and data 

attributes (parametric rules) which define what they are; 

) 

involves the strategic implementation of both software technology and collaborative 

process/workflows.  A BIM model on the other hand, is the digital building information 

itself.  Eastman, et al. (2008), defines BIM models as having the following 

characteristics:   

2. components that have associated analysis and work process data (i.e. quantities, 

specifications, phasing, and energy analysis); 
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3. data that is consistent and non-redundant (a change to a component will be 

reflected in all referenced views and data sets); and 

4. coordinated data that does not permit misrepresentation or inaccuracy.25

A BIM authoring/creation tool refers to specific software capabilities.  The 

authors also identify six criteria that are required: 

 

1. the simulation tool must be digital; 

2. it must be volumetric (3D); 

3. it must be quantifiable (dimensioning, takeoffs, and identity queries); 

4. it must be comprehensive (visualization, constructability, performance, 

sequencing, and financing); 

5. it must be accessible and interoperable by the entire AEC industry and 

design/development team; and 

6. it must be durable and usable throughout the building’s life-cycle (design, 

construction, and post occupancy). 26

In many regards, most of what is being called BIM currently, does not meet the 

above requirements in terms of technology, modeling, or process/workflows. 

 

The third and final major misconception is that the selection of BIM tools should 

be based on initial costs (seat licenses) and the anticipated cost for training software 

users.  Rarely is there a comparison done between available BIM technologies and the 

goals of design/development teams.  The result is that either the software is underutilized 

because project teams fail to leverage the capabilities of the tool, or the software 

capabilities do not align with the goals of the project.  The shift in attitude required by 

project teams is to view BIM as an investment that has both short-term and long-term 
                                                 
25 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 13. 
26 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 13. 
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costs/benefits.  Since BIM (Modeling

The following sections discuss BIM in greater detail.  First, the current trends of 

BIM are explained along with opportunities and barriers associated with addressing 

stakeholder workflows, project costs, and sustainable design strategies.  Second, the 

currently available software technologies are outlined with general comments about 

associated capabilities and learning curves.  Finally, the future potentials for BIM are 

hypothesized, especially with regard to affordable/sustainable housing. 

) is about the combination of technology and 

process, there are opportunities for stakeholder education and culture change – especially 

cultures of construction.  These potential benefits are less apparent, but can have major 

impacts in the long-run. 

CURRENT TRENDS 

BIM is a recent technological and process shift within the building industry, 

which focuses on streamlining project development and encouraging collaboration 

between architecture, engineering, and construction (AEC) industries.  The development 

of BIM is rooted in CAD-based research and technology starting in the late 1970s and 

early 1980s.27

                                                 
27 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 26-29. 

  But unlike CAD tools, which use vectors to define fixed geometry (2D or 

3D), BIM tools represent 3D objects based on parameters and rules, which determine 

their geometry and associated data.  In addition, these parameters and rules also apply to 

relationships between objects (for example, a door can only be placed in a wall and the 

void created in the wall is automatically deducted from its overall area).  These 

parameters allow for modifications which are updated in the model automatically.  In 

CAD-based tools, however, these modifications and updates have to be done manually in 

multiple 2D “viewports” drawing and view, which is time consuming and error-prone. 
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The increasing development and adoption of specialized BIM software packages 

allows for distributed building information models among AEC groups, which are 

intended to all work together.  Perhaps the largest contributing factor to this trend is due 

to the fact that BIM tools can be very powerful and expensive, so it doesn’t seem to make 

sense to burden each AEC group with unnecessary software complexity and added costs.  

As a result of these new AEC relationships, there is increasing demand for contracts to 

address and encourage the use of BIM workflows.  Issues regarding liability, risk, scope 

of work, and information ownership are becoming increasingly important.  Another 

related trend involves the redefining of roles and the development of new skills.  Drafting 

skills in design practices are slowly being replaced by modeling skills.  The role of a 

“BIM manager” is becoming commonplace in architecture firms, which is replacing 

traditional CAD manager positions, which previously replaced chief draftsman positions.  

The function of these positions remains the same, however – managing project standards 

and data organization.  On a larger scale, project teams are recognizing the benefits of 

early design input from a broader array of stakeholder groups through the utilization of 

BIM.  This is resulting in the formation of new partnership formations at a faster rate. 

Finally, the development of national and international BIM standards is helping to 

define best practices and guidelines for leveraging technological benefits.  The 

solidification of BIM performance and expectations in the building industry is coinciding 

with the increasing demand by public and private agencies for ‘greener’ and more 

sustainable buildings.  BIM developers are consistently adding new features to assist 

AEC groups to quantify and analyze modeling data.  In addition, more BIM models are 

being used to perform design checks and demonstrate code compliance. 
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PROCESSES & WORKFLOWS 

In terms of project workflow, successful BIM implementation necessitates a 

front-loaded design process, where most of the modeling time is during schematic design 

and design development phases.  During construction documents and construction 

administration (site visits, reports, and documentation), the workload is relatively low and 

levels off.  The benefit of this is that front-loaded projects reveal potential design 

problems early on and the necessary coordination among the design team can occur 

sooner rather than later to resolve the issues.  This is in contrast with traditional design 

workflows using CAD tools where the opposite is true and most of the drawing time 

happens during design development and construction documents.  The problem with this 

traditional workflow is that conflict resolution and design changes tend to happen later in 

the project timeline, which are more costly than making the same changes early in the 

timeline.  Figure 3.1 illustrates the time and effort relationship between BIM and CAD 

workflows across project phases. 
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Figure 3.1: Traditional versus BIM/IDP workflows relative to design effort and cost of 
change over a project timeline.  Source:  Building Information Modeling:  A 
Strategic Implementation Guide for Architects, Engineers, Constructors, and 
Real Estate Asset Managers, p 104. 

A major challenge with the emergence of BIM and the increasing project data 

flows between stakeholders is ensuring interoperability between technologies and 

software applications.  Although most BIM authoring tools fit the criteria listed at the 

beginning of this chapter, each tool organizes and understands parameters and object data 

differently.  Since the early days of CAD development, the strategy for addressing 

interoperability challenges was to develop exchange formats that translate information 

through importing/exporting from the desired software application.  Eastman, et al. 

(2008), describes four ways that data exchanges occur between applications:  1) direct 
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links between proprietary BIM tools; 2) proprietary file exchange formats; 3) public 

open-standard exchange formats; and 4) web-based HTML extension schemas.28

Direct links between proprietary BIM developers (commercial companies) do not 

require any modification of the native file format.  An example of this includes 

Autodesk’s RVT format for its BIM tool suite.  In this case, a single native file type is 

exchangeable across a single software platform.  Proprietary exchange formats, on the 

other hand, allows information to be transferred between different types of software 

programs developed by a single company, such as Autodesk’s Direct eXchange Format 

(DXF), which communicates CAD data between current and legacy version.  An attempt 

to bridge BIM model information across AEC industry groups has resulted in the 

development of a public open-standard exchange format known as the Industry 

Foundation Class (IFC), which has been supported by the buildingSMART International 

Alliance for Interoperability (IAI), a non-profit industry led international organization.

 

29

                                                 
28 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 66-68. 

  

The IFC is currently the most likely option for increasing interoperability between AEC 

industry groups, but at present there are still barriers to its adoption and use.  Finally, 

there are eXtensible Markup Language (XML) exchange formats, which are based on 

HTML language used over the Web.  The benefit of XML is that it can support small 

amounts of specific data between software applications.  For example, gbXML, which 

refers to ‘green building’ XML-format, includes data about heating and cooling 

information typically used in thermal analysis programs.  To be sure, there isn’t a single 

exchange format solution that will solve all BIM-related interoperability challenges and 

the success of BIM implementation will depend on continued support and development 

of these various exchange strategies. 

29 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 72. 
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A major opportunity through implementing BIM is earlier collaboration among 

the design team, which supports the goals of Integrated Project Delivery (IPD).  The 

American Institute of Architects (AIA) defines IPD as the following: 

IPD leverages early contributions of knowledge and expertise through utilization 
of new technologies, allowing all team members to better realize their highest 
potentials while expanding the value they provide throughout the project 
lifecycle. 

At the core of an integrated project are collaborative, integrated and productive 
teams composed of key project participants.  Building upon early contributions of 
individuals expertise, these teams are guided by principles of trust, transparent 
processes, effective collaboration, open information sharing, team success tied to 
project success, shared risk and reward, value-based decision making, and 
utilization of full technological capabilities and support.  The outcome is the 
opportunity to design, build, and operate as efficiently as possible.30

The AIA further explains various aspects of IPD including: 1) team collaboration 

and communication; 2) roles, responsibilities, and service scope; 3) measuring project 

goals; and 4) risk assessment and contracts.  IPD is envisioned as a specific type of 

project delivery method, which is intended to leverage the capabilities of BIM tools.  One 

could argue that IPD is in response to the emerging BIM technologies coupled with the 

blatant inefficiencies of traditional project workflows and design tools.  Interestingly, the 

AIA pointedly defines BIM as merely a tool and IPD as the process workflow, which 

seems to contradict several leading publications that define BIM as the successful 

combination of both tools and process workflows (Smith, Tardif 2009 & Eastman, et al. 

2008).  In any case, the goal of this research is not to take sides about which perspective 

is correct, but rather to identify that different perspectives exist as ideas about BIM and 

IDP become increasingly solidified in the building industry. 

 

                                                 
30 The American Institute of Architects (AIA) and AIA California Council. Integrated Project Delivery: A 
Guide. Version 1, 2007. 2. 
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Perhaps one of the most notable and documented benefits of BIM is the cost 

savings associated with eliminating inaccuracies, redundancies, and waste generated from 

conventional building practices.  According to a 2002 study conducted by The National 

Institute of Standards and Technology (NIST), inefficiencies in the building industry 

accounted for an average increase in construction costs by $6.35 per square foot for new 

building design, construction, operations and maintenance.31  These figures were linked 

to inefficient management practices, the recollection/reentry of data, and the stalling of 

resources (human and material) throughout the project phases.  Early adopters of BIM in 

the construction industry have reported reductions in project-related expenses and 

increased profits.32

SUSTAINABLE DESIGN INTEGRATION 

  In the end, it is the owner that reaps the economic rewards of a BIM 

process and workflow. 

In addition to increased efficiencies and cost reduction, there are also new 

opportunities for integrating ‘green’ design techniques with BIM tools and workflows.  

An increasing number of clients and owners are demand buildings which meet more 

rigorous green building standards, such as USGBC’s LEED Rating Systems and other 

local green building programs.  Many of these performance metrics and rating systems 

require quantified data relating to energy and resources to demonstrate compliance.  The 

use of BIM models can be leveraged to quantify data faster than traditional design tools 

and workflows. 

It should be noted, however, that quantifying energy analysis data typically 

requires the addition of third-party software tools and can’t necessarily be accomplished 

                                                 
31 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 11. 
32 Smith, Dana K., and Michael Tardif. Building Information Modeling: A Strategic Implementation Guide 
for Architects, Engineers, Constructors, and Real Estate Asset Managers. Hoboken, N.J.: Wiley, 2009. 19-
20. 
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solely by a particular BIM software.  Moreover, it probably would not be advantageous to 

have an overly capable BIM tool that could “do everything” because it would be 

unnecessarily complicated to learn and too demanding on computer hardware thereby 

negating any benefit from having an all-in-one solution.  This danger is sometimes 

referred to as the ‘Swiss Army Knife Syndrome.’33

Building information modeling (BIM) is an emerging tool in the design industry 
that is used to design and document a project, but is also used as a vehicle to 
enhance communication among all the project stakeholders.  This tool has already 
begun changing how designers work with their consultants and with builders, but 
it also has the ability to help guide the industry in a more sustainable direction by 
allowing easier access to the tools necessary to quantify a green design 
approach.

  In the book, Green BIM:  Successful 

Sustainable Design with Building Information Modeling, authors Eddy Krygiel and 

Bradley Nies explain: 

34

Krygiel and Nies identify and demonstrate seven strategies for using BIM tools 

and workflows to achieve a ‘green’ approach to building design.  These strategies are 

categorized as either belonging to building form or building systems.  The first strategy 

they identify involves building orientation – how a structure is placed on a site relative to 

the sun’s path throughout the year.  Based on the local climate and the programmatic 

requirements, a building’s orientation can be used to optimize lighting, ventilation, 

heating, and cooling.  This requires knowing the location latitude, longitude, and solar 

south.  This information can usually be found using the internet.  The National 

Geophysical Data Center’s (NGDC) website (

 

http://www.ngdc.noaa.gov/geomagmodels/ 

Declination.jsp) can be used to calculate the difference between magnetic north and solar 

north.  Most BIM tools have the capability to set a project location and identify a true 
                                                 
33 Smith, Dana K., and Michael Tardif. Building Information Modeling: A Strategic Implementation 
Guide for Architects, Engineers, Constructors, and Real Estate Asset Managers. Hoboken, N.J.: Wiley, 
2009. 149-150. 
34 Krygiel, Eddy and Bradley Nies. Green BIM: Successful Sustainable Design with Building Information 
Modeling. Indianapolis, IN: Wiley Publishing, 2008. 25. 

http://www.ngdc.noaa.gov/geomagmodels/Declination.jsp�
http://www.ngdc.noaa.gov/geomagmodels/Declination.jsp�
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north orientation.  In addition, these tools typically have the capability to perform shading 

studies on building geometry, so design teams can visualize at what times of the day and 

year a building (or parts of it) will either be in sun or shade.  Building orientation can also 

be crucial if photovoltaic or solar hot-water systems are a part of the building’s design. 

The second ‘green’ design strategy involves building massing.  This is primarily 

driven by the building type (i.e. office, residential, school…etc) and the local climate.  

Depending on the goals of the project, the volume and shape of the building can greatly 

impact areas such as lighting, ventilation, heating, and cooling.  Through the utilization 

of a BIM tool and energy-analysis software, it can be a quick and efficient process to 

compare multiple massing configurations in terms of energy consumption.  For example, 

with Autodesk’s Revit, it is possible to create parameters to control the ratio of length vs. 

width vs. height and total floor area.  Then, by exporting the BIM model to an energy 

analysis tool such as Ecotect, a quick comparison can be done between the various 

massing configurations to understand which option will have optimal performance. 

The third strategy related to building form includes daylighting optimization.  

Buildings that are designed to maximize the use of natural daylighting have reduced 

demand for artificial lighting, which contributes to internal heat gain and consequently 

space conditioning needs.  Proper daylighting relies on building orientation, massing, and 

envelope configuration (glazing placement, materials, and construction assemblies).  

Beyond energy performance, studies have shown that natural daylight in buildings can 

increase the overall health, happiness, and performance of occupants.35

                                                 
35 Krygiel, Eddy and Bradley Nies. Green BIM: Successful Sustainable Design with Building Information 
Modeling. Indianapolis, IN: Wiley Publishing, 2008. 153-155. 

  Through the use 

of a BIM tool and a dayligthing simulation software, it is possible to very accurately 

predict lighting levels inside building spaces.  Some of these simulations packages 



 66 

include:  Integrated Environmental Solutions Virtual Environment (IES <VE>), Daysim, 

and 3ds Max. 

The forth ‘green’ strategy falls under the category of building systems and 

involves the capturing of rainwater – also known as water harvesting.  Similar to 

optimizing a building’s form, it is dependent on understanding the impacts of the local 

climate.  In the case of water harvesting, it is important to know the average yearly 

rainfall, which can be found using the internet.  By using a BIM model, areas (such as 

roofs) can be quickly accessed from the model components and input into a spreadsheet 

to calculate total water collection potential.  If graywater collection (wastewater reuse 

from sinks, lavatories, laundry facilities, and water fountains) was a goal of the project, a 

BIM model schedule can tabulate the number of plumbing fixtures and the flow rate.  

This information can once again be input into a spreadsheet to calculate the potential 

graywater collection based on the number of occupants and operational schedule(s).  The 

combined harvesting methods can then be added together to determine the necessary 

cistern capacity required for storage over the course of an average year. 

The fifth, and probably the most commonly referenced ‘green’ design strategy, is 

energy modeling and analysis.  The optimization of energy performance relies on the 

previously discussed strategies such as building orientation, massing, and daylighting.  

The first step is to identify the project goals with regard to lighting, heating, cooling, and 

power needs.  Sometimes these goals are based on performance criteria such as the 

American Society of Heating, Refrigeration, and Air-Conditioning Engineers 90.1 

(ASHRAE 90.1), the LEED Green Building Rating System, Architecture 2030, and 

others.  In an effort to meet project goals, the leveraging of a BIM model can reduce 

analysis time, thereby allowing the design team to perform more iterations and in-depth 

optimization studies.  The appropriate energy analysis tool(s) will depend on the stage of 
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project design and the desired information output by the design team.  Some of these 

tools include: Ecotect, Green Building Studio, eQUEST, EnergyPlus, and IES <VE>,  

With respect to building design, it is important to note that most analysis and 

optimization strategies work best if performed iteratively (making single alterations and 

running the same step-by-step analysis for each change) and during the early stages of the 

design process.  BIM lends itself to such iterative analysis. 

As described in the previous section, there are various information exchange 

formats that assist with BIM software interoperability.  The gbXML web-based schema 

can be used, for example, to communicate essential heating, cooling, volume, and 

envelope data from BIM tools like Revit to the IES <VE> plug-in.  For analysis tools that 

do not have this exchange ability, BIM can still be useful in providing model data that 

can be manually entered into these analysis interfaces. 

The sixth ‘green’ building strategy is the utilization of renewable energy sources.  

Obviously, the project location and budget will ultimately determine which renewable 

energies are feasible.  Some of these include:  solar, wind, biomass, hydrogen, 

geothermal, ocean, and hydropower.  Some of these sources can be integrated on-site, 

while others may be available through utility purchasing and produced off-side.  The first 

step to optimizing the use of renewable energy is to reduce the total energy needs of a 

building.  This goes back to the strategies described earlier involving orientation, 

massing, and daylighting. 

A common example of using BIM for analyzing renewable energy potential is 

with photovoltaic (PV) electricity production.  Most BIM tools can perform 

overshadowing studies to determine optimal PV array positioning.  Once a PV type is 

selected, the other information required to determine energy production can be 

determined quickly by querying the BIM model.  This would include the intended PV 
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array area (typically roof areas), array azimuth/altitude, and the project longitude/latitude.  

