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ABSTRACT

Normally, prudent architectural design, building science, building analysis so ware, and best prac ces are enough to
ensure that an interven on (renova on, rehabilita on, etc.) in an historic building does not damage the structure and
reduce its service life. Future-proofing is the process of an cipa ng the future and developing methods of minimizing
the eﬀects of shocks and stresses of future events. Future-proofing is used in other industries such as electronics, medical industry, industrial design, and, more recently, in design for climate change. The principles of future-proofing are
extracted from other industries and codified as a system for approaching an interven on in an historic building. Use of
computa onal analysis so ware such as WUFI-ORNL/IBP, THERM/Window, HygIRC, DesignBuilder, and EE4 support careful analysis of proposed building systems used in such an interven on, but cannot prevent all deleterious design flaws.
However, there are common pi alls which can yield incorrect results. These common pi alls are summarized to inform
the use of computa onal analysis so ware, but must be used in conjunc on with the principles of future-proofing to assure the appropriate extension of the service life of an historic building.

INTRODUCTION

At a school in Eastern Washington, the glazed terra co a pops oﬀ in small chunks the size of a half dollar coin. In another
structure in Western Washington, a concrete wall is installed inside of the exis ng brick and cast stone façade for seismic
structural reinforcement. In a newly renovated structure in the Mid-West, the insulated exterior walls of a brick masonry
building aren’t delivering the an cipated thermal performance and cos ng the owners significant money to con nue
opera ng. Why does this happen? Is the renova on of old buildings damaging them rather than preserving them? It is
instruc ve to introduce the concept of “future-proofing” and how it can be applied to the built environment.

How, then, does one respond to the rehabilita on of an exis ng structure, such as the school in the example above,
where the long term viability of the exis ng building fabric is put at risk and deteriorates more rapidly a er the sustainable renova on? One would hope that the exper se of the architect and their design team would be able to an cipate
the needs of a building such that its rehabilita on actually extends, rather than shortens, its service life. Normally the
realm of prudent design would cover this, but it seems that the immediate needs of the client too o en come first and
that the exis ng building structures come later.

BACKGROUND

The technical understanding of how a building works and what an architect must do to make sure it works properly is
known under many diﬀerent terms. Building science, building technology, and good prac ce design o en describe this
work. Good design also includes a detailed understanding of materials science, building pathology, design and detailing,
construc on techniques and sequencing, amongst other skills. O en mes, there is so much to handle that even with a
team of experts, one cannot understand all of the aspects of building design that must come together to make a successful project. Indeed it is o en exis ng buildings that, while they are available to be studied in the full reality of their
construc on, are the most baﬄing and diﬃcult to understand because of the complexity of the interac ons between all
of the building components, the climac c condi ons, and the occupants.

In addi on to the common issues of comple ng a project design, the recent trend towards inclusion of sustainable
design features in projects has become required for architects to compete in the marketplace. This market has been
created by ra ng systems in the 1970s and 1980s which give the building more value in the market when they are design

and built to higher levels of sustainability. The emphasis in the sustainable ra ng systems started with a focus around
building systems (mechanical and electrical, primarily). The ini al solu ons to increase sustainability were incomplete
solu ons that improved the performance of these systems. Sustainable design ra ng systems have grown to include
water systems, si ng, building materials, and other aspects of the built environment, but con nue to give our exis ng
building stock only minor a en on.

The exis ng building stock is one of the most
valuable assets that the human race has created – and the most damaging to the environment. The “annual replacement rate of buildings (the percent of the total building stock
newly constructed or majorly renovated each
year) has historically been about 2%.” (Easton,
2013) During slow economic periods, this
replacement rate can be even slower. Buildings account for 73% of electricity consump on
in the U.S. and 38% of CO2 emissions. (Energy
Figure 1: Environmental impacts of buildings on the environment. (Western
Informa on Administra on, 2013; US DepartVillage)
ment of Energy, 2012)

It has been long argued that rehabilita on of an exis ng building is one of the most sustainable strategies for a project to
employ. This research is closely linked to sustainable design strategies by reducing material consump on, loss of embodied energy, and reduc on of construc on waste, reduc on in energy consump on, and reduc on in CO2 emissions.
The ul mate goal of this research is to promote the rehabilita on and adap ve re-use of our exis ng building stock and
extend their useful service lives rather than contribu ng to the consump on of our planet’s resources.

Figure 2: Years Of Carbon Equivalency For Exis ng Building Reuse Versus New Construc on.
(Frey)

This research is further linked to
the concept of life cycle analysis. While it is beneficial to the
environment when one designs a
building that reduces its energy consump on by 50% of an
accepted standard, the reality
of this achievement is significantly diﬀerent when a full life
cycle analysis is considered. As
a simple example, consider the
diﬀerence between the scenario
of renova ng an exis ng building
versus tearing down the exis ng
building and construc ng a new
one of the same size but with
more eﬃcient building systems
and a life expectancy of 20 to 30
years. This sounds great un l
one considers that the exis ng
building as a masonry structure
with a reinforced concrete frame
that with a li le work could last
for another 100+ years. One

would have to build at least 3 new structures to take the place of the exis ng structure for the same period of me.
Further, the payback period for a new building can be as li le as 7 to 8 years, depending on the scope of the project, the
nature of the exis ng building, strategies employed, and the basis for measurement. (Katz, 2011) his payback period
grows to 60 to 80 years when one accounts for the embodied energy of the exis ng structure that was demolished. (Frey
et al., 2011) Given this simple life cycle comparison, it is evident that rehabilita on of exis ng structures is much be er
for the environment than even the most eﬃcient new construc on.