In addition to this data, the average daily solar radiation needs to be determined based on 

the project location.  This can be found using the National Renewable Energy Laboratory 

(NREL) Solar Radiation Resource Map (http://www.nrel.gov/gis/solar.html).  Based on 

the combination of data from the BIM model and various online resources, the 

anticipated energy production can be quickly determined using an online calculator such 

as PVWATTS. 

The seventh and final strategy identified by Krygiel and Nies involves the use of 

sustainable building materials.  First, it is necessary for the design team to determine the 

criteria for what makes a material sustainable and then set project goals for how the 

project will achieve the desired criteria.  Some of these criteria may involve specifying 

materials which are non-toxic or that minimize the total amount of embodied energy 

throughout the production life-cycle.  At present, BIM tools do not directly link to 

information databases that contain material specifications, but this will hopefully be 

incorporated as part of future development.  In the mean time, BIM tools such as Revit 

allow the design team to add parameters and formulas to specific material types.  An 

example of this might be to determine the amount of recycled content in a particular 

shelving product.  Once the shelving is modeled, a schedule can be created with 

associated parameters to list and calculate the quantity of material multiplied by the 

percentage of recycled content.  The benefit of using a BIM model for this type of 

material takeoff is that the data will update automatically in the schedule if the shelving 

sizes change at a later time. 

The strategies described above are illustrative of the power of BIM tools for 

integrating sustainable design techniques.  As BIM becomes more widely adopted by the 

AEC industries, it is certain that improvements will be made to the capabilities of 

http://www.nrel.gov/gis/solar.html�
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analysis tools and information accessibility by project team members.  It is important to 

note that while BIM encourages a new frontier of sustainable design integration, it can 

also be used in non-sustainable ways.  For instance, a BIM tool could be used by a 

project team to document and construct poorly designed buildings faster and more 

efficiently, which in turn contributes to suburban sprawl, high utility consumption, and/or 

gentrification.  To be clear, BIM does not imply building sustainably or integrating 

‘green’ design strategies, but it does make these objectives easier to achieve if used 

properly. 

AVAILABLE BIM TECHNOLOGIES FOR ARCHITECTURAL DESIGN 

There are many BIM design software platforms currently available for AEC 

professionals, but there isn’t necessarily a “one-size-fits-all” platform that works for all 

projects or all design team participants.  The purchase of a BIM platform should not be 

based merely on the tool’s current capabilities and initial seat cost(s), rather it should be 

viewed as an investment that will involve future evolutions, new content and file type 

generation, and continuous user training.  While there are possibly dozens of software 

tools deemed BIM-capable for various stakeholders in the building industry, it seems 

appropriate to focus on the BIM tools currently being used by the architects since they 

have the largest impact on building design and information workflows.  The following 

BIM authoring tools are by no means exhaustive, but do represent the majority of current 

adoption by the architecture profession in the U.S.  Each tool is described in terms of its 

current release, operating platform, user interface, product family, file organization, 

interoperability, extent of parametric component library, and scalability. 
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Autodesk’s Revit Architecture is one of the most widely used BIM tools for 

architectural design.36  The current version release is 2011 and is currently only available 

for Windows operating systems.  The program is relatively easy to learn with tools that 

are accessible and intuitive to use for project workflows.  Significant improvements have 

been made to free-form modeling and conceptual design environments.  In addition to 2D 

drawing and 3D modeling views, the software features a high-quality rendering engine 

within the program.  The software can be costly, with per seat licenses of $5,495 for an 

annual subscription and with currently no upgrade pricing options.37

                                                 
36 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 57. 

  Autodesk’s BIM 

suite includes Revit Architecture, Revit MEP, and Revit Structure, which cater to major 

AEC building industries.  Autodesk offers a web-based BIM environmental analysis tool, 

called Green Building Studio.  It has also recently acquired Ecotect (now Ecotect 

Analysis) as its comprehensive energy modeling tool.  Revit uses a central library 

database structure for storing and linking information.  It supports importing/exporting 

various files types including CAD, DXF, DWF, DGN, STL, SAT, SKP, BMP, JPG, 

JPEG, PNG, and TIF.  It also supports model analysis exporting to gbXML, ADSK, 

FBX, ODBC, and IFC.  Revit has an extensive object library, referred to as “families,” 

which are predominantly developed by third-party vendors.  Information is bi-

directionally supported between the information database and model views.  Revit uses 

an ‘in-memory’ system (information must be loaded into the project file to be used in the 

model), which can make project files very large and performance can suffer as a result – 

especially when dealing with server-based collaboration. 

37 Autodesk Store. “Autodesk Revit Architecture 2011.” Autodesk, Inc. 2 May 2010.  
<http://store.autodesk.com/DRHM/servlet/ControllerServlet?Action=DisplayProductDetailsPage&SiteID=
adsk&Locale=en_US&ThemeID=1293100&Env=BASE&productID=188048300> (2 May 2010). 
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Nemetschek North America’s Vectorworks has a small, but growing, market 

share in the U.S. building industry and is primarily used by small-scale AEC firms.  

Vectorworks has various industry-specific versions including Architect (AEC BIM 

authoring tool), Landmark (landscape and site design), Spotlight (theatrical and exhibit 

design), Machine Design, Fundamentals (non-industry specific version), and Designer 

(has all industry tools, commands, and objects).  All can be used with or without 

Renderworks, which is a presentation-rendering tool.  The current release of Vectorworks 

is 2010 (version 15), which is available for Windows and Macintosh operating systems.  

Vectorworks Architect costs $1,995 for each seat license and $400 for an upgrade license 

(Windows and Macintosh).38  The user interface offers very flexible 2D/3D hybrid 

environment, which is beneficial for design purposes, but it does not enforce a strict BIM 

workflow, which can be problematic for consultant collaboration.  It supports exporting 

to various file types including DXF, DWG, EPix/Piranesi, EPSF, JPG, JPEG, PNG, 

BMP, TIF PDF, Windows Metafile, QuickTime VR Object and VR Panorama, 

VectorScript, comma- and tab-delimited worksheets, DIF, SYLK, Parasolid X_T, IGES, 

SAT, Strata, STL, KML, SKP, DOE-2 and, IFC.39

                                                 
38 Nemetschek North America. “Online Store: Vectorworks Architect.” Nemetschek North America, Inc. 2 
May 2010. <https://secure.nemetschek.net/estore/architect.php> (2 May 2010). 

  Vectorworks has extensive data-rich 

object libraries and allows for a wide variety of user-created content through its 

VectorScript programming language.   It does lack, however, certain building industry 

specific BIM software for MEP and structure.  Worksharing solutions are file-based as 

opposed to server-based, which is adequate for small firms, but has limitations on 

scalability and real-time collaboration among multiple users. 

39Lévy, François. Lecturer, UT School of Architecture. “revised Vectorworks profile.”  E-mail to the 
author. 26 April 2010. 
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Graphisoft’s ArchiCAD (also owned by Nemetschek) is the oldest BIM design 

tools still available on the market to date.40  The current release is version 13 and is 

available for both Windows and Macintosh operating systems.  The software can be 

purchased at $4,250 per seat license, upgraded for $895, or rented on a monthly basis.41  

The user interface is relatively simple to use and has an intuitive workflow.  Graphisoft 

offers various extensions for ArchiCAD including MEP Modeler, Virtual Building 

Explorer (for interactive 3D presentation), EcoDesigner (for energy analysis), and 

Artlantis (for high-quality rendering).  Graphisoft has also developed a more economical 

and lightweight BIM software called ArchiCAD STAR(T) Edition (about $2,000 per seat 

license42

                                                 
40 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 59. 

), which is specifically designed for small architecture firms with limited 

features for modeling, visualization, collaboration, performance, and project 

organization.  Graphisoft lacks a dedicated structural BIM application, but has created 

interfaces to work with a variety of other proprietary structural tools, including Revit 

Structure, Tekla Structures, and Scia Engineer.  ArchiCAD supports various ‘add-ons’ 

developed by third-part vendors to extend the functionality of the core BIM tool 

capabilities.  ArchiCAD’s model information is managed by a centralized database, 

similar to Revit.  It supports importing/exporting file formats including DWG, DXF, 

DGN, DWF, and PDF.  It also supports model data exporting to gbXML, DOE-2, 

RIUSKA, ARCHiPHISIK, OBDC, and IFC.  The tool also supports direct links with 

SketchUp (3D modeler), Google Earth (virtual world visualization), and Cinema 4D (3D 

animation).  ArchiCAD uses an ‘in-memory’ system, which presents scalability issues for 

41 Khemlani, Lachmi. “ArchiCAD 13: AECbytes Product Review.”  AECbytes. 2 May 2010. 
<http://www.aecbytes.com/review/2009/ArchiCAD13.html> (30 September 2009). 
42 Graphisoft North America. “Promotions for North America Based Customers.” Graphisoft R&D 
Software Development Rt.. 2 May 2010. <http://www.graphisoftus.com/products_promos.php> (2 May 
2010). 



 73 

large projects, but models can be partitioned into smaller modules to make them 

manageable.  In addition, Graphisoft has developed the first BIM Server application, 

specifically intended to make large project collaboration easier and faster.43  ArchiCAD 

does have certain parametric modeling limitations in terms of automatic updating 

between objects.44  It also lacks modeling constraints and does not support association 

between modeling elements, which can be problematic for other analysis tools.45

Bentely’s MicroStation focuses on a wide range of solutions for AEC industries, 

including bridges, buildings, government, campuses, communications, utilities, factories, 

mining and metals, process manufacturing, power generation, rail and transit, roads, and 

water and wastewater.  The buildings category includes a family of products including, 

Architecture, GenerativeComponents, Structural Modeler, Building Mechanical Systems, 

Building Electrical Systems, Facilities, and ProjectWise Navigator (for mulit-project and 

multi-user collaboration).  The current release of Bentley Architecture is V8i and is only 

available on Windows operating systems.  The software can be expensive with single seat 

licenses priced at $6,290 (includes MicroStation, passport for ProjectWise Navigator, 

Parametric Cell Studio, Space Planner, and Bentley Architecture).  Existing MicroStation 

users can add Bentley Architecture for $1,495.

 

46

                                                 
43Khemlani, Lachmi. “ArchiCAD 13: AECbytes Product Review.”  AECbytes. 2 May 2010. 
<http://www.aecbytes.com/review/2009/ArchiCAD13.html> (30 September 2009). 

  The user interface is large and non-

integrated, which makes it difficult to navigate and learn.  Bently Architecture features 

relatively fast conceptual design modeling and space planning capabilities.  The software 

also features a powerful rendering engine for the production of high-quality images and 

animations within the application.  Bentley Architecture supports importing/exporting 

44 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 59. 
45 Khemlani, Lachmi. “ArchiCAD 13: AECbytes Product Review.”  AECbytes. 2 May 2010. 
<http://www.aecbytes.com/review/2009/ArchiCAD13.html> (30 September 2009). 
46 Khemlani, Lachmi. “Bentley Architecture V8i: AECbytes Product Review.”  AECbytes. 2 May 2010. 
<http://aecbytes.com/review/2009/BentleyArchV8i.html> (19 November 2009). 
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formats including DGN, DWG, DXF, PDF, STEP, IGES, STL, and IFC.47  It also 

supports native Rhino and SketchUp modeling formats.48

In summary, the above BIM tools each have various advantages and 

disadvantages – especially in terms of cost, learning curve, capacity, and interoperability.  

With the increasing rate of BIM adoption among AEC industries and continuous version 

updates (occurring virtually each year), it is quite probable that market shares and 

software features will change.  It is highly unlikely that a single proprietary BIM 

developer will take over the entire AEC market, but rather there will probably be an 

increasing diversification of BIM tools for specific project types and industry groups, just 

as with CAD tools.  AEC groups and project stakeholders will need to determine which 

tool or software suite is appropriate for their project type(s) and collaboration needs. 

  The software has a relatively 

small parametric object library, which may be due to inconsistent object behaviors.  

Bentley Architecture features a distributed file structure to help manage large projects, 

but this type of file organization can be difficult to set up and manage. 

THE FUTURE OF BIM & RETHINKING HOW WE USE IT 

There are several future trends that are predicted with BIM and its use in the 

building industry.  These include changes in workflows, contracts and regulations, and 

services and roles.  Each of these three major trends is briefly described below. 

Workflows will shift from being sequential to being parallel.  BIM and IDP will 

allow for earlier collaboration and information exchanges that can occur simultaneously.  

BIM model information will continue to serve multiple purposes while reducing the need 

for duplication and redundancy.  BIM to fabrication processes will become increasingly 

                                                 
47 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 58. 
48 Khemlani, Lachmi. “Bentley Architecture V8i: AECbytes Product Review.”  AECbytes. 2 May 2010. 
<http://aecbytes.com/review/2009/BentleyArchV8i.html> (19 November 2009). 
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standard as software interoperability improves.  More opportunities will arise for scenario 

planning and iterative analysis to measure and test various design options.  Energy 

modeling will become a standard (if not required) aspect of BIM tools as performance-

based standards replace prescriptive standards.  BIM models will used to collect and track 

data on both micro (per building) and macro scales (per city).  The combination of BIM 

and GIS data sets will become seamless.  BIM models will be used to verify code 

compliance either through plug-ins or external programs.  The use of 3D digital models 

during design and construction will continue to make paper-based drawing sets obsolete.  

Perhaps the greatest workflow shift yet to be realized involves using BIM as a 

communication tool rather than a production tool.  The perception of information will 

change from something that needs to be delivered as a final product, to something that 

can be leveraged and updated over a long period of time. 

Contracts will be revised to adjust for liability and compensation issues among 

project team stakeholders.  Agreements will become more explicit, but also more flexible 

depending on the situation.  Fragmented design-bid-build relationships between owners, 

contractors, and architects will become less popular in lieu of closer design-build 

relationships which can utilize BIM more efficiently.  Various questions will need to be 

addressed either by governing authorities or by the project teams themselves when using 

BIM: 

• Who has access to the BIM model? 

• Who owns the BIM model after the project is built? 

• Who is responsible for information once it is added to the BIM model? 

• Who pays and is responsible for tools that either overlap industries or are non-

industry specific (phasing, analysis, and server collaboration)? 



 76 

• What information workflows will be used between which groups at what time in 

the project timeline? 

• How will project time be tracked and billed? 

Services and roles are starting to shift and will continue to evolve over time as 

BIM gains higher adoption among AEC industries.  The greatest changes are likely to 

occur in design firms, which have been the slowest to leverage the benefits of BIM tools.  

Design staff will be required to have proficiency using BIM (not unlike how CAD 

proficiency has been the norm for well over a decade).  There will be downsizing in staff 

for documentation-related tasks.  New management roles will become commonplace, 

such as BIM manager, BIM modeler, and BIM leader.  These roles will replace similar 

CAD standard and management positions.  There will be an increase in BIM modeling 

and analysis specializations as building systems and materials become more complex.  

AEC firms will be able to provide additional services as they realize the potential to 

leverage BIM model information. 

The big question, however, lies in the quality of BIM data 10, 20, and 30 years 

from now.  BIM software is being marketed as a long-term building life-cycle 

management tool, but the underlying problem is that building last far longer than data.  

Another problem with enduring data structures and file formats is that it can potentially 

impede interoperability improvements.  The best case scenario would involve some form 

of open-source (flexible and editable) data format, which would remain consistent over a 

long period of time.  The obvious barrier to this, of course, is that proprietary BIM 

developers (who have the necessary funding and staff) are not about to put time, effort, 

and money into something that could potentially put them out of business.  This will be 

an ongoing dilemma, which requires careful research and planning by both BIM users 

and BIM developers. 
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Chapter 4:  Case Study:  The Alley Flat Initiative (AFI) 

The AFI is an affordable and sustainable housing initiative, which has been 

thoroughly documented by students and faculty at the University of Texas at Austin 

School of Architecture (UTSoA) and the University of Texas Center for Sustainable 

Development (UTCSD).  Extensive research in the form of a “working paper series” is an 

ongoing part of the initiative, with topics covering:  precedent studies, local zoning 

conditions, history, neighborhood context, financial structures, and distributed 

infrastructure.  I have had the benefit of being involved in this initiative from three 

different perspectives:  energy simulator, student construction volunteer, and design 

studio participant.  In the following sections, I present the Alley Flat Initiative (AFI) in 

terms of the overarching thesis question (What are the barriers or opportunities for this 

type of development and how could it be improved?) and from the perspective of a 

participant observer. 

LOCAL CONTEXT & CONDITIONS IN AUSTIN 

In this case, infill developments are referred to as “alley flats,” but are often 

referred to differently depending on the local context.  Some other names are “back 

houses,” “secondary apartments,” “granny flats,” “mother-in-law apartments,” 

“dependencies,” “secondary suites,” or “laneway houses.”  Zoning ordinances typically 

refer to these as “secondary dwelling units” (SDUs), “detached accessory dwelling units” 

(DADUs), or “accessory dwelling units” (ADUs).  In the City of Austin (CoA) codes, 

these are technically referred to as “secondary apartments.”49

                                                 
49 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. v. 
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Austin Texas is unique in the sense that it is a fast-growing, young, and 

environmentally progressive city.  Austin and similar cities are under a growing demand 

for affordable housing in the face of increased population, suburban sprawl, and 

gentrification.  One potential solution to these problems is the development of urban infill 

ADUs.  The CoA supports the development of ADUs on any parcel of at least 7,000 

square feet zoned SF-3 and SF-5 through MF-6 (for specific zoning districts, see 

http://www.ci.austin.tx.us/development/zoning.htm).  Furthermore, neighborhood 

planning organizations can adopt the “secondary apartment infill tool,” which allows for 

ADUs to be built on any parcel of at least 5,750 square feet.50

Based on parcel information from the 2008 Travis Country Appraisal District 

(TCAD), an estimate was calculated for the number of existing and potential ADUs 

through the use of Geographic Information Systems (GIS).

  There are restrictions for 

residential development, however, including the ‘McMansion Ordinance’ which limits on 

Floor-to-Area Ratio (FAR) and the ‘Comprehensive Watersheds Ordinance’ which sets 

impervious cover limits.  Beyond these zoning infill tools and restrictions, there is little 

additional incentive for increased density through infill housing, except for S.M.A.R.T. 

Housing, which is discussed later in this chapter. 

51  Through GIS analysis, 

there are approximately 2,100 ADUs currently in Austin (see Figure 4.1).  Out of these, 

278 ADUs are located in SF-3 zoned parcels and 71 appear to be along alleyways.52

                                                 
50 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 10. 

  The 

opportunities for infill housing are plenteous in Austin, with an estimate of 42,888 SF-3 

lots eligible for ADUs including both parcels greater than 7,000 square feet (33,264) and 

parcels 5,750-7,000 square feet (2,931) in neighborhoods which have adopted the 

51 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 15. 
52 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 19. 

http://www.ci.austin.tx.us/development/zoning.htm�
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“secondary apartment infill tool.”  There are approximately another 6,693 parcels where 

ADUs are possible if secondary units are adopted by the neighborhood planning 

organizations.53

The next layer of detail through GIS analysis showed that of the SF-3 parcels 

greater than 5,750 square feet, approximately 3,385 are distributed along alleyways.  Out 

of these, roughly 2,424 are currently available for infill development and the remaining 

961 are dependent on neighborhoods adopting the apartment infill tool (see Figure 4.2).

 

54

                                                 
53 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 23. 

 

54 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 27. 
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Figure 4.1: Austin’s existing secondary units by neighborhood.  Source:  The Alley Flat 
Initiative:  Topics in Sustainable Development 2008 Report, p. 16. 
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Figure 4.2: Austin’s alleyways overlaid with eligible infill parcels.  Source:  The Alley 
Flat Initiative:  Topics in Sustainable Development 2008 Report, p. 28. 
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A BRIEF HISTORY OF THE AFI 

The Alley Flat Initiative (AFI) began as a partnership between the University of 

Texas Center for Sustainable Development (UTCSD), the Guadalupe Neighborhood 

Development Corporation (GNDC), and the Austin Community Design and Development 

Center (ACDDC).  Since 2003, the AFI has evolved beyond these three primary partners 

to include many other additional stakeholder groups and a larger actor-network.  These 

participating stakeholders have encountered barriers and opportunities in the effort to 

promote affordable and sustainable infill housing in Austin.  Figure 4.3 illustrates the 

relationships between these AFI stakeholder groups.  The history of this evolution can be 

categorized into four phases: 

1. Partnership development (2003 – present) 

2. Studio designs (2004 – present) 

3. Prototype construction (2006 – present) 

4. Research and experimentation for AFI mass-production (2008 – present) 
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Figure 4.3: AFI stakeholder relationships. 

In the first phase of the initiative, there was discussion between the UTCSD and 

the GNDC about how to increase the development of sustainable and affordable housing 

in East Austin.  GNDC started as a community housing development organization 

(CHDO) in 1981 and as of 2008 has created over 100 affordable homes (41 are new 

construction and 35 are rehabilitations).55

The conditions in East Austin presented a real opportunity for the development of 

alley flats for three reasons.  First, there was an existing network of alleys which had 

  A unique aspect of this neighborhood 

organization is that all of the board members are residents in the community. 

                                                 
55 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 34. 
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been abandoned by the CoA, but were still public domain.  Second, original subdivisions 

were generously sized compared to present urban standards easily allowing for additional 

units of development on existing parcels.  Third, it was learned that more than two-thirds 

of the residential properties were owned by families living in the neighborhood and that 

in some cases several family generations lived on close proximity to one another.  This 

combination of features in the East Austin area provided a perfect setting to begin 

exploring how to develop innovations in sustainability and ‘green’ design while 

benefiting from GNDCs commitment to affordable housing and maintaining 

neighborhood context. 

Shortly after this partnership between GNDC and UTCSD began, UT students 

and faculty started researching historical, cultural, political, environmental forces in East 

Austin.  Students began to document neighborhood conditions by walking, taking 

pictures, sketching, talking with residents, and participating in community events.  One 

interesting discovery was that the first city-wide masterplan in 1928 actually segregated 

the city by offering essential infrastructure to people of color on the condition they move 

to the east of East Avenue (now Interstate Highway 35).56

This important foundation of contextual research was followed by the first alley 

flat architecture design studio in the fall 2005.  Students under the instruction of 

Professor Sergio Palleroni proposed designs to GNDC over the course of the semester 

  Another important discovery 

was that the CoA environmental policies, including the 1997 Smart Growth Initiative, 

had both positive and negative consequences.  While protecting important natural 

resources such as the Edwards Aquifer and Barton Springs, the Smart Growth Initiative 

also put development pressures on neighborhoods in East Austin where property taxes 

were quickly increasing due to gentrification by private developers. 

                                                 
56 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 35. 
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and some students volunteered to continue taking the project through design development 

and permitting during the spring 2006 semester.  Initial designs were well-received by 

GNDC, however, when the project was ready to put out to bid, the design had changed 

and there were concerns by the board members that the proposal did not fit in with the 

neighborhood context.  In addition, students were unaware of the cost implications of the 

proposed design(s) and prospective contractors were not comfortable with some of the 

innovative technologies/systems which had little supporting construction documentation.  

In the end, inadequate and inconsistent communication together with funding and 

scheduling problems led to the project being scrapped and a more traditional house 

design was selected for the infill site. 

One important realization of this initial attempt was that stakeholder groups do 

not necessarily have the same goals or perspectives and the ideas about affordable and 

sustainable housing can have very different meanings.  Moreover, the language used to 

communicate the design information is not universally understood (see Dammann & Elle, 

2006).  In this case, GNDC’s definition of sustainable meant that the design would 

sustain the neighborhood character while ensuring affordable rent for future residents.  

From the perspective of the UTCSD, sustainable meant that the design would be very 

energy efficient, reduce consumption of resources, and have minimal negative 

environmental impact.  In this situation, the two perspectives were not able to be 

reconciled within the final design. 

Another important realization was the need for an additional stakeholder 

participant that could facilitate project delivery between academic institutions like UT 

and clients like GNDC both in terms of scheduling (unfortunately, project phases don’t 

always conform to academic semesters) and communication.  In early 2007, the Austin 

Community Design and Development Center (ACDDC) was formed as a non-profit 
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organization and soon after joined the AFI collaborative effort as project manager.  

ACDDC has been integral in facilitating regular meetings between clients like GNDC 

and the UT design studios and/or local architects.  ACDDC has also been important in 

applying for funding opportunities which would not otherwise be available to for-profit 

groups. 

To date, two alley flat prototypes have been constructed – one is now owned by a 

former GNDC client, and the other is a GNDC rental property in East Austin (see Figure 

4.4, 4.5).  Both prototype designs started in spring 2007 by the UTSoA architecture 

design studio led by Professors Steven Moore and Sergio Palleroni.  The first of these – 

Alley Flat v1 – was constructed in the summer of 2008.  The site featured an existing 

front house with the backyard facing an underutilized alleyway.  The proposed 720 

square foot house was designed for two local residents who lived in the front house and 

had established enough savings and equity to help finance the detached house with 

private loans in addition to fundraising done by students.  The initial budget goal was 

roughly $62,550 (~$90 per square foot including site work), but it was quickly realized 

that this was not feasible.  The lowest contractor bid was $129,850 and the final cost of 

the project was estimated by GNDC at $111,097.57

                                                 
57 Mark, Rogers.  GNDC Executive Director.  “AFI budget info: 1804 2nd Street.”  E-mail to the author. 12 
Mar. 2010. 

  Of the total project cost, ~$75,000 

was in the form of loans while the other ~$40,000 was in the form of donations.  The 

reason for the apparent savings of $18,753 between the final bid and actual cost can be 

traced to donated materials/services/labor from businesses, building trades, and student 

volunteer labor. 
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Figure 4.4: Alley Flat v1 prototype.  Source:  The Alley Flat Initiative:  Topics in 
Sustainable Development 2008 Report, p. 63. 

 

Figure 4.5: Alley Flat v2 prototype. 
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The house featured a slab-on-grade concrete floor and wood stick-frame 

construction with a rainscreen wall system.  Initially, the design called for structural 

insulated panels (SIPs), but it was cost prohibitive.  The roof was initially designed as a 

flat roof, but was ‘value engineered’ during the bidding process and replaced with a 

sloped snap-lock metal roof.  Various sustainable technologies were experimented with 

this first project, including: rainwater collection; tankless ‘on-demand’ hot water heater, 

donated ductless mini-split heat pump, Energy Star® rated appliances, salvaged cedar 

wood siding, donated pervious concrete paving, and donated solar photovoltaic (PV) 

array.  Finally, meters were installed to record energy and resource consumption for 

future comparison. 

Of the many challenges with this fist prototype, there are two in particular worth 

analyzing.  First, it was apparent that cost expectations by both the client (GNDC) and 

the design group (UTSoA) was not accurate and the project might not have been 

completed if it weren’t for various types of donations.  It was determined that cost 

estimating during the early design stages was necessary to ensure that project team 

expectations were consistent.  The second notable challenge involved the difficulty of 

doing a design-build project involving students during both the design and construction 

phases.  While the project followed a more traditional design-bid-build format, it was 

intended that UTSoA students would help with constructing exterior assemblies to help 

reduce costs.  However, the UT administration was not supportive of allowing students to 

participate in the building of a house off-campus for academic credit due to liability 

concerns.  While this was seen by faculty in the UTSoA as a valuable learning experience 

for architecture students, it encountered too much resistance.  Nonetheless, student labor 

was recruited on a volunteer basis, which helped with some exterior construction costs. 
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The second prototype – Alley Flat v2 – which also started design in the spring 

2007 semester, interestingly took an extra year and was completed in the summer of 

2009.  This 589 square foot house had a similar condition with an existing house in the 

front of the lot, except this time the alleyway was along the side instead of the back.  

Furthermore, the new alley flat resident would be for a wheel-chair bound extended 

family member living (at the time) in the existing front house.  This meant that the shared 

space and connections between the two houses would be more intimate and accessible 

than the first prototype. 

Another important difference was that the financing of the second project was 

practically the opposite of the first, where ~$60,000 was in the form of affordable 

housing bonds through the Austin Housing Finance Corporation (AHFC) and ~$25,000 

included a combination of private loans and grants.  The budget goal was $100,000 

(~$125 per square foot including site work), but initial bids came in well above the 

goal.58

                                                 
58 Rogers, Mark.  GNDC Executive Director. Interview by Justin Dowhower, Austin, TX, 15 September 
2009. 

  The project spent an extra year going through extensive ‘value engineering’ and 

redesign to meet the target budget.  This was mostly due to the fact that parts of the 

project were intended to be prefabricated and/or modular.  After going out for bidding 

three times, it became clear that prefabricated and/or modular construction was not 

feasible in the current economic climate.  Finally, a local contractor in the Guadalupe 

community was selected and the drawings were essentially handed off from ACDDC to 

the contractor to make modifications as-needed for on-site construction.  The drawings 

were significantly reduced and much of the original design details were simplified.  The 

final bid (spring 2009) for site-built construction came in at $94,750 and the final cost 
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was estimated at $85,000.59

This house featured many similar construction types and building systems as the 

first prototype.  Some of the differences included:  donated clay tile siding, salvaged 

wood ramp (for accessibility), donated metal porch/portico roof, donated metal 

flashing/trim, conventional ducted a/c heat pump, and ‘HardiePlank’ lap siding.  The 

construction of this project was also different in the respect that it had an official 

academic build component.  A six-week summer studio course was offered to 15 students 

in the UTSoA, of which, I was a participant.  To my dismay, the house had been mostly 

constructed by the time students became involved – the framing was erected, 

mechanical/electrical/plumbing was fitted, and exterior sheathing and interior finishing 

was complete.  The remaining tasks included: construction of a portico over the main 

doorways, construction of a porch and accessible ramp on the existing front house, 

construction of a fence around the perimeter of the house, cladding of the house exterior, 

staining of the interior concrete floor, and site grading/planting.  The students were 

divided into teams of 4-5 and assigned to a task.  I primarily worked on the porch/ramp, 

but also helped with the exterior cladding and site work. 

  Again, this savings in the final cost can be attributed to 

material and building system donations, grants, and student labor. 

While I will attest to the educational value that is inherent with any kind of 

‘hands-on’ participation, I was personally frustrated by the results of extensive ‘value 

engineering’ and overall lack of design information.  While I would have preferred that 

students could have built the house from the “ground up,” it wouldn’t have been feasible 

given the six-week timeframe for student participation.  Nonetheless, most of the 

construction tasks remaining were not fully developed or anticipated.  Actual 

construction methods, materials, and detailing were nebulous.  For the most part, 

                                                 
59 Gamble, Sarah.  Alley Flat Coordinator.  Phone Interview by Justin Dowhower.  11 March 2010. 
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decisions seemed almost entirely dependant on what items could be donated or purchased 

at [significant] discount.  As a result, the first two weeks of the build studio were devoted 

to design development of the various construction task items and research of materials.  

To make the situation even more challenging, the total budget for the remaining 

construction tasks was roughly $2,400!  The tasks were completed on time and with the 

allotted budget (with the help of donations and additional volunteer labor), but the 

process was frustrating and the final construction was haphazard. 

While most of the above challenges are to be expected with this type of project, 

there is much to be desired in terms of information workflows, affordability, and 

sustainability.  These areas must be improved if proponents of this type of development 

expect to increase the speed and number of infill housing units to curb unsustainable 

growth and meet the demands of low-income families in central Austin.  One immediate 

remedy to facilitate efficient workflows would be to include the contractor from the 

beginning of the design process.  The other more long-term solution to addressing the 

challenges with design development and cost control would be to introduce the use of a 

BIM workflow to encourage communication between stakeholders.  Each of these 

scenarios is discussed in greater detail in the last section of this chapter. 

AFFORDABLE STRATEGIES 

Affordability can be viewed from different perspectives.  One perspective is from 

the view of the architect and contractor.  How a building is designed, documented, and 

constructed will ultimately determine whether or not it will be ‘affordable.’  The choice 

of tools and processes used during the design and construction phases can have a 

significant impact on the final cost.  Another perspective is from the client or owner’s 

point-of-view where affordability is understood in terms of development process, 



 92 

ownership structures, and long-term costs.  These two views are linked, but there are 

different priorities for each stakeholder group involved. 

Financing and ownership structures for residential development are of critical 

importance to ensure that housing can be built economically and remain affordable over 

time.  The following text briefly explains some of the federal and local funding sources 

that are applicable for affordable housing development.  In addition, various types of 

ownership scenarios are discussed in terms of advantages and disadvantages.  It should be 

noted that there isn’t necessarily a single funding or ownership structure that will work 

for every affordable housing project every time, but the intent is that a flexible strategy 

should be developed between stakeholders to facilitate successful scenarios depending on 

local circumstances. 

There are at least four major federal level institutions which provide funding 

assistance for low-income families:  United States Department of Housing (HUD), 

Fannie Mae and Freddie Mac, Community Development Financial Institution Fund (U.S. 

Department of Treasury), and Federal Home Loan Banks (FHLB).60

There are also local funding sources that are typically available for affordable 

housing development.  One of these sources is through the CoA’s S.M.A.R.T. (Safe, 

Mixed Income, Accessible, Reasonably Priced, Transit Oriented) Housing Policy 

Initiative, which “is designed to stimulate the production of housing for low and 

moderate income residents of Austin.”

  More information 

about these funding sources and their affordable housing programs can be referenced in 

The Alley Flat Initiative: Topics in Sustainable Development 2008 Report. 

61

                                                 
60 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 64. 

  An application and review process is required 

before projects can be certified.  By meeting the policy requirements, housing 

61 Neighborhood Housing and Community Development. S.M.A.R.T. Housing Policy: Resource Guide. 
Austin, TX: City of Austin, 2008. 6. 
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developments can be eligible for fee waivers and expedited permitting reviews.  Table 

4.1 lists the percentages of compliant S.M.A.R.T. housing units compared to applicable 

percentages of fee waivers.  The CoA estimates that this would save approximately 

$1,500 per unit for single-family infill development.62

 

  In the case of the AFI, which are 

single-family units, these would be 100% S.M.A.R.T. Reasonably Priced Units if the 

homes are at or below 80% MFI.  “Reasonably Priced” for rental units means the units 

must be at 80% Median Family Income (MFI) or less for at least 5 years.  For home-

ownership, this requirement is only applicable for 1 year.  While S.M.A.R.T. Housing 

can offset some of the soft costs for affordable housing development, it represents a 

marginal impact to the overall development cost. 

A builder provides: The City of Austin provides: 

10% S.M.A.R.T. Reasonably Priced Units 25% Fee Waivers & Fast-Track Review 

20% S.M.A.R.T. Reasonably Priced Units 50% Fee Waivers & Fast-Track Review 

30% S.M.A.R.T. Reasonably Priced Units 75% Fee Waivers & Fast-Track Review 

40% S.M.A.R.T. Reasonably Priced Units 100% Fee Waivers & Fast-Track Review 

Figure 4.6: Percentage of Reasonably Priced Units and Fee Waiver Percentage through 
S.M.A.R.T. Housing.  Source:  S.M.A.R.T. Housing Policy:  Resource 
Guide, p. 9. 

Another local funding source is the CoA’s General Obligation Bonds (G.O. 

Bonds).  These funds are specifically oriented towards offsetting both hard and soft costs 

of construction for affordable housing projects.  Similarly to S.M.A.R.T. Housing, there 

                                                 
62 Neighborhood Housing and Community Development. S.M.A.R.T. Housing Policy: Resource Guide. 
Austin, TX: City of Austin, 2008. 17. 
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is an application process required before funds can be awarded.  Applications are 

awarded based on a point system associated with the following categories: 

• Experience and qualifications of the developer 

• Project budget:  completion and accurate estimations 

• Sources and uses of funding 

• Leverage:  bond funding relative to total project costs 

• Number of affordable units 

• Average general obligation bond investment per unit 

• Affordability period 

• Geographic dispersion 

• Project readiness and development schedule 

• Neighborhood Support 

• Participation of Minority or Women-owned Business Enterprises 

• Partnership with Non-Profit entities63

In addition to the above criteria, there are specific contract requirements including 

(but exclusive to) payments, reporting/record keeping, and long-term compliance – on-

going monitoring.