In addi on to the considera on of the value of exis ng
structures through life cycle analysis, the issues become more
complex when working with a structure that is protected by
formal historic designa on. Historic landmark designa on at
the local, city, county, state or na onal levels is possible for
almost all older structures provided they meet certain minimum criteria. When considering such a designated building in
the United States, most o en, the Secretary of the Interior’s
Standards for the Treatment of Historic Proper es come into
play. Considera on of the Standards for Rehabilita on makes
clear that designated historic building fabric shall be protected. Standard 5 states that “dis nc ve features, finishes, and
construc on techniques or examples of cra smanship that
characterize a property shall be preserved.” Standard 9 is also
instruc ve: “New addi ons, exterior altera ons, or related
new construc on shall not destroy historic materials that
characterize a property.” (Weeks, 1995) Thus, the design of
an interven on in a designated historic structure that causes
damage to the structure is not in accordance with the Secretary’s Standards.
Figure 3: Fractured walrus head on the Arc c Building, Sea le,
WA. Fracturing is due to the use of expansive gypsum grout used to
anchor a repaired tusk. Credit: Brian Rich, 2013

WHAT IS FUTURE-PROOFING?

There are several industries using the term “future-proofing” today outside of the Architecture, Engineering, and Construc on (AEC) industry. In general, the term refers to the ability of something to con nue to be of value into the distant
future; that the item does not become obsolete.

The concept of future-proofing is the process of an cipa ng the future and developing methods of minimizing the effects of shocks and stresses of future events. This term is commonly found in the electronics, data storage, and communica ons systems. It is also found in Industrial Design, computers, so ware, health care/medical, and product design.

Study of the principles behind “future-proofing” both within the AEC industry and among outside industries can give vital
informa on about the basis of future-proofing. This informa on can be dis lled into several principles which describe
the concept of future-proofing. The principles can be applied to the design of interven ons in historic buildings that will
not cause further deteriora on of the building. In combina on with careful analysis with computa onal analysis so ware, the principles of future-proofing can help to prevent the problems with buildings men oned in the introduc on.

ELECTRONICS, DATA STORAGE, & COMMUNICATIONS SYSTEMS

In future-proof electrical systems buildings should have “flexible distribu on systems to allow communica on technologies to expand.”(Coley, Kershaw and Eames, 2012) Image related processing so ware should be flexible, adaptable, and
programmable to be able to work with several diﬀerent poten al media in the future as well as to handle increasing file
sizes. Image related processing so ware should also be scalable and embeddable – in other words, the use or place
where the so ware is employed is variable and the so ware needs to accommodate the variable environment. Higher
processing integra on is required to support future computa onal requirements in image processing as well. (Barreneche, 1995)

In wireless phone networks, future-proofing of the network hardware and so ware systems deployed become cri cal
because they are so costly to deploy that it is not economically viable to replace each system when changes in the network opera ons occur. Telecommunica ons system designers focus heavily on the ability of a system to be reused and
to be flexible in order to con nue compe ng in the marketplace. (Thomas et al., 2003)

In 1998, teleradiology (the ability to send radiology images such as x-rays and CAT scans over the internet to a reviewing
radiologist) was in its infancy. Doctors developed their own systems, aware that technology would change over me.
They consciously included future-proof as one of the characteris cs that their investment would need to have. To these
doctors, future-proof meant open modular architecture and interoperability so that as technology advanced it would be
possible to update the hardware and so ware modules within the system without disrup ng the remaining modules.
This draws out two characteris cs of future-proofing that are important to the built environment: interoperability and
the ability to be adapted to future technologies as they were developed. (Roberson and Shieh, 1998)

INDUSTRIAL DESIGN

In industrial design, future-proofing designs seek to prevent obsolescence by analyzing the decrease in desirability of
products. Desirability is measured in categories such as func on, appearance, and emo onal value. The products with
more func onal design, be er appearance, and which accumulate emo onal value faster tend to be retained longer and
are considered future-proof. Industrial design ul mately strives to encourage people to buy less by crea ng objects with
higher levels of desirability. Some of the characteris cs of future-proof products that come out of this study include a
meless nature, high durability, aesthe c appearances that capture and hold the interest of buyers. Ideally, as an object
ages, its desirability is maintained or increases with increased emo onal a achment. Products that fit into society’s current paradigm of progress, while simultaneously making progress, also tend to have increased desirability. (Kerr, 2011)
Industrial design teaches that future-proof products are meless, have high durability, and develop ongoing aesthe c
and emo onal a rac on.