 

64

                                                 
63 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 69. 

  The AFI has in the past been able to receive G.O. Bonds, but 

funding is limited for single-family unit development.  Moreover, the point system for 

awarding applications does not give preference to projects meeting energy-efficiency 

criteria, which represents long-term cost savings.  Currently, the AFI is experimenting 

with “packaging” four single-family units into one application process in an effort to 

acquire a larger block of funding. 

64 Neighborhood Housing and Community Development. “Austin Housing Finance Corporation:  General 
Obligation Bonds.”  City of Austin.  25 April 2010 <http://www.ci.austin.tx.us/ahfc/gobonds.htm> (25 
April 2010). 
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The other perspective of affordability described at the beginning of this section 

involves various development scenarios for affordable and sustainable housing.  These 

might include:  individual homeowners, non-profit developers, private developers, 

neighborhood cooperatives, and city-backed development.  The appropriateness of each 

development strategy depends on the project goals and context surrounding the actor-

network. 

For individual homeowners, the idea is that the ‘front house’ residents (owners) 

would finance the development of an alley flat on the existing property.  The 

development of alley flats is likely to either help create additional income or provide 

housing for extended family members.  The physical relationship (i.e. privacy, access, 

and demarcation) between the ‘front house’ and the alley flat will depend on whether the 

relationship between occupants is familial or unrelated.  The ability to finance the 

development of an additional dwelling unit is similar to other traditional construction 

projects.  The homeowner would need to have enough equity and savings to borrow loans 

sufficient enough to pay for the full cost of construction.  The advantage of this option is 

that it is a straightforward and flexible per homeowner.  Homeowners realize full-

ownership of both houses and property.  The disadvantage is that this type of 

development is slow and does not guarantee any long-term affordability requirements. 

Non-profit developers are one of the most likely groups to assist with financing 

alley flats.  These groups are envisioned as primarily being community development 

corporations (CDCs) or community housing development organizations (CHDOs).  These 

groups generally have experience with developing infill housing and have a thorough 

understanding of zoning and financing requirements.  The difference with CDCs or 

CHDOs is that they are invested in their neighborhood community and therefore are more 

likely to pursue long-term affordable housing as a way of improving the neighborhood 
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context and quality of life for the local residents.  The advantage of this option is that 

non-profit developers have more financing opportunities than individual homeowners.  

Moreover, their regulatory experience and knowledge can be leveraged to expedite the 

development process.  These organizations will likely be more concerned with how alley 

flats fit within the context of the neighborhood and may have particular preferences about 

architectural aesthetics and innovative design strategies. 

Private developers are least likely to pursue the financing and construction of 

alley flats, primarily due to the relatively low profit margins.  Nonetheless, it is 

foreseeable that a private developer may partner with a non-profit organization as part of 

a joint venture in a neighborhood which might require local resident approval.  The 

advantage of this option is that private developers will likely be less restrictive during the 

design and construction process.  A development project that may be conducive to this 

type of partnership structure might include multi-unit developments where a portion of 

the houses are affordable.  Depending on the goals of the developer, higher quality 

development may be possible if financial concessions can be made.  Similarly with non-

profit organizations, private developers will be familiar with financing and regulatory 

frameworks, which can help expedite the process.  There will likely be less design 

restrictions regarding aesthetics and innovation in this scenario. 

In the case of a neighborhood cooperative, a group of residents would 

theoretically band together in partnership with the local neighborhood non-profit 

organization to develop alley flats in a specific area.  In this scenario, the lots would be 

owned by more than one entity.  One form of financing this type of development can be 

in the form of shared equity where multiple households’ pool funding for a neighborhood 

development organization, which would then take on the responsibility of development 

and construction of alley flats.  Ownership of these new housing units could eventually 
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be turned over to residents when costs are recovered.  This scenario is beneficial in 

realizing a high economy of scale and investing into long-term affordable neighborhood 

development.  There are also more probable opportunities for residents to participate in 

the actual construction of their alley flat, similar to the “sweat equity” model used for 

Habitat for Humanity projects.  This could be an effective way of reducing labor costs 

and thereby contributing to more affordable housing. 

The final development scenario envisions for alley flats involves the direct 

involvement of the local city as a developer.  Some cities act as both financial institution 

(through distributing federal and local funds) and as developer providing a certain 

percentage of affordable housing units per year.  The benefit of having the city develop 

affordable housing is that it can make ultimate decisions about allocating funds and 

altering zoning and permitting regulations as needed.  This autonomy can also be a 

potential disadvantage, as the city could very well disregard neighborhood context, local 

resident input, and local design innovation(s) in lieu of pushing through poor 

development quickly. 

In summary, it is clear that appropriate affordable strategies are dependent on 

both federal/local funding sources and development scenarios.  Ultimately, it is up to 

stakeholder partnerships to determine the optimal combination of financing and 

development structures that will foster an increase and improvement of affordable infill 

housing. 

SUSTAINABLE STRATEGIES 

As with the affordable strategies described in the previous section, the appropriate 

strategies for sustainable infill housing design and development requires both stakeholder 

initiatives and regulatory structures, which combined make ‘green’ design strategies 

achievable.  In the case of Austin, the electric utility company – Austin Energy – is city-
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owned and has developed its own Green Building Program (GBP) which predates the 

creation of the USGBC’s LEED Green Building Rating System.  The GBP covers single-

family residential, multi-family residential, and commercial projects.  The GBP focuses 

on five core areas:  energy, water, materials and products, health and safety, and 

community.  All projects are required to meet certain basic requirements in order to be 

certified.  Specific ‘green’ design measures, which are based on a weighted point system 

depending on the difficulty and cost associated with the particular option.  In addition, 

some of the points are variable depending on the extent of implementation.  The points 

are then tabulated to determine the project rating level, which ranges between one star 

and five stars.  The point categories for single-family residential projects are listed below: 

• Section 1:  Planning Process 

• Section 2:  Site 

• Section 3:  Design 

• Section 4:  Material Efficiency 

• Section 5:  Construction Waste Management 

• Section 6:  Thermal Envelope, Moisture and Pest Control 

• Section 7:  Plumbing 

• Section 8:  Mechanical 

• Section 9:  Electrical 

• Section 10:  Interiors 

• Section 11:  Landscape and Rainwater 

• Section 12:  Additions and Innovations65

                                                 
65 Austin Energy. “Green Building Participation: Forms and Guides.” City of Austin.  25 April 2010. 
<http://www.austinenergy.com/Energy%20Efficiency/Programs/Green%20Building/Participation/participa
tionFormsAndGuides.htm> (30 December 2009). 

 



 99 

Through collaboration between the CoA’s Neighborhood Housing Community 

Development (NHCD) department and Austin Energy, projects seeking S.M.A.R.T. 

Housing certification must achieve minimum GBP certification (one star).  In the case of 

the AFI, the goal has been to achieve at least a three star rating for each project.  

Prototypes v1 and v2 have each received five star ratings. 

As part of the on-going research with the AFI, it has been identified that 

distributed infrastructure is one of the best strategies for improving sustainable 

development – especially for infill housing.  Water and power tend to be centrally 

generated and distributed over long distances, which results in highly inefficient “line 

losses.”  It is important to note that the term “infrastructure” in this context includes not 

only physical pipes and wires but also the people who interact with these systems 

(engineers, policy makers, and consumers).  Therefore, distributed infrastructure implies 

a “socio-technical system,” which requires change for both technologies and social 

behaviors in order to be effective in curbing inefficient and unsustainable development.66

The CoA is similar to many cities, which have to struggle with high water 

demands for supply and waste water management.  One method of coping with these 

challenges has been to curb demand through incentives.  The Austin Water Utility 

currently offers rebates on replacement toilets, replacement clothes washers, rain barrels, 

rainwater harvesting system, irrigation upgrades, and pressure reduction valves.

 

67  The 

CoA also has a Grow Green program, which is a landscaping initiative aimed at 

protecting and conserving water resources.68

                                                 
66 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 86. 

  While these rebates and programs are 

helpful, it does not address the core problem associated with centralized water treatment 

67 Austin Water. “Water Conservation: Rebate Listings.” City of Austin. 7 March 2010. 
<http://www.ci.austin.tx.us/watercon/rebatelist.htm> (7 March 2010). 
68 City of Austin. “grow green: landscaping for clean water.” City of Austin.  25 April 2010. 
<http://www.ci.austin.tx.us/growgreen/> (25 April 2010). 



 100 

and pumping facilities, which are prone to systematic failures that can impact large areas 

of the city.  Of the approximately 140 million gallons of water used per day in Austin, it 

is estimated that more than 60% is consumed solely by residences (potable water and 

irrigation).69

The AFI has currently taken advantage of rainwater harvesting and storage 

through the use of rain barrels.  The intent is that this stored water can be used for 

irrigation purposes, especially during the summer months when water is scarce.  There 

are other strategies for managing water in a distributed manner, but they tend to incur 

higher initial costs and have not yet been financially viable for alley flats.  Some of these 

include gray water re-use (potable water retrieved from household plumbing fixtures, 

except for toilets), bioswales (shallow ground retentions with filtration media), rain 

gardens (native planting drainage areas), and porous pavement (allows water to penetrate 

to the soil below).  One current impediment with implementing some of these strategies 

is the lack of incentives by the city to make them affordable.  Another issue is that current 

policies address water catchment and re-use on a per-lot basis rather than a larger 

neighborhood or regional basis.  If policies were altered to take into account neighboring 

lots and even entire city blocks, this could start to make a larger impact on water 

demands and waste water treatment. 

  This issue has been compounded by increasing population growth and 

seasonal droughts.  In reaction to this situation, the CoA permits residents to harvest 

rainwater and store it on-site for potable (drinking) and non-potable use. 

In regards to electricity demands, the CoA has taken an aggressive position on 

addressing demand through its 2020 Climate Protection Plan goals, which include 

mandating that by 2015, all new single-family housing must be built as Zero Energy 

Capable Homes (ZECH).  This means that the homes should perform 65% more 
                                                 
69 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 88. 
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efficiently than comparable homes built in 2006.70  One method identified to help assist 

with achieving this goal is through the use of on-site renewable energy generation.  The 

CoA Solar Rebate Program for residential solar photovoltaic (PV) systems in the amount 

of $2.50 per watt with annual rebate limitations of $15,000 per site and maximum system 

costs of $50,000.71

Despite these incentives and regulations, there are still challenges to creating a 

wide-scale distributed power generation system in Austin.  Even with the Solar Rebate 

Program, it can still be financially prohibitive for housing projects like alley flats to 

afford PV systems.  The first alley flat prototype v1 was able to have a PV system 

through a donation of the solar panels by a local distributer/installer.  Another challenge 

is that Austin has a high percentage of tree canopies covering the city and there are city 

regulations in place to protect certain trees larger than a certain trunk diameter.  This can 

conflict with the CoA’s incentives for solar installations, where the environmental 

benefits of shade-providing trees more than offsets the renewable energy gained from a 

solar array.  Currently, the city does not have a creative solution for dealing with this 

conflict. 

  It should be noted that the CoA has occasionally run out of allocated 

funding in the past due to high number of applications.  In order for applicants to qualify 

for rebates, there are certain restrictions: the applicant must own the house; the roof must 

be unobstructed and unshaded; the property must not have any deed restrictions; the roof 

or structure must be in good condition and capable of supporting the system; and the 

applicant must be able to pay up to $10,000 in cash for the PV system. 

                                                 
70 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. 115. 
71 Austin Energy. “Power Saver Program: Solar Photovoltaics - Residential Solar PV Rebates.” City of 
Austin.  4 April 2010. 
<http://www.austinenergy.com/Energy%20Efficiency/Programs/Rebates/Solar%20Rebates/residential.htm
> (1 April 2009). 
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In summary, the combination of stakeholder goals and regulatory frameworks is 

required to help improve sustainable design and development strategies.  In the case of 

alley flats, these goals and frameworks still require modification and adaptation to 

appropriately respond to this particular type of infill housing development.  Nonetheless, 

alley flats represent a unique opportunity to provide distributed infrastructure while 

connecting to existing utilities and transportation corridors. 

FUTURE SCENARIOS & OPPORTUNITIES 

The AFI as a case-study is understood as an evolving concept – what is currently 

being defined as “alley flats” may change over time.  At present, this form of 

affordable/sustainable infill housing is demonstrating promising opportunities, but it is 

progressing slowly and has not yet reached a level of development maturity.  There has 

been an attempt by the AFI stakeholders to propose future scenarios where the AFI would 

become part of a larger objective and a well defined project delivery system.  One such 

scenario has been identified as the “East Side House Farm” (ESHF), which is perceived 

as becoming a system for affordable/sustainable design, construction, and delivery.  

Beyond the current goals of the AFI, the ESHF is intended to improve ‘green’ design 

strategies, create innovative home-ownership financing options, and provide jobs/training 

to local residents. 72

• Mobile Tour – outreach to community members through a mobile education 

platform that is both physical and virtual (online). 

  In order to accomplish these goals, the ESHF will emerge out of 

four phases of development: 

• Community Storefront – setup a physical location with virtual and physical 

media, which would serve as a space for meetings and workshops. 

                                                 
72 The University of Texas Center for Sustainable Development.  The East Austin House Farm: Topics in 
Sustainable Development 2009 Report.  Austin, Texas: The University of Texas at Austin, 2009. 1. 
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• Demonstration Space – construct a full-size showcase alley flat building that will 

demonstrate the construction innovations and provide green jobs training. 

• Full-scale Production Site – acquire a factory or warehouse facility for the full-

scale efficient production of alley flats with the help of hands-on community 

involvement.73

The ESHF anticipates that large-scale production of alley flats will incorporate 

some form of prefabrication or modular construction.  A hybrid version of construction 

might take the form of “chunks” being constructed offsite in the production facility that 

are typically the same for all alley flats (i.e. bedroom, bathroom, and kitchen/living 

room).  These would be transported to the site and additional building components would 

be added on to finish construction (i.e. floor, roof, porch, deck, driveway, and 

landscaping).  Both of these steps have the opportunity for sweat equity and would be 

more flexible than doing solely site built or prefabrication alone. 

 

Several issues, however, are not directly addressed by the ESHF, including 

contractual relationships and information workflows used to “ramp up” production of 

alley flats.  In terms of contractual relationships, the first AFI prototypes v1 and v2 have 

both used a traditional design-bid-build framework, but it is unlikely that this project 

delivery model is ideal, especially considering the collaborative demands that are needed 

between stakeholders in order to successfully develop affordable/sustainable housing 

development on a large scale.  A potential improvement would be to experiment with a 

design-build framework and compare overall project costs and ‘green’ design innovation 

with the previously constructed alley flat prototypes.  This would require that a general 

contractor is selected at the beginning of the design process under a written agreement 

                                                 
73 The University of Texas Center for Sustainable Development.  The East Austin House Farm: Topics in 
Sustainable Development 2009 Report.  Austin, Texas: The University of Texas at Austin, 2009. 15. 
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that they will be awarded the project.  This represents a more integrated design and 

construction process that could improve flexibility, collaboration, and education among 

the development team, while also allowing for earlier procurement of materials/systems if 

the contractor is informed of the design intent well before construction beings.  Mark 

Rogers, Executive Director of GNDC, has already expressed a willingness to pursue this 

option for future alley flats.74

Design technologies and information workflows also need to be analyzed in terms 

of appropriateness for this type of development.  This includes the software tools and 

methods for communicating design information between stakeholders.  The first two 

alley flat prototypes, for instance, have utilized a CAD-based design workflow.  While 

this has been sufficient for design and construction documents, it is not necessarily an 

ideal workflow to improve aspects of affordability or sustainability.  A scenario that has 

yet to be fully implemented and tested involves the utilization of a BIM-based design 

workflow.  Figure 4.7 illustrates the current CAD-based information workflows between 

the AFI stakeholders and Figure 4.8 illustrates the proposed workflows using a BIM-

based workflow.  Each line connection represents a design-related information file 

transfer between one or more participants.  Both figures are based on participant 

observations and interviews conducted with the current AFI stakeholders. 

 

The next step of this research will be to test the various stakeholder frameworks 

and information workflows within the context of the fully developed ESHF.  It is 

important to point out, however, that aspects of affordability and sustainability involve 

both technological and social forces that require equal investigation and testing in real-

world contexts. 

                                                 
74 Rogers, Mark.  GNDC Executive Director. Interview by Justin Dowhower, Austin, TX, 15 September 
2009. 
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Figure 4.7: AFI current information workflows (CAD-based). 
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Figure 4.8: AFI proposed information workflows (BIM-based). 
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Chapter 5:  Summary & Conclusions 

 This research provides significant conclusions regarding the perceptions and uses 

of BIM technology for affordable and sustainable housing.  The conclusions lead to a 

series of recommendations for each respective stakeholder group encompassing how to 

engage the BIM design workflow and leverage BIM data to maximize the potentials for 

affordability and sustainability.  The main points are explained in three main categories: 

affordability, sustainability, and stakeholder relationships/workflows. 

BIM IMPACTS ON AFFORDABILITY 

 In terms of economy and affordability, I was interested to learn how BIM could 

be used to either reduce project costs and/or leverage additional funding sources.  I will 

discuss affordability in terms of life-cycle assessment and operational costs later in the 

following section.  I broke down the budget for alley flats into ‘hard costs’ and ‘soft 

costs’ (sometimes referred to as direct and indirect costs respectively).  Hard costs 

encompass procurement for materials, construction, and labor.  Soft costs on the other 

hand, involve administrative costs and overhead associated with the design and/or 

construction process (ex. city permitting fees or construction meetings), but not including 

financing costs or debt service. 

Hard Costs 

In this section, I discuss the various hard costs associated with 

affordable/sustainable housing projects and how BIM can be used primarily by architects 

or contractors to impact these costs. 

Hard cost impacts for affordable and sustainable housing developments were 

primarily identified using expertise from local contractors and builders in the Austin area.  

Based on interviews with local builders – two of which are currently using BIM software 
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(Envisioneer and Vectorworks) – there is consensus by these local experts that hard costs 

will not be significantly reduced by the use of BIM technology over more traditional 

methods including CAD-based software.  The cause for this has less to do with the tools 

used to execute the design-construction process and more to do with the number and type 

of projects being done.  It basically comes down to economies of scale – not unlike 

purchasing in bulk, the more projects going out for bid and being constructed 

simultaneously, the greater the savings.  An important aspect of this concept is not only 

quantity of construction, but also redundancy, standardization of construction, and 

centralization of resources.  The contractors I interviewed indicated that using standard 

detailing methods and clear drawing information is essential to making small housing 

projects affordable.  This cost control measure is discussed in greater detail in the 

following section. 

The ‘economies of scale’ has been identified in the AFI as “The Neighborhood 

Partnership Block Development Scenario (cooperative)” where a group of residents 

partner with the local community development organization to develop a series of infill 

housing units within an urban block.75  The idea in this scenario is that a group endeavor 

is more efficient than doing individual one-off projects.  A hybrid strategy is currently 

being experimented with four disjointed Alley Flat projects simultaneously applying for 

funding, permitting, and bidding.  This concept has yet to be tested using a pre-fabricated 

or modular construction technique which is the idea behind the “East Side House Farm” 

(ESHF).76

                                                 
75 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas: The University of Texas at Austin, 2008. 77. 

  Unfortunately, investigating the cost-saving potentials for using BIM 

specifically for pre-fab/modular construction compared to site-built construction fell 

outside the scope of this research. 

76 The University of Texas Center for Sustainable Development.  The East Austin House Farm: Topics in 
Sustainable Development 2009 Report.  Austin, Texas: The University of Texas at Austin, 2009. 
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It is important to note that there is an inverse relationship between construction 

complexity and overall cost in the context of current construction practices.  As the 

number of construction types, materials, and details increases, the ability to reduce costs 

decreases.  The strategy that ACDDC has taken with its projects is to put out to bid the 

minimal number of sheets and details needed for a complete set of permit drawings.  

There are two opposing schools of thought on this approach.  On the one hand, a 

construction administrator like ACDDC might argue that minimizing the design 

information reduces bid costs and project risk, because it gives the contractor(s) more 

freedom to use preferred methods of construction.  This was definitely the case for Alley 

Flat v2 which was completed in the summer of 2009.  The project remained stalled in bid 

negotiation for about a year as the design was ‘value engineered’ and ended up being 

handed over to the contractor to make final modifications so the project would bid within 

budget. 

I personally believe that the above approach leaves much to be desired in terms of 

design intent and quality control.  This sentiment has also been echoed by several other 

alley flat stakeholders including ACDDC.  This result of this approach was particularly 

evident during the 2009 build of Alley Flat v2 where overall construction techniques 

were fairly conventional with the exception of donated building materials/systems.  Of 

course, if there is a strong relationship between the contractor and project manager with 

common understandings about expectations, then this type of process may create a new 

“culture of construction.”  Howard Davis explains in The Culture of Building that we 

can’t expect to make large-scale improvements to our buildings and cities until there is 

increased transparency and learning about the tools and procedures used in various 

cultures of construction.  Davis makes the argument that having the willingness to break 



 110 

the conventional divisions and workflows relies strongly upon stakeholder 

relationships.77

The intent of affordable and sustainable housing initiatives like the AFI is that 

projects can seamlessly evolve over time and new stakeholder partnerships can be formed 

quickly while pushing forward innovative strategies.  This has been identified as part of a 

long-term goal to create “a flexible and self-perpetuating delivery system.”

   This point is discussed further in the final section of this chapter. 

78  A part of 

this vision may eventually take the form of a true design-build process, where the general 

contractor is on board from the very beginning, however, presently all alley flat projects 

have been closer to a traditional design-bid-build process where contractor selection is 

unknown during design development and student/volunteer construction labor is minimal.  

Again, this preferred process is dependent on strong relationships between stakeholders, 

which may or may not be the case for every project.  It is interesting to note that when 

comparing overall construction methods, design-build project delivery systems are 

projected to exceed design-bid-build projects 20% by 2015.79

Another approach that has been used on many true design-build housing 

development prototypes is the utilization of student labor and/or local volunteer labor – 

the projects done by Habitat for Humanity are a good example where potential 

homeowners are required to give hundreds of hours of “sweat equity” to build their house 

  The contractors I 

interviewed all mentioned the importance of their relationship with the client and/or 

architect.  If the relationship was positive (i.e. there is mutual respect and similar 

goals/interests), the mark-up costs would tend to be lower and vice versa. 

                                                 
77 Davis, Howard.  The Culture of Building.  Oxford University Press, Inc., New York, NY, 2006. 3-5. 
78 The University of Texas Center for Sustainable Development.  The Alley Flat Initiative: Topics in 
Sustainable Development 2008 Report.  Austin, Texas:  The University of Texas at Austin, 2008. vi. 
79 Elvin, George. Integrated Practice in Architecture: Mastering Design-Build, Fast-Track, and 
Building Information Modeling. Hoboken, N.J.: John Wiley & Sons, 2007. 22. 
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and others in the community.80  But unlike Habitat projects, the AFI has not been able to 

implement the same degree of volunteer labor.  The reasons for this are discussed in 

Chapter 4.  Student labor has been utilized to some degree (building cladding, shading 

devices, and site construction), but it is not identified as a primary goal of the AFI, nor 

has it been demonstrated that the current degree of student/volunteer participation can 

significantly reduce labor costs.  There is undoubtedly an educational value for 

architecture students to do hands-on construction, but it can’t be expected that affordable 

and sustainable housing development can be proliferated on a large-scale by academic 

institutions alone.  Therefore, in order for labor costs to be reduced by volunteer labor, it 

is necessary to have a suitable framework that facilitates both liability and training for all 

parties involved.  One scenario proposed in ESHF includes a four-phased approach with 

the final phase envisioned as a housing manufacturing plant that would potentially 

incorporate green-jobs training and sweat equity in a controlled production space or 

facility. 81

There seems to be agreement among the local builders and architects I 

interviewed that hard costs could potentially be impacted during the design development 

stage before a project goes out for bid.  An important aspect of this is making sure a 

contractor or builder is a part of the early design process.  (This approach has been used 

for the last two alley flat design studios in the UTSoA, but this approach has not yet 

expanded beyond the academic arena.)  During the early design stages, BIM can have an 

impact on anticipated project costs.  By nature of creating a three-dimensional parametric 

  The specifics of this scenario are speculative at the moment, but there is great 

potential for cost savings if the AFI were to reach this level of large-scale production. 

                                                 
80 Habitat for Humanity.  “Habitat for Humanity Fact Sheet (frequently asked questions).” Habitat for 
Humanity International.  27 February 2010. <http://www.habitat.org/how/factsheet.aspx>  (27 February 
2010). 
81 The University of Texas Center for Sustainable Development.  The East Austin House Farm: Topics in 
Sustainable Development 2009 Report.  Austin, Texas: The University of Texas at Austin, 2009. 15, 36-43. 
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model that supports bi-directional referencing, what you see is what you get.  Travis 

Young, a local architect in Austin who uses ArchiCAD for his designs, described how he 

uses BIM models for visualization purposes to show the design intent accurately from the 

beginning.  He often includes renderings and 3D images in the drawing set to help 

communicate design intent to stakeholder groups including the client and contractor.  

Any issues or concerns can be addressed during the early stages of design because the 

BIM model shows accurate information.  This is an important step to encourage builder 

buy-in early on in the design process to do accurate cost-estimating.82

Shiloh Travis, a local builder in the Austin area, estimates that if a BIM model 

had been used during the spring 2009 Alley Flat v3 design studio, it could have reduced 

cost ambiguity by up to 15% and would have eliminated the majority of the consultation 

time needed to interpret the various design drawings provided by architecture students.  

He argued that, “anything that clarifies communication is useful.”

 

83

                                                 
82 Young, Travis.  Project Architect, Studio Momentum.  Interview by Justin Dowhower, Austin, TX, 5 
October 2009. 

  Among the builders 

I interviewed, the average margins (contingency cost) for their affordable/sustainable 

housing projects was around 20% - but this value could fluctuate based on scale, scope, 

clarity of detailing and most importantly, the relationship with the client.  It could be 

argued that drawings produced by architecture students may be more inconsistent and 

inaccurate compared to drawings done by licensed architects, however, it still makes the 

case that BIM provides clarity of design and construction intent.  Many BIM software 

tools including Autodesk’s Revit Architecture can do material quantity takeoffs directly 

from the parametric model.  There was unanimous agreement between the architects and 

contractors I interviewed that this data provides a quick and accurate means for 

estimating building hard costs. 

83 Travis, Shiloh.  Design/build contractor.  Interview by Justin Dowhower, Austin, TX, 14 October 2009. 
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My personal experience using Revit Architecture to simulate the design of Alley 

Flat v1 supports this consensus among the local building trades.  I was able to build the 

BIM model and quickly extract material quantities based on the model parameters.  If I 

made any changes to the model, these quantity values would update in real-time.  

Furthermore, costs per material quantity could be plugged into the Revit database to 

provide cost estimates.  However, I was informed by Nancy Clark Brown, an Autodesk 

AEC Education Solutions Specialist, that cost estimates are better performed using 

Autodesk Quantity Takeoff rather than trying to perform this function inside Revit 

Architecture.84

The combination of incorporating a contractor on board early on in the project 

design phase and utilizing BIM for quick and accurate cost estimates, leads me to 

conclude that impacting hard costs in any significant fashion is dependent on both social 

and technological practices.  From a social perspective, it is necessary for the appropriate 

stakeholders to coordinate how a contractor or builder may be involved in the design 

process and what relationship that might look like from design through construction.  In 

addition, risk management will be a key component to cost control.  It is conceivable that 

a contractor or builder can provide free cost estimating and consulting services with the 

understanding that there is a good chance they will be hired to build the project.  Since 

there is already more of an informal relationship between stakeholders involved with 

housing than with other larger-scale project types it reinforces this concept of informal 

  This is an example of how certain workflows are intentionally developed 

for collaboration between various AEC industries.  Overall, I believe this speaks to the 

fact that BIM is benefiting large-scale, large-budget projects, but has yet to percolate 

down to small-scale, small-budget projects like affordable/sustainable housing 

development due to how the technology is being developed and marketed. 

                                                 
84 Brown, Nancy Clark.  AEC Education Solutions Specialist, Autodesk Inc.  Interview by Justin 
Dowhower, Austin, TX, 26 October 2009. 
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collaboration and good faith and trust between groups.  This phenomenon of informal 

versus formal relationships can probably be explained by the nature of the project type.  

Small-scale, small-budget housing developments, for example are typically localized, 

which narrows the number of players who could potentially be involved. 

From a technological perspective, BIM is a very useful tool because of the 

capabilities to extract material quantities and calculate cost estimates quickly and 

accurately from the digital model.  This is currently not available with CAD-based 

design/documentation tools which require some form of manual tabulation and added 

time to achieve similar results.  It should be noted however, that although most BIM tools 

have the capability to do material and quantity takeoffs, this does not imply that 

affordable/sustainable housing design teams are (would be) using it in this fashion.  

Moreover, among the builders and architects I personally interviewed, none of them had 

used BIM to coordinate construction costs across trades (i.e. architect-to-builder).  

Therefore, the use of BIM to coordinate construction costs among the design team 

represents a real opportunity for affordable and sustainable housing, but it requires both 

stakeholder collaboration and competent use of BIM technology. 

In summary, the implementation of BIM solely as a CAD replacement will not 

significantly reduce hard costs that can further perpetuate and improve the development 

of affordable/sustainable housing.  The key to addressing hard costs is to use the 

technology in following ways:  first, use BIM as a communication tool to visualize the 

design/construction intent clearly and second, use BIM as a quantifying tool to minimize 

the guesswork that needs to be done by the contractor. 

Soft Costs 

 In this section I discuss the various soft costs associated with 

affordable/sustainable housing development.  As I explain below, there are two types of 
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indirect costs – those that are explicit and those that are implicit.  BIM can have an impact 

on both, but the implicit costs are perhaps the greatest expense in the long-run. 

Soft costs include administrative expenses, overhead, fees, and other indirect 

costs for building development (not including financial costs or debt service).  The 

majority of these soft costs can be traced to the local municipality which dictates how 

development occurs and the process for ensuring compliance with applicable codes and 

ordinances.  The City of Austin (CoA) lists eight categories of fees comprising upwards 

of 30 fees that may be applicable for residential building development.  It is interesting to 

note that development and related fees have increased dramatically over the last year due 

to the current economic downturn (the only tax revenues for CoA come from sales and 

real-estate) and it only adds additional financial burden to affordable/sustainable housing 

projects.  Fortunately, the CoA has developed “The S.M.A.R.T. Housing” policy 

specifically for affordable/sustainable housing development which provides fee waivers 

to applicable developments if compliance is achieved.85

My interviews with various CoA officials have provided some valuable insights 

and conclusions – the word that I kept hearing was “inefficiency” but there seemed to be 

some discrepancy as to the cause of it.  One area of inefficiency was identified 

  The AFI, for example, has 

utilized this asset to save hundreds to thousands of dollars on project costs by applying 

and meeting the requirements for S.M.A.R.T. Housing.  Although this appears to be one 

solution to mitigating soft cost expenses, it does not address the root of these costs, nor 

does it address the tools used to facilitate information workflows between stakeholder 

groups – which ultimately may be causing inflated fees to begin with.  Moreover, not all 

city governments have developed incentives to offset the administrative fees associated 

with residential development. 

                                                 
85 Neighborhood Housing and Community Development. S.M.A.R.T. Housing Policy: Resource Guide. 
Austin, TX: City of Austin, 2008. 6. 
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specifically with the S.M.A.R.T. Housing review process.  According to Javier Delgado, 

a CoA Project Manager for S.M.A.R.T. Housing development, the issue is that the 

number of disciplines and city staff involved in the process makes consistency hard to 

achieve.  Furthermore, it is difficult to efficiently disseminate changes to the various 

building code requirements.86

Another area of inefficiency identified was with the current tools that city staff are 

using to maintain building records and facilitate the review process.  The CoA appears to 

be using a combination of digital and non-digital methods.  For instance, architects 

submitting documents to Neighborhood Housing and Community Development 

Department (NHCD) will usually email PDF drawings, but other city departments such 

as Watershed Protection and Development Review require hard copies of drawings to be 

submitted.  David Potter, Housing Development Manager for the Austin Housing Finance 

Corporation (AHFC), explained how his staff each use a spreadsheet of information to 

keep track of application information and building records in addition to updating a 

centralized database referred to as AMANDA, – but this workflow creates information 

gaps and redundancy.  Some city departments are moving towards a digital review 

process which is intended to streamline and simplify the review process.  While this is a 

good first step, the information contained in PDF’s for example – albeit a digital file 

format – is of little benefit to reducing inconsistent reviews and discrepancies about code 

requirements.  What is really needed is to not only change the tools, but also the process 

for collecting and managing building information.  The digital review process is a prime 

example of how the tools are changing (i.e. internet, digital file formats…etc), but the 

social process of review and approval is not co-evolving – in other words, the 

information is still being used in the same ways, but instead of having a hard paper copy 

 

                                                 
86 Delgado, Javier.  Project Coordinator, Austin Housing Finance Corporation.  Interview by Justin 
Dowhower, Austin, TX, 28 October 2009. 
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stored on a shelf, there is a digital copy stored on a hard drive.  The co-evolution of 

process means that the city’s online review interface and data collected by city staff can 

be linked, extracted, modified, and archived to create an intelligent database of 

information. 

Encouraging the use of BIM as an integral part of the review process could be an 

important step in truly addressing inefficiencies and could save the city money in the 

long-run.    Currently, the city does not use BIM tools for any of its own projects, nor is 

there any impetus for local architects or builders to use a BIM tool over less capable 

design/documentation software.  There seems to be a perception that all the tools used to 

communicate design intent are equal – but this perception starts to change when we think 

of BIM as not only a production tool, but also a communication tool.  For instance, Javier 

Delgado expressed that if the design intent for projects was clearly communicated, then it 

would save time during the review process, which in turn would reduce the number of 

staff hours and overall cost to review projects.87  Currently, affordable housing projects 

going through the AHFC take an average of four months to review start to finish.88

I can envision two scenarios where BIM could be used by the CoA to reduce soft 

costs related to building development at the source.  First, the city would mandate that all 

building submittals for any review process must include plans, elevations, sections, 

perspectives, renderings, visual code compliance…etc. to ensure that the design intent is 

clearly communicated leaving very little room to misrepresent or misinterpret the 

information.  This would not require that BIM be used for every project, nor would there 

be any direct incentives to use a BIM tool over another design/documentation tool, but it 

  The 

consequence of such delay is increased economic risk and thus inflated soft costs. 

                                                 
87 Delgado, Javier.  Project Coordinator, Austin Housing Finance Corporation.  Interview by Justin 
Dowhower, Austin, TX, 28 October 2009. 
88 Potter, David.  Housing Development Manager, Austin Housing Finance Corporation.  Interview by 
Justin Dowhower, Austin, TX, 23 October 2009. 
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would be more efficient to use a tool that can accomplish the above requirements using a 

single parametric model, which most BIM tools are capable of accomplishing.  

Moreover, the time that would be saved by city staff due to the reduction of errors, 

inconsistencies, and correspondence could have a significant impact on the city’s 

financial overhead, and ultimately costs to builders and taxpayers. 

The second scenario is a more aggressive approach, where the CoA would 

mandate that BIM be used on all applicable projects submitted for review and the city 

would use the digital model as part of a record-keeping database – not unlike how the 

AMANDA database is currently being used to centralize building development 

information in Austin.  The benefits to this scenario could be enormous – beyond cutting 

soft costs.  This approach is currently being experimented by another government agency 

– the Texas Facilities Commission (TFC), which manages all of the state’s development 

projects including design, construction, and facilities management.  Wisconsin and Texas 

are currently the only state governments that are requiring BIM utilization for their 

commissioned projects (it should be noted that the U.S. General Services Administration 

(GSA) has required BIM model for federal project since 2007).89

                                                 
89 Wendt, Allyson. “States Adopt BIM for Energy, Cost Savings.” Building Green, LLC. 28 February 
2010. <http://www.buildinggreen.com/auth/article.cfm/2009/10/30/States-Adopt> (30 October 2009). 

  But unlike Wisconsin, 

Texas is requiring that all projects use a single BIM platform – Autodesk’s Revit.  

According to Chris Tisdel, BIM director for the TFC, the BIM information is not only 

valuable for design and construction, but also to track changes over time.  The ultimate 

goal, Tisdel says, is to create an “enterprise solution” which would allow for real-time 

collaboration and link this information to an online “Google Earth” type interface where 

building data could be prompted visually with the appropriate access rights (government 
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staff).90

It is true that state government projects the TFC manages are very different 

compared to the affordable/sustainable housing projects that go through the AHFC.  

However, it has been argued that the use of BIM is less dependent on project type and 

more on the number of stakeholders involved and the complexity of the relationships 

between them.  Even so, one cannot dismiss the high probability that an architect or 

contractor employed by the state is probably in a better financial position to invest in 

BIM software/training compared to an architect or builder working with a non-profit 

housing developer. 

  The ambitious path that some government agencies are taking to implement 

BIM shows great potential, but there are several barriers to a smooth transition. 

The way this scenario might work for the CoA would necessitate that the city 

purchases the appropriate BIM software (Revit, for example) and ensure that staff are 

properly trained.  This would be a substantial financial investment and would require the 

overhaul of the city’s current review process.  Government agencies like the TFC have 

already determined that the investment cost for implementing a BIM process will 

ultimately pay off in the long-run.  A second potential barrier for the CoA could be that if 

all project submissions are required to be in a BIM file format (Revit or otherwise), it 

could backfire by forcing small-scale affordable/sustainable developers, builders, and 

architects to cut back on development to compensate for the software/training investment 

costs.  The caveat to this predicament is that the city could facilitate training and 

subsidize (or provide indirect rebates) on the BIM software costs for eligible groups – not 

unlike how the CoA’s S.M.A.R.T. Housing program waives applicable fees for housing 

development that meets its requirements.  BIM, in like fashion could be used as a code 

compliance tool (visualization for design intent); for centralizing project information that 
                                                 
90 Tisdel, Chris.  BIM Director, Texas Facilities Commission, Interview by Justin Dowhower, Austin, TX, 
16 November 2009. 
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can be updated and used at a later time for data comparison; and it could be used to save 

staff time and reduce review errors.  An example of how BIM could be used for code 

compliance is with the CoA’s ‘McMansion Ordinance,’ which places height restrictions 

on residential zoned areas.  The city could make a Revit template (like the TFC has 

already done for its projects) and include a 3D parametric massing component that could 

be adjusted for any conceivable site condition.  The benefit is that everyone would have 

access to the same building parameters that could be visualized in 3D to quickly 

demonstrate code compliance. 

It is important to note that soft costs also include the investment required for BIM 

software and long-term training.  In addition, there are also added costs due to current 

inefficient practices.  It can be difficult to track the degree to which these indirect costs 

contribute to the overall price of affordable/sustainable housing.  As I discussed 

previously in Chapter 2, the National Institute of Standards and Technology (NIST), 

found in their 2002 study that workflow inefficiencies accounted for an average increase 

in construction costs by $6.35 per square foot for new building design, construction, 

operations and maintenance.91

                                                 
91 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 11. 

  BIM has been demonstrated in case study examples to 

reduce both time and costs associated with the inefficient use of technologies in the AEC 

industry.  According to the NIST estimate, a building of 1,000 square feet could have an 

increased cost of $6,350 due to interoperability inefficiency assuming conventional tools 

and methods are used between stakeholders.  This estimate is probably too high for 

affordable/sustainable housing projects since they do not involve numerous AEC industry 

groups with specialized software needs that are all trying to coordinate complex building 

design information.  Nonetheless, communication errors can occur for exactly the 

opposite reason – stakeholders are not using the appropriate technology to communicate 
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with each other.  BIM could assist in mitigating these indirect soft costs, but it would 

have to be balanced against the upfront investment of BIM software and training costs. 

BIM IMPACTS ON SUSTAINABILITY 

In this section, I discuss various ‘green’ design strategies that BIM can make 

easier and faster to achieve compared to conventional CAD-based tools.  I make an 

important distinction, that in order to achieve sustainability in the end, BIM must be used 

in conjunction with social and political agents working together to achieve common 

goals. 

BIM has not only been heralded as a new and more efficient process for design 

and documentation, but it also “has the ability to help guide the industry in a more 

sustainable direction by allowing easier access to the tools necessary to quantify a 

greener design approach.”92

                                                 
92 Krygiel, Eddy and Bradley Nies. Green BIM: Successful Sustainable Design with Building Information 
Modeling. Indianapolis, IN: Wiley Publishing, 2008. 25. 

  Eddy Krygiel and Bradley Nies outline various strategies for 

doing ‘green’ design using BIM.  They make the argument that although these strategies 

are nothing new, the tools have evolved and can make achieving ‘green’ design goals 

much easier.  I believe that this assessment is true based on my simulation research 

building a digital BIM model of the first Alley Flat v1 prototype using Autodesk’s Revit 

Architecture.  I was able to perform building orientation changes, shading studies, and 

energy simulations.  The limitation I faced while doing the simulation research was that 

the building had already been built – so performing certain analysis functions, such as 

building massing, was not applicable.  Another barrier I encountered was that some of the 

‘green’ design strategies I attempted to do while using Revit took substantial effort and 

time – and sometimes didn’t work.  This was due to my limited expertise using Revit and 
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because the software had not been developed necessarily for how I was intending to use 

it. 

As previously discussed in Chapter 2, I attempted to design a parametric solar 

photovoltaic array in Revit which would link information for the array orientation, 

altitude, azimuth, surface area, and solar radiation into a spreadsheet.  When the solar 

array component was moved or modified in the model, the data linked to it would update 

in the spreadsheet making it easy to quantify the potential for solar photovoltaic on a 

building surface.  The process involved calculating incident radiation for incremental 

orientation vs. azimuth angles and trying to extract that information from the model 

component.  The process ended up being too time consuming and frustrating.  I was not 

successful in my attempt to create an ‘intelligent’ solar array, but the lesson I learned was 

that although BIM is intended to save time and effort, it can backfire if users are 

inexperienced or if the tool is not intended to be used in a particular way.  Many BIM 

tools are now featuring plug-ins specifically oriented towards doing early design analysis. 

It should be noted that not all ‘green’ design strategies can be performed using a 

single BIM tool and many times the type of analysis requires multiple software packages 

to get meaningful results.  A good example of this is performing a thermal load analysis.  

Autodesk’s Revit Architecture, for example, can’t perform thermal gain/loss calculations, 

but the BIM model that is created in Revit can be exported as a gbXML (Green Building 

XML web-based format) to an energy analysis program such as Autodesk’s Ecotect 

Analysis.  In an ideal world, our software tools for design and analysis would be an “all-

in-one” solution that was inexpensive to purchase and easy to learn.  Unfortunately, the 

reality is that software packages – no matter how robust and capable – will be limited in 

their usefulness if the cost is prohibitive and the learning curve is too difficult to climb. 
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BIM tools can make ‘green’ design easier, but it is not the only necessary 

prerequisite to achieving sustainable design.  There is also the need for social and 

political agents that can support the use of BIM towards sustainable design goals.  The 

social aspect encompasses the various stakeholders involved with affordable/sustainable 

housing development and the common goals for these kinds of development projects.  

The AFI, for example, has begun outlining the design expectations for its projects such as 

minimum R-values, HVAC systems, passive design strategies, efficient appliances and 

plumbing fixtures…etc.  Stakeholder relationships and the BIM process are discussed in 

the following section. 

The political aspects encompass building codes and incentive programs for things 

like rainwater collection/conservation and renewable energy generation.  The CoA is 

unique in the sense that it has one of the most stringent green building codes in the U.S. 

and was the first city to implement a comprehensive sustainable design program as part 

of Austin Energy’s Green Building Program (GBP), which was orchestrated before the 

USGBC’s LEED Green Building Rating System.93

Austin Energy currently provides residential rebates on Energy Star® home 

improvement costs, upgrading HVAC equipment, photovoltaics, and solar water heater 

  Austin Energy is a city owned utility, 

which is uncommon for most cities where the utility company is privatized.  This 

relationship makes energy efficient building development of direct financial interest to 

the city – if, for example, building efficiency and renewable energy can be increased city-

wide, it reduces the need to invest in building additional power plants to sustain the city’s 

energy needs. 

                                                 
93 Austin Energy. “Austin Energy – A Concise History.” City of Austin.  27 February 2010. 
<http://www.austinenergy.com/Energy%20Efficiency/Programs/Green%20Building/About%20Us/history.
htm>  (30 December 2009). 
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systems.94  In addition, the Austin Water Utility currently offers rebates on replacement 

toilets, replacement clothes washers, rain barrels, rainwater harvesting system, irrigation 

upgrades, and pressure reduction valves.95

BIM IMPACTS ON STAKEHOLDER COLLABORATION & WORKFLOWS 

  These subsidies are important to encouraging 

conservation and efficiency for the built environment.  Coupled with these incentives, a 

BIM model can be used to quickly produce the information needed to ensure that these 

‘green’ design strategies are implemented.  For example, Austin’s rainwater harvesting 

rebate requires an application to be submitted which includes calculating the total area of 

water collection and the total area of irrigated landscape.  These areas can be easily 

derived from a BIM model and the values could be added to a schedule with formulas to 

calculate the required information for the application.  Another example involves using 

the BIM model as a code compliance mechanism – similar to the example of the 

‘McMansion Ordinance’ described in the previous section.  In this case, specific views of 

the model can be used to demonstrate compliance with Austin Energy’s GBP.  

Furthermore, the CoA could pursue a more standardized visual review method that 

leverages the power of BIM technology.  The importance of this is that BIM and 

sustainability become part of an integrated design process. 

In this section I examine how BIM can improve stakeholder relationships and the 

information workflows throughout the design and construction process.  Two major 

conclusions are discussed:  1) collaboration can happen earlier in the design process and 

new relationships can solidify faster with the use of BIM and 2) the information database 

                                                 
94Austin Energy. “Power Saver™ Program: Rebates and Incentives.” City of Austin.  7 March 2010. 
<http://www.austinenergy.com/Energy%20Efficiency/Programs/Rebates/index.htm> (30 December 2009). 
95 Austin Water. “Water Conservation: Rebate Listings.” City of Austin. 7 March 2010. 
<http://www.ci.austin.tx.us/watercon/rebatelist.htm> (7 March 2010). 
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that evolves from the BIM model can be used to integrate “expert” and “non-expert” 

knowledge. 

Similar to addressing issues of cost and ‘green’ design; collaboration also relies 

on both social and technological means.  From a social perspective, BIM encourages an 

integrated design and construction process, which relies on early collaboration between 

stakeholders and specifically members of the design team.   This process is commonly 

referred to as Integrated Project Delivery (IPD).  Through the utilization of BIM tools, an 

IPD approach integrates participants, building systems, and business practices into a 

process which benefits from the knowledge of everyone involved to optimize the 

intended results of the project.96

One primary obstacle to IPD is incompatible software, which is a good example 

of the technological impacts on collaboration.  Compatibility between stakeholders 

doesn’t require that all members of the design team need to be using the same vendor’s 

software platform (in fact, I would argue that this is a poor strategy since it does not 

emphasize choosing the ‘right tool for the right job’), but it does require that various 

platforms can exchange necessary information data via common file formats.  In response 

to this obstacle, one potential solution has been the adoption of the Industry Foundation 

Classes (IFC). This nonproprietary open source standard began development in the mid 

1990s as a product data model allowing for compatibility between AEC software tools 

  This stands in contrast to conventional building industry 

practices where each group operates in disjointed and fragmented relationships – 

coordination typically doesn’t happen until there is a problem.  A BIM process, however, 

demands early input from building trades because it is difficult to limit design 

information in a parametric model and linked database. 

                                                 
96 The American Institute of Architects (AIA) and AIA California Council. Integrated Project Delivery: A 
Guide. Version 1, 2007. 
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for the full lifecycle of a building project.97  For example, if a particular software 

program is IFC compatible, it should be able to import/export relevant information from a 

BIM digital file and represent the data for a particular industry use (i.e. architecture, 

engineering, construction…etc).  The benefits of IFC are far from being fully realized 

since there is limited adoption by major proprietary BIM software developers.  In the 

case of Autodesk, it has been deemed a waste of time and money to invest in helping 

develop a common exchange file format (especially when the company already controls a 

majority of the building industry market).98

The issues of compatibility and interoperability with BIM are not necessarily 

equal for all AEC groups.  Much of the attention on BIM has been oriented towards 

larger companies.  In the case of affordable and sustainable housing development, 

however, the audience is small-scale and generally less ‘high-tech.’  Therefore, 

introducing BIM in this context represents a different challenge – instead of focusing on 

exchanging information between BIM platforms, the goal becomes extracting BIM 

information for “low-capacity” software.  By this, I mean any software that is less 

capable of managing and associating building design information.  Examples of this 

might include programs such as Microsoft Excel, Word, and Adobe Acrobat.  Based on 

my interviews with local stakeholders in Austin, these file formats were the common 

exchange formats used for affordable and sustainable housing.  In addition, most 

communication is done via emails, phone calls, or in-person meetings. 

  Whether proprietary software developers 

dominate the BIM market or common exchange formats become commonplace – the 

demand for compatibility, interoperability, and standardization is where the building 

industry is moving. 

                                                 
97 Eastman, Charles M., et al. Bim Handbook : A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors. Hoboken, N.J.: Wiley, 2008. 67-84. 
98 Astroth, Joe.  Vice President Worldwide Learning & Education, Autodesk, Inc., Informal meeting 
attended by Justin Dowhower, Austin, TX, 8 July 2009. 
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Some interviewees thought that introducing sophisticated BIM software for 

housing projects would be unnecessary and could potentially make workflows more 

complicated rather than less.  This sentiment has been expressed particularly by Jerry 

Laiserin who is a consultant for AEC/O businesses and considered one of the fathers of 

the BIM movement.  Laiserin makes the argument that although BIM is a powerful tool 

for documentation and design, its use is not justified for all projects.  He explains how 

this is determined by two categories: building-centric and client-centric.  The building-

centric reason has to do with the size, complexity, and flexibility of the project.  He uses 

the typical strip-mall as an example of a standard, uniform and minimal design building 

type that would not benefit from the use of BIM.  While there are some “design” benefits 

that could be gained from using a BIM tool, a greater benefit would be to make 

substantial improvements to strip-mall development patterns (which is the real harm from 

a sustainability perspective), which would be better addressed by urban planning and 

building codes.  The client-centric category has to do with the type and capacity of the 

building client.  Laiserin states that a significant proportion of clients lack the 

management capacity and software technology to benefit from complex data-rich models 

produced by BIM technology.99

While I generally agree with Laiserin’s client-centric and building-centric 

arguments, I feel that he fails to acknowledge some key points.  From the building-centric 

perspective, housing development may be seen as a minimal design/documentation 

process, but this is perhaps a result of conventional design and construction practices.  As 

discussed in the previous section, BIM need not be limited only to design/documentation, 

but it can also be used to demonstrate code compliance and energy performance.  

Moreover, the information from the BIM model can be used for the entire life-cycle of 

 

                                                 
99 The LaiserinLetter. “Designer's BIM: Vectorworks Architect keeps design at the center of BIM process.” 
Jerry Laiserin. 15 March 2010. <http://www.laiserin.com/features/issue26/feature01.pdf> (March 2010). 
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the project and to manage data for many projects within an urban environment.  A house 

by itself may not be complex, but a network of housing connected to urban infrastructure 

is entirely different. 

The client-centric perspective also represented some misunderstood complexity.  

Whereas perhaps most small-scale projects involve a single client stakeholder interest, 

this is certainly not the case with the AFI.  GNDC is the owner/developer, but the 

projects are managed by ACDDC and designed with the help of architecture students and 

local architects.  Due to the goals of the initiative emphasizing affordability and 

sustainability, the CoA is more involved with the design and construction process 

compared to typical housing development, which is not driven to achieve a higher Green 

Building Program (GBP) star rating and S.M.A.R.T. Housing requirements.  As 

described in the previous section, local governments could use BIM as a management 

tool in addition to providing template/training services to qualifying developers.  It 

becomes quickly apparent that the social and political complexity between these 

stakeholder relationships is unique and could very well justify the use of BIM despite not 

being justified by building typological criteria. 

To be clear, I do not anticipate that stakeholders involved in affordable and 

sustainable housing will someday utilize the same type/extent of BIM collaboration as 

larger AEC firms on complex projects, however, I do anticipate a hybrid approach to be 

used.  In other words, in the near future BIM technology could be used by a majority of 

residential architects and contractors – if not also residential contractors and local city 

governments – but the technology will not be used in the same way and especially not the 

way it is currently being marketed.  At present, BIM tools are oriented towards specific 

professions in the building industry to address workflow requirements within each group.  

While this may be adequate in addressing current building processes, it intentionally or 
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unintentionally ignores stakeholder relationships and the communication that occurs 

between them – especially those outside the AEC industry.  The issue that becomes 

apparent when the application of BIM is expanded beyond the building professions is that 

there is a lack of common understanding and accessible interfaces.  Smith & Tardif 

explain: 

Every stakeholder in the building life cycle has a need to view building 
information from his or her own perspective, which means that each stakeholder 
represents an interface requirement.  This is one of the most challenging obstacles 
to sharing building information, since so few information interfaces exist.100

The challenge, therefore, is not expecting that everyone understand how to use 

BIM tools, but instead figuring out how to communicate the data that BIM can leverage 

through a relatable user interface to each stakeholder group.  An interesting experiment 

that is currently being done by Autodesk involves developing a web-based social 

networking interface to communicate between software tools and people on projects.  

Clearly, the company recognizes the demand for including a variety of stakeholders, but 

so far the interface is uniform for all groups.  The next step might be to customize each 

interface based on stakeholder needs.  A step beyond that (and probably beyond the reach 

of any particular BIM software vendor) is to address the language of communication with 

relation to project development.  While there is a good deal of common language 

between AEC groups, identical terminologies and language used within the building 

industry do not necessarily translate when interpreted by ‘outside’ stakeholders (i.e. non-

profits, city governments, financial institutions, local residents…etc). 

 

Interesting research done by Dammann & Elle (2006) investigated the potential 

for establishing a common language for ‘green’ design by analyzing the context of the 

                                                 
100 Smith, Dana K., and Michael Tardif. Building Information Modeling: A Strategic Implementation 
Guide for Architects, Engineers, Constructors, and Real Estate Asset Managers. Hoboken, N.J.: Wiley, 
2009. 146. 
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Danish building sector.101

The challenge has historically been to trying to translate the meaning of these 

important terms to mitigate miscommunication while improving group relationships.  The 

authors identified four “technological frames” (W.E. Bijker, 1995) which correlated to 

four differing understandings, goals, and perspectives of ‘green’ design: 

  For example, the term “sustainable design” can mean one 

thing to an architect, but mean something very different to a local resident in the 

community.  (I witnessed a fitting example of this issue recently, where students were 

presenting their alley flat designs to board members of the Clarksville Community 

Development Corporation (CCDC), and one design received similar comments by two 

board members as being a “bungalow” but the connotations associated with that term had 

completely opposite meanings.) 

1. public-relations frame 

2. scientific frame 

3. aesthetic-holistic frame 

4. lay-person sensualist frame 

Needless to say, there were both areas of consensus and conflict.  Based on the 

evidence, the authors concluded that the idea of creating a common indicator language 

that would ensure consensus between groups is not likely to happen in the near future.  

Dammann & Elle propose three likely scenarios that may transpire in the future, but one 

in particular – titled “Science goes public” – could be pursued in tandem with future BIM 

development.  The concept involves creating tiers or levels of indicator language 

aggregation that would be used relative to each technological frame.  In other words, the 

language used in Austin Energy’s Green Building Program, for example, might have 

specific sections for each anticipated user group (architect, lay-person, city 
                                                 
101 Dammann, Sven and Moren Elle. "Environmental Indicators: establishing a common language for green 
building." Building Research & Information 34 (4), (Jul-Aug 2006): 387-404. 
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officials…etc).  If the CoA were to mandate BIM usage, including the development of 

templates, this multi-tiered language could be included in specific user templates.  

Alternatively, a possible scenario not proposed by Dammann and Elle might completely 

take the form of visual communication methods.  In this case, BIM becomes an asset for 

communicating information through visualization.  The same model information that is 

used for design and construction can be expanded to providing a communication medium 

that is devoid of confusing jargon.  (Although, this would be limited to design-specific 

items and would not necessarily be useful for all communication intents). 

In summary, the use of BIM allows for improvement opportunities in areas of 

affordability, sustainability, and stakeholder relationships/workflows.  The key to 

ensuring success in these areas is to view the BIM process and software technology as 

having broader uses and implications than how it is currently being used or marketed.  

BIM needs to be viewed and utilized by all participant stakeholders as an integral part of 

design (renderings, fabrication, documentation, energy analysis, codification, and 

quantification), communication, and social networking.  The following chapter outlines 

specific recommendations for each relevant stakeholder group including how to engage 

with BIM as both a technology and process.  These recommendations are intended to 

foster a new kind of discourse about how BIM is currently being used and how it might 

be used in the future to improve affordable/sustainable housing development. 
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Chapter 6:  Recommendations 

The following tables list each typical stakeholder group involved with 

affordable/sustainable housing development.  Recommendations are provided which 

outline how each stakeholder interaction can leverage the power of BIM towards 

reducing costs, increasing efficiency, improving sustainable design, and developing better 

information workflows.  Various incentive strategies are also included as a means to 

offset the challenges associated with implementing BIM as a technology and process.  

There are some areas of overlap between stakeholder roles and opportunities, since it is 

not anticipated that a single approach will work in every situation, nor is it expected that 

each stakeholder will be willing or able to engage BIM in the suggested fashion. 

 
 

City Governments 

City 
Governments 

Role: use BIM as a way to regulate code compliance, reduce 
overheads, improve efficiency, and track building life-cycle impacts. 

Academic 
Institutions 

Work with academic institutions through R&D opportunities to 
explore ways of tracking building impacts and combining BIM/GIS 
databases.  Consult with students and faculty to develop consistent 
naming conventions and archiving best practices. 

Non-Profit 
Organizations 

Provide BIM training and assistance for local non-profit groups 
involved with affordable/sustainable housing development.  Offer 
financial incentives (fee waivers or rebates) for organizations that use 
BIM as a project delivery tool. 

Owners & 
Developers 

Provide guidelines and contracts for owners/developers using BIM 
tools and workflows through the city website.  Provide online server 
access for project information access (i.e. project name, address, 
permit/review status, compliance checklist…etc). 

Architects & 
Designers 

Provide BIM templates and external code-checking software for 
regulatory compliance purposes.  Mandate that city review processes 
require some form of BIM model for each project (either a single file 
format or multiple formats) and develop an online submission process 
specifically for architects. 

Builders & Provide BIM templates and external code-checking software for 
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Contractors regulatory compliance purposes.  Provide instructions for efficiently 
leveraging quantitative data from BIM file formats (preferably online). 

Green 
Industries 

Foster local partnerships and encourage the development of intelligent 
parametric object libraries that can be available for download by local 
architects and designers. 

Local 
Residents 

Require the use of BIM as a design communication tool during public 
hearings and community meetings.  Make this an interactive process 
by incorporating feedback and making iterative changes to the BIM 
model during these meetings. 

BIM 
Developers 

Consult with BIM developers to create an intelligent server, which 
functions as a database for long-term model storage and access.  
Develop best practices for managing BIM data and streamlining 
permitting and review processes.  Work with BIM developers to create 
preset digital templates based on project type and stakeholder category. 

 

 Academic Institutions 

City 
Governments 

Provide city governments with strategies to use BIM/GIS databases to 
manage energy and resources.  Work closely with city officials (i.e. 
paid internships and research opportunities), to develop an open-source 
file format to convert or combine data from each tool.  Develop a 
comprehensive plan for using such data for tracking building impacts 
on city resources (i.e. electricity, water, gas, transportation…etc). 

Academic 
Institutions 

Role: a) integrate BIM tools and workflows within academic 
pedagogies, and b) use BIM as an educational and learning tool to 
engage various stakeholders throughout the design and construction 
process. 

Non-Profit 
Organizations 

Partner with non-profit groups to develop innovative strategies for 
leveraging financing opportunities through BIM.  For example, use 
BIM model data to perform energy analysis for a proposed PV 
production compared against annual electric consumption to 
demonstrate a return-on-investment (ROI).  Use the data to adjust 
affordable/sustainable housing funding requests based on the long-
term paybacks. 

Owners & 
Developers 

Partner with owners and developers to explore how BIM can used to 
meet project requirements including budget, programming, 
neighborhood context…etc.  Explore “low-tech” software solutions 
that can either “plug-in” to BIM tool or can use interoperable file 
formats.  For example, create a programming schedule (room name, 
area, and volume) using a BIM tool and export/link the data to a 
spreadsheet with preset budget formulas, which will update 
automatically. 
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Architects & 
Designers 

Work closely with architects and designers to create standardized BIM 
templates specifically for affordable/sustainable housing.  Develop a 
server database preferably through the academic institution, which can 
provide a secure access and storage point for intelligent components 
and datasets for use in BIM models. 

Builders & 
Contractors 

Use BIM to both incorporate local building practices and [visually] 
demonstrate improvements specifically for affordable/sustainable 
housing.  For instance, place comments about local building practices 
per preset building material type(s) of construction component(s) (i.e. 
for a “Tyvek” wall component layer, a comment could read “this 
material is not typically used by local builders – instead refer to 
building paper for a cost-effective alternative”). 

Green 
Industries 

Work with ‘green’ industries to develop innovative strategies for 
integrating sustainable technologies using intelligent BIM components.  
For instance, coordinate with local PV installers/distributers to create a 
parametric solar object for use in BIM modeling tools, which would 
have preset efficiency ratings and output data based on user-defined 
altitude, azimuth, and latitude. 

Local 
Residents 

Perform R&D to improve communication of BIM design concepts in a 
tactile and interactive manner.  Work with local residents to develop 
appropriate communication methods and information feedback loops 
that can be incorporated back into the BIM tool.  For instance, 
experiment with a “town-hall” meeting format between the design 
team and local residents where the design is communicated via digital 
format and comments (meeting minutes) from participants are 
recorded in a linked file, which can be accessed online by the public at 
a later time. 

BIM 
Developers 

Partner with BIM developers to help improve software capabilities to 
address curriculum challenges.  Create integrated training workshops 
for students and faculty.  Engage students and faculty to overcome 
pedagogical and technological challenges associated with BIM.  
Consider the development of training workshops provided by BIM 
developers, which would be required for students and faculty.  This 
should be an integrated part of academic software licensing 
agreements. 

 
 

Non-Profit Organizations 

City 
Governments 

Request fee waivers and rebates for using BIM as a project delivery 
tool and educational tool.  Request training assistance from city 
officials regarding BIM data management best practices. 

Academic Partner with academic institutions to develop innovative information 
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Institutions workflow strategies using BIM.  For instance, compare traditional 
design workflows and technologies to BIM-based workflows and 
technologies.  Document inefficiencies synergy opportunities into a 
strategic project development guide available to all neighborhood non-
profit development organizations. 

Non-Profit 
Organizations 

Role: use BIM as a marketing, communication, and education tool 
between diverse stakeholders.  Coordinate BIM workflows and 
information transfers between design team members. 

Owners & 
Developers 

Work closely with owners and developers to realize project goals 
using BIM (design options, phasing, programming, costs…etc).  
Coordinate with architects, designers, and academic institutions to 
leverage BIM data for owners/developers.  For example, help setup a 
project phasing timeline using Excel or other software and collaborate 
with the design team to create a BIM model feasibility/phasing 
animation, which could visually show the construction process. 

Architects & 
Designers 

Work alongside architects and designers to create BIM standards and 
integrated workflows.  Collect and maintain BIM components that can 
be distributed to architects and designers for future projects.  Create a 
website server portal with secure access for project team members to 
view project status and updates.  This could be linked to a city server 
portal or operate as a separate entity.  Server/website maintenance and 
costs could be prorated based on design team contracts and access 
monitoring software. 

Builders & 
Contractors 

Provide training for builders and contractors on how to use BIM tools 
for construction and leverage BIM information for bid estimates and 
material procurement.  Coordinate interoperability requirements 
especially between architects/designers and builders/contractors to 
maximize efficiency and software investment.  For instance, if an 
architect is using Revit as the BIM tool, but the builder/contractor is 
not using any BIM compatible tool(s), encourage the investing into a 
cost estimating software such a Quantity Takeoff to leverage the BIM 
model data. 

Green 
Industries 

Negotiate ‘green’ industry donations for building systems and 
materials in exchange for incorporating BIM components based on 
manufacturer and/or distributer specifications, which can be used on 
future projects.  Use BIM model data to present innovative strategies 
and design options to potential donors. 

Local 
Residents 

Use BIM to visually demonstrate neighborhood design context for 
local residents.  Create a process for incorporating resident feedback 
into the BIM user interface.  For instance, use an online website 
interface with comment fields and surveys for project development 
options/preferences, which can be accessed by local residents. 

BIM 
Developers 

Request discounted software rates from BIM developers and/or 
distributers for use on affordable/sustainable housing.  Request 
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training seminars to bring non-profit organization staff up to speed.  
Possibly arrange the non-profit organization to be a certified BIM 
software distributer for other stakeholders. 

 
 

Owners & Developers 

City 
Governments 

Leverage BIM capabilities to expedite city permitting and review 
processes for affordable/sustainable housing development.  Work with 
other design team members (i.e. architects, designers, and non-profit 
organizations) and present project design information through BIM 
tools during permitting and review processes.  For instance, 
demonstrate the need for a parking variance for infill 
affordable/sustainable housing development by showing unnecessary 
development hardship via 3D model visualization and site context. 

Academic 
Institutions 

Partner with academic institutions to integrate social and institutional 
knowledge into BIM workflows and models.  Suggest the 
documentation of development best practices (i.e. working paper 
series) through the lens of using BIM for affordable/sustainable 
projects. 

Non-Profit 
Organizations 

Partner with architects and designers to develop a presentation format 
using BIM tools, which communicates design intent with participating 
stakeholders – especially, local residents and potential donors.  
Consider leveraging BIM data for tracking project information and 
design changes.  Work with owners/developers to archive project data 
and create BIM model ownership models 

Owners & 
Developers 

Role: a) use BIM as a cost estimating, marketing, communication, 
tracking, and presentation tool, and b) manage project data for 
archiving and future development projects. 

Architects & 
Designers 

Negotiate project contracts based on using BIM tools and information 
workflows.  Work closely with architects/designers to leverage BIM 
for communicating information regarding project phasing, 
programming, accessibility, neighborhood context, energy 
analysis…etc.  Stress the need to analyze building life-cycle impacts 
on micro and macro scales and the ROI based on specific 
affordable/sustainable design strategies. 

Builders & 
Contractors 

Leverage BIM to collaborate on projects using an online digital 
interface in real-time to review construction progress and as-built 
conditions.  Link spreadsheet data for cost control and phasing with 
BIM model tools. 

Green 
Industries 

Consult with green industries to leverage BIM capabilities to 
demonstrate innovative ‘green’ design strategies.  Negotiate ‘green’ 
system, material, and technology donations for prototype 
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affordable/sustainable housing, which can be incorporated into a BIM 
model for future project use (free marketing). 

Local 
Residents 

Use BIM to communicate design information and neighborhood 
context with local residents through digital real-time media.  Consider 
orchestrating a “town-hall” forum where the BIM model is presented 
digitally and resident feedback is recorded and linked to the digital 
model for future reference. 

BIM 
Developers 

Negotiate with BIM developers and distributers to license software at 
discounted rates specifically for affordable/sustainable housing 
projects. Determine appropriate contract structures for specific BIM 
technologies. 

 
 

Architects & Designers 

City 
Governments 

Use BIM to demonstrate code compliance (energy, site, 
accessibility…etc).  For example, use preconfigured BIM templates 
(possible created by city governments) to show visual compliance for 
impervious cover limits, height limitations, accessibility 
minimums/maximums…etc.  These could be incorporated in 
preconfigured views/sheets within the BIM template.  Request an 
expedited review process for demonstrating compliance. 

Academic 
Institutions 

Partner with academic institutions to leverage BIM capabilities to 
integrate ‘green’ design strategies.  Develop standardized BIM 
templates and file organization structures.  For instance, use the CSI 
Master Format categorization numbering system for naming BIM 
model components and archiving data.  Consider the development of 
an automated naming system that could “plug-in” to various BIM 
software tools. 

Non-Profit 
Organizations 

Work with non-profit agencies to coordinate design information 
through BIM tools.  Consider the use of an online server portal for 
managing project information and for archiving BIM model files.  
Leverage BIM visualization capabilities for marketing purposes to 
encourage the further development of affordable/sustainable housing 
projects. 

Owners & 
Developers 

Use BIM to present design options quickly, accurately, and efficiently 
to owners and developers.  Leverage BIM model data to link directly 
with spreadsheets and text documents, which can be quickly accessed 
and updated by owners/developers.  For example, use a BIM tool such 
as Revit and export/link model data regarding programming 
requirements (% of room area and volume) to a spreadsheet program 
such as Excel. 

Architects & Role: Use BIM to a) increase design workflow efficiency, and b) to 
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Designers coordinate quantitative information with other stakeholders. 
Builders & 
Contractors 

Use BIM to export/link quantity takeoffs and fabrication datasets for 
bidding and construction.  For instance, use a BIM tool such as Revit 
to export STL model information for prefab/modular construction of 
building components at full-scale. 

Green 
Industries 

Coordinate with ‘green’ industries to integrate ‘intelligent’ modeling 
components with BIM software tools.  Negotiate with ‘green’ 
industries and BIM developers to create innovative components 
specifically for affordable/sustainable housing projects in a certain 
region. 

Local 
Residents 

Use BIM to visualize design options and neighborhood context with 
local residents through an interactive communication feedback loop.  
Consider using BIM model files to create 3D printed models (STL 
export) and 2D printed renderings for presentation purposes.  Develop 
a transparent feedback mechanism (linked Word file, for example) that 
could be linked to the BIM model or exist as a separate file to be 
emailed to local residents and posted on the neighborhood website. 

BIM 
Developers 

Negotiate with BIM developers and distributers to license software at 
discounted rates specifically for small (sole) design practices.  Discuss 
pricing models for affordable/sustainable housing design teams, which 
may be better served by a “rent as you go” model.  Provide feedback to 
BIM developers for project/stakeholder needs.  For example, request 
that the BIM tool be updated or that a “plug-in” be developed which 
can link spreadsheets directly from the parametric model to an Excel 
file. 

 
 

Builders & Contractors 

City 
Governments 

Use BIM to demonstrate code compliance for building review and 
permitting processes.  Request BIM templates and submittal 
instructions to demonstrate compliance.  Request financial rebates or 
incentives from the city (this could also be in the form of free training 
workshops/seminars for learning and leveraging BIM tools) for 
software investment costs related to investing in BIM compatible 
tools. 

Academic 
Institutions 

Work with academic institutions to integrate local construction 
knowledge and practices specific to affordable/sustainable housing 
into BIM modeling tools.  For instance, suggest preferred cost-
effective building construction practices (i.e. concrete slab-on-grade 
floors without perimeter insulation in southern climates) and have 
academic participants assist in developing parametric construction 
types based on builder preferences. 
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Non-Profit 
Organizations 

Partner with non-profit organizations to communicate project logistics 
using BIM tools.  For instance, develop a project timeline (using an 
Excel spreadsheet, for example), which is linked to the BIM model to 
manage building trade scheduling and construction phasing.  This data 
can assist in streamlining communication and construction workflows. 

Owners & 
Developers 

Use BIM to provide project cost estimates during the bid phase for 
owners and developers.  Coordinate with architects/designers to export 
BIM model quantity takeoffs for accurate cost estimating.  For 
example, a builder/contractor can use an interoperable BIM tool such 
as Quantity Takeoff to keep track of project quantities and costs. 

Architects & 
Designers 

Work closely with architects/designers to standardize project 
specifications using BIM tools.  Suggest specification formatting and 
information requirements that can be linked or embedded in BIM 
tools.  For example, communicate required information for window 
and door schedules to non-profit development organization, which will 
maximize efficiency through standardized formatting.  This 
specification information should ideally be linked to the BIM model. 

Builders & 
Contractors 

Role: Use BIM to increase efficiency and accuracy for phasing, 
bidding, and material quantity/cost estimates.  Incorporate local 
building knowledge into BIM tools to help communicate preferred 
construction techniques. 

Green 
Industries 

Coordinate with green industries to incorporate innovative building 
technologies and systems into BIM tools.  For instance, request 
specifications (or cut sheets) from a ductless mini-split heat-pump 
manufacturer and provide that data to architects and designers 
including preferred installation/construction methods.  Another option 
is to provide preferred installation/construction methods to green 
industries, which can in turn develop parametric models for use in 
BIM tools. 

Local 
Residents 

Collaborate with local residents to incorporate preferred design 
features or affordable/sustainable housing, which can then be 
parameterized inside BIM tools.  For instance, a preference by local 
residents for gable roofs can be incorporated as a BIM comment 
parameter and could read:  “Residents in this neighborhood prefer 
gable-style roofs since the surrounding houses traditionally have this 
style.”  

BIM 
Developers 

Request that BIM developers integrate local construction practices into 
BIM modeling parameters and/or online components for download.  
For instance, a roof fascia construction detail can be suggested by 
builders/contractors for an affordable/sustainable housing project in a 
particular climate/location.  This can be created by BIM developers as 
either a component type or parameter option.  Request that BIM 
developers also create interoperable file formats between “high-
capacity” BIM tools and “low-capacity” information management 
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tools commonly used for affordable/sustainable housing projects (i.e. 
Revit and Excel, respectively). 

 
 

Green Industries 

City 
Governments 

Use BIM tool capabilities to improve the quantification of sustainable 
impacts due to innovative ‘green’ design strategies.  For instance, 
provide city governments with parametric components (PV systems, 
for example), which can be provided to local architects and builders to 
use in BIM tools. 

Academic 
Institutions 

Work with academic institutions to develop innovative strategies for 
integrating sustainable technologies using intelligent BIM components.  
For instance, coordinate with local PV installers/distributers to create a 
parametric solar object for use in BIM modeling tools, which would 
have preset efficiency ratings and output data based on user-defined 
altitude, azimuth, and latitude. 

Non-Profit 
Organizations 

Work with non-profit organizations to negotiate donations of building 
materials, systems, and technologies to be used as prototype examples 
for affordable/sustainable housing projects.  Include instructions and 
best practices for integrating ‘green’ design elements into a BIM 
workflow. 

Owners & 
Developers 

Work with owners/developers to determine ROIs for using ‘green’ 
building strategies.  Leverage BIM to quantify material and cost data 
to be compared with upfront investment costs. 

Architects & 
Designers 

Provide associated BIM content (parametric modeling data) for ‘green’ 
building components, which can be incorporated into the design 
process by architects/designers.  For instance, the donation of a 
vegetated roof can include a parametric roof assembly with appropriate 
material layers/thicknesses and manufacturer data. 

Builders & 
Contractors 

Work with builders/contractors to leverage BIM modeling capabilities 
to visualize construction methods for a particular ‘green’ building 
element.  Clear communication of construction/installation techniques 
by using a parametric modeling interface can reduce errors and 
ambiguity. 

Green 
Industries 

Role: Use BIM to incorporate innovative sustainable design systems, 
materials, and technologies specifically for affordable/sustainable 
housing projects. 

Local 
Residents 

Assist in educating local residents about the benefits of integrating 
‘green’ design strategies.  Use BIM tool capabilities to visualize design 
integration and how it can contribute to neighborhood context. 

BIM 
Developers 

Request that BIM developers train ‘green’ industry staff to develop 
their own parametric BIM components, which can be downloaded for 
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used in affordable/sustainable housing projects.  Alternatively, request 
that BIM developers take on development responsibility in exchange 
for making their ‘green’ components available for public use. 

 
 

Local Residents 

City 
Governments 

Request that city governments make design and development 
processes as transparent and engaging as possible.  This can be 
accomplished through the use of BIM tools, which can visualize 
design options and allow for iterative changes to be made quickly 
during public forum meetings. 

Academic 
Institutions 

Work with academic institutions to develop appropriate 
communication methods and information workflows through the use 
of BIM tools.  Suggest public interface formats, which can be used for 
online project development websites.  A necessary aspect of this 
should include some form of reciprocal feedback between the design 
team and the public. 

Non-Profit 
Organizations 

Work with non-profit organizations to develop appropriate 
communication methods and information workflows through the use 
of BIM tools (see above). 

Owners & 
Developers 

Collaborate with owners/developers to ensure that resident preferences 
and local knowledge is incorporated in the BIM model design.  
Request access to view the BIM model design using a free and easy-
to-use viewing interface (i.e. viewing an exported Revit model using 
Design Review). 

Architects & 
Designers 

Use the BIM model to communicate design preferences with architects 
and designers.  For example, request that the design team present the 
proposed affordable/sustainable housing project via digital media (i.e. 
computer, projector, ‘smart board’…etc) and provide suggestions for 
improvement, which can be done in real-time.  Design options should 
be visual, interactive, and comparative. 

Builders & 
Contractors 

Provide local builders/contractors with aesthetic and functional 
preferences, which can be communicated back to architects/designers 
and incorporated within the BIM model.  This could also be done via 
an online feedback process, which provides visual examples and 
alternative design options. 

Green 
Industries 

Consult with ‘green’ industries to develop parametric BIM 
components, which can be easily modified for aesthetic and functional 
preferences.  For example, a highly efficient ‘rainscreen’ wall system 
can have multiple component types based on exterior finishes and 
thermal performance requirements. 

Local Role: Engage BIM as a visualization and feedback tool to represent 



 142 

Residents community design preferences and local “non-expert” knowledge (i.e. 
neighborhood history, social interactions, design aesthetics…etc). 

BIM 
Developers 

Consult with BIM developers to create a social networking interface, 
which integrates with BIM tools so that design information can be 
accessed easily and quickly.  This should incorporate a feedback loop, 
where comments and preferences by local residents are linked to the 
BIM model. 

 
 

BIM Developers 

City 
Governments 

Work with city governments to develop ‘intelligent’ BIM servers for 
long-term data storage and access.  In addition, assist city governments 
with developing BIM templates and training workshops for various 
project types and stakeholder groups.  Help cities realize their 
affordable/sustainable housing development goals on a broad scale. 

Academic 
Institutions 

Partner with academic institutions to bridge the BIM gap between 
pedagogical goals and design workflows.  For instance, provide 
training workshops and instruction resources for students and faculty.  
Incorporate academic knowledge and experimentation towards 
improving BIM tools. 

Non-Profit 
Organizations 

Provide affordable BIM software financing options specifically for 
non-profit organization involved with developing 
affordable/sustainable housing projects.  Provide training and best 
practice recommendations for staff to efficiently leverage the 
capabilities of BIM tools. 

Owners & 
Developers 

Convince owners/developers of the financial paybacks and savings 
(ROI) associated with using BIM tools for project development and 
communication with project stakeholders.  Market BIM tools 
specifically for affordable/sustainable housing development.  For 
example, make a value-based argument for implementing BIM – the 
project data will last longer than conventional information file types 
and can be used to calculate long-term building life-cycle costs. 

Architects & 
Designers 

Provide affordable BIM software financing options specifically for 
small (sole) architects/designers involved with developing 
affordable/sustainable housing projects.  Consider a “pay-as-you-go” 
pricing model.  Provide project support through troubleshooting 
modeling problems and help users to achieve design solutions. 

Builders & 
Contractors 

Market BIM tools specifically for small-scale builders/contractors 
involved with affordable/sustainable housing development.  
Continually develop interoperability between “high-capacity” BIM 
tools and “low-capacity” information software (i.e. Revit to Excel and 
Word). 
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Green 
Industries 

Work with ‘green’ industries to help develop parametric BIM 
components, which can be leveraged to improve the sustainable design 
goals of affordable/sustainable housing projects.  For example, provide 
training to ‘green’ industry staff to develop their own ‘intelligent’ 
components (i.e. a solar PV array, for example).  Alternatively, request 
specification feedback from ‘green’ industries to develop these 
parametric components, which could be available for download by the 
public design/development community. 

Local 
Residents 

Help educate local residents about how to engage digital design media 
– especially BIM models.  One solution could be to integrate this 
within a social networking interface via online websites.  
Alternatively, BIM developers could provide simple and easy-to-use 
viewing software, which can allow for greater autonomy and 
engagement by local residents.  Create a communication feedback loop 
as an integral part of these options so that residents can contribute their 
“non-expert” knowledge and experience during the building design 
process. 

BIM 
Developers 

Role: Develop BIM tools specifically to meet the needs to 
affordable/sustainable housing development and participant 
stakeholders.  Provide affordable pricing models for software 
purchasing and training workshops. 
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Chapter 7:  Future Research 

This thesis focuses on adapting BIM for improving affordable and sustainable 

infill housing development.  Unfortunately, the issues surrounding BIM, affordable 

housing, and sustainable development could each be a thesis topic in and of themselves 

and are difficult to research collectively in depth.  My intent is that this research may 

continue to develop and evolve as social and technological changes occur with regard to 

BIM and affordable/sustainable housing.  In the following paragraphs, I outline seven 

potential topics of inquiry for future research. 

First, an issue which I mentioned in chapter 5 involved comparing site built 

construction with pre-fabricated and/or modular construction to offset hard costs and 

increase housing affordability.  In the case of the AFI, these strategies have been 

compared during the bidding phase for a single project which utilized a non-BIM 

workflow and it was determined (at the time) that pre-fabrication or modular construction 

was not economically feasible.  A potential area of research could be to investigate the 

impact a BIM workflow would have on a pre-fabricated or modular design in terms of 

overall construction costs.  It might be determined that the only way to make pre-

fabrication or modular construction affordable (BIM or not), is to increase the scale of 

production.  A related and possible continuation of this research topic would be to 

explore the benefits of BIM versus CAD workflows for a multi-unit development.  This 

concept has been envisioned as a possible strategy for scaling-up the AFI, but it has yet to 

be tested as a real project.  Several local architects and contractors I interviewed in Austin 

all agreed that a multi-unit development would bring down costs, but it is unclear by how 

much and if BIM would have a significant impact if any.  Aside from hard costs, it could 

be theorized that at least soft costs could be reduced by using BIM on a multi-unit 
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development by reducing the time needed to complete construction documents and make 

corrections/changes.  Overall, this research would require testing BIM and non-BIM 

workflow strategies for single housing developments and multiple housing developments 

over entire project timelines. 

A second area of research involves combining or linking information between 

BIM and GIS.  Most counties and cities in the U.S. have GIS data, which typically 

include topography, vegetation, utilities, building footprints, streets, land-use, zoning, 

plots, and demographics.  This information is very valuable for gathering statistics and 

for development planning.  BIM on the other hand is also valuable for gathering specific 

information about building components and local site information.  GIS is certainly a 

macro-information tool and BIM by comparison would be a micro-information tool, 

however, each tool tends to reference information that is represented in the other.  There 

has been increasing interest in how GIS and BIM databases might link and share data 

between platforms.  Considering the current challenges in trying to achieve a usable 

exchange format even among proprietary BIM companies (IFC or otherwise), it seems 

unlikely that an even broader exchange format might be developed between these same 

BIM platforms and various GIS platforms.  Nonetheless, the potential benefits of merging 

information databases could have enormous long-term benefits for city planners and 

developers. 

A third area of research involves exploring the benefits of using BIM for digital 

fabrication.  This could take two forms:  digital fabrication for model representation (i.e. 

3D printing) or digital fabrication for full-scale construction components.  A promising 

benefit to using BIM tools for design and documentation is that material components can 

be fabricated directly from the BIM model.  While this has already been done for 

representation and construction applications, it has yet to be applied specifically for 
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affordable and sustainable housing development.  It would be interesting to determine 

how communication between stakeholders might be affected if scale models of various 

design options were 3D printed as opposed to hand-constructed.  Also, it would be 

interesting to research the cost savings by using BIM models for digital component 

construction to reduce waste and construction time. 

A fourth extension of research involves developing and testing sustainable 

parametric ‘plug-ins’ for BIM software tools.  The intent is that design and analysis 

become a seamlessly integrated process, where design decisions have quantifiable results 

through continuous analysis, which in turn helps to inform further design optimizations.  

As I explained in Chapter 2, I attempted to create a parametric photovoltaic array that 

could be used in a BIM tool like Revit to quickly approximate the potential for renewable 

energy production.  Unfortunately, it was not successful and it could be argued that other 

software tools (such as Ecotect and PVWATTS) are better suited to addressing this type 

of simulation.  One investigation could be to determine which types of sustainable 

analysis are appropriate for BIM tools and which should be exclusive to third-party 

analysis tools.  The next step would be develop some of these ‘plug-ins’ specifically for 

BIM tools and test their effectiveness for improving sustainable design strategies. 

A fifth area of research not addressed in this thesis involves comparing current 

BIM software tools in terms of appropriateness for affordable and sustainable housing.  

In an effort to conduct thorough simulation research in a reasonable timeframe, I focused 

solely on Autodesk’s Revit.  However, I am not convinced that this software is 

necessarily the ‘right tool for the job’ with regard to the design and construction of 

affordable and sustainable housing.  An interesting continuation of this research might 

involve testing various BIM tools (i.e. Vectorworks, Revit, Microstation, and ArchiCAD) 

for a given affordable/sustainable housing development project and comparing how each 
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performs in specific categories.  Eastman, et al. (2008), has already compiled a pros and 

cons list of various BIM platforms, but the comparisons lack a specific context, 

stakeholder group(s), or project type.  This further research could also help to determine 

to what degree the technology is influential on affordability and sustainability. 

A sixth topic of inquiry might involve more closely examining the economical 

aspects of using a BIM process to facilitate communication between stakeholders.  As I 

outlined in Chapter 5, the use of an alternative incentive structure oriented around BIM 

could significantly impact soft costs, especially for city governments, which typically 

incur the greatest overhead costs.  In addition, the cost savings could be used to offset the 

initial software purchases and continual training costs associated with higher-capacity 

BIM tools.  While I proposed a hypothetical incentive structure for Austin Texas, it 

would be beneficial to test this framework in a given city and document the observed 

barriers and opportunities.  The State of Texas and the State of Wisconsin both require 

that state buildings use a BIM process, but this regulation has yet to be mandated for 

other building types, such as housing.  This research would undoubtedly require the 

orchestration and testing of partnerships between BIM software developers, city 

governments, city utilities, local architects/contractors, and clients/owners. 

Finally, a seventh area of research involves analyzing social relationships between 

stakeholder groups and the communication interfaces linked to BIM models.  One 

challenge with the AFI, for example, has been to create a design communication 

methodology that is transparent and universal.  Based on research conducted by 

Dammann & Elle (2006), it is unlikely that a universal indicator language will be 

developed in the near future.  One step towards this ideal common language, (as I 

explained in Chapter 5) is currently being explored by Autodesk in the form of a web-

based social interface for project teams that would allow for quick and easy collaboration 



 148 

and document sharing.  Unfortunately, this type collaborative tool is still under 

development and it is unclear if multiple interfaces will be developed to cater towards 

specific stakeholder needs and if these interfaces will be able to “translate” and facilitate 

the integration of various types of user knowledge.  Furthermore, it is unclear if future 

BIM social networking interfaces will be proprietary (specific to certain BIM platforms), 

or if they will support multiple platforms.  This would require greater in-depth research 

about stakeholder project needs with regard to specific project type(s), including 

affordable/sustainable housing.  Similar to comparing BIM platforms as suggested earlier 

under future research topic five, it would be worth comparing various web-based 

interfaces in terms of accessibility, programming, maintenance, and compatibility to 

name a few.  The development of stakeholder interfaces might lead to greater design and 

construction transparency in addition to faster project development timelines due to 

increased access to information. 

The above topics of inquiry are not intended to be an exhaustive list, but instead 

offer suggested topic outlines which could benefit from this research and hopefully 

expand upon it in other areas that might be of benefit for BIM and affordable/sustainable 

housing development in the future. 
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Acronyms 

ACDDC:  Austin Community Design and Development Center 

ADU:  Accessory Dwelling Unit 

AEC:  Architecture, Engineering, and Construction 

AFI:  Alley Flat Initiative 

AHFC:  Austin Housing Finance Corporation 

AIA:  American Institute of Architects 

ANT:  Actor-Network Theory 

ASHRAE:  American Society of Heating, Refrigeration, and Air-Conditioning Engineers 

BIM:  Building Information Modeling 

CAD:  Computer Aided Drawing 

CCDC:  Clarksville Community Development Corporation 

CDC:  Community Development Corporation 

CHDO:  Community Housing Development Organization 

CoA:  City of Austin 

CTSIP:  Central Texas Sustainability Indicators Project 

ESHF:  East Side House Farm 

FAR:  Floor-to-Area Ratio 

GBP:  [Austin Energy] Green Building Program 

GIS:  Geographic Information Systems 

GNDC:  Guadalupe Neighborhood Development Corporation 

GSA:  General Services Administration 

IAI:  [buildingSMART] International Alliance of Interoperability 

IPD:  Integrated Project Delivery 
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NGDC:  National Geophysical Data Center 

NHCD:  Neighborhood Housing Community Development 

NIST:  National Institute of Standards and Technology 

R&D:  Research and Development 

ROI:  Return-On-Investment 

S.M.A.R.T.:  Safe, Mixed income, Accessible, Reasonably priced, Transit oriented 

TCAD:  Travis County Appraisal District 

UTCSD:  University of Texas Center for Sustainable Development 

UTSoA:  University of Texas School of Architecture 
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