UTILITY SYSTEMS

In one region of New Zealand, Hawke’s Bay, a study was conducted to determine what would be required to future-proof
the regional economy with specific reference to the water system. The study specifically sought to understand the existing and poten al water demand in the region as well as how this poten al demand might change with climate change
and more intense land use. This informa on was used to develop demand es mates that would inform the improvements to the regional water system. Future-proofing thus includes forward planning for future development and increased demands on resources. However, the study focuses on future demands almost exclusively and does not address
other components of future-proofing such as con ngency plans to handle disastrous damage to the system or durability
of the materials in the system. (Bloomer and Page, 2012)

CLIMATE CHANGE AND ENERGY CONSERVATION

The term “future-proofing” in rela on to sustainable design began to be used in 2007. It has been used more o en in
sustainable design in rela on to energy conserva on to minimize the eﬀects of future global temperature rise and/or
rising energy costs. By far, the most common use of the term “future-proofing” is found in rela on to sustainable design
and energy conserva on in par cular. In this context, the term is usually referring to the ability of a structure to withstand impacts from future shortages in energy and resources, increasing world popula on, and environmental issues,
by reducing the amount of energy consump on in the building. Understanding the use of “future-proofing” in this field
assists in development of the concept of future-proofing as applied to exis ng structures.

In the realm of sustainable environmental issues, future-proof is used generally to describe the ability of a design to
resist the impact of poten al climate change due to global warming. Two characteris cs describe this impact. First,
“dependency on fossil fuels will be more or less completely eliminated and replaced by renewable energy sources.” Second, “Society, infrastructure and the economy will be well adapted to the residual impacts of climate change.” (Godfrey,
Agarwal and Dias, 2010)

In the design of low energy consuming dwellings, “buildings of the future should be sustainable, low-energy and able to
accommodate social, technological, economic and regulatory changes, thus maximizing life cycle value.” The goal is to
“reduce the likelihood of a prematurely obsolete building design.” (Georgiadou, Hacking and Guthrie, 2012)

In Australia, research commissioned by the Health Infrastructure New South Wales explored “prac cal, cost-eﬀec ve,
design-related strategies for “future-proofing” the buildings of a major Australian health department.” This study concluded that “a focus on a whole life-cycle approach to the design and opera on of health facili es clearly would have
benefits.” By designing in flexibility and adaptability of structures (see Figure 4), one may “defer the obsolescence and
consequent need for demoli on and replacement of many health facili es, thereby reducing overall demand for building

Table 1: Carthey’s descrip on of flexibility of buildings at diﬀerent scales and in diﬀerent aspecs of building design. (Carthey)

materials and energy.” (Carthey et al., 2011)

The ability of a building’s structural system to accommodate projected climate changes and whether “non-structural
[behavioral] adapta ons might have a great enough eﬀect to oﬀset any errors from… …an erroneous choice of climate
change projec on.” The essence of the discussion is whether adjustments in the occupant’s behavior can future-proof
the building against errors in judgment in es mates of the impacts of global climate change. There are clearly many factors involved and the paper does not go into them in exhaus ve detail. However it is clear that “so adapta ons” such as
changes in behavior (such as turning lights oﬀ, opening windows for cooling) can have a significant impact on the ability
of a building to con nue to func on as the environment around it changes. Thus adaptability is an important criteria
in the concept of future-proofing” buildings. Adaptability is a theme that begins to come through in many of the other
studies on future-proofing. (Coley, Kershaw and Eames, 2012)

There are examples of sustainable technologies that can be used in exis ng buildings to take “advantage of up-to-date
technologies in the enhancement of the energe c performance of buildings.” The intent is to understand how to follow
the new European Energy Standards to a ain the best in energy savings. The subject speaks to historic buildings and
specifically of façade renewal, focusing on energy conserva on. These technologies include “improvement of thermal
and acous c performance, solar shadings, passive solar energy systems, and ac ve solar energy systems.” The main
value of this study to future-proofing is not the specific technologies, but rather the concept of working with an existing façade by overlapping it rather than modifying the exis ng
one. The employment of ven lated facades, double skin glass
facades, and solar shadings take advantage of the thermal mass
of exis ng buildings commonly found in Italy. These techniques
not only work with thermal mass walls, but also protect damaged and deteriora ng historic facades to varying degrees.
(Brunoro, 2008)

FUTURE-PROOFING IN THE ARCHITECTURE, ENGINEERING,
AND CONSTRUCTION (AEC) INDUSTRY

Use of the term “future-proofing” has been uncommon in
the AEC industry, especially with rela on to historic buildings
un l recently. In 1997, the MAFF laboratories at York, England
were described in an ar cle as “future-proof” by being flexible enough to adapt to developing rather than sta c scien fic
research. The standard building envelope and MEP services
provided could be tailored for each type of research to be
performed. (Lawson, 1997) In 2009, “future-proof” was used
in reference to “megatrends” that were driving educa on of
planners in Australia. (Meng, 2009) A similar term, “fa gue
proofing,” was used in 2007 to describe steel cover plates in
bridge construc on that would not fail due to fa gue cracking.
(Albrecht and Lenwari, 2007) In 2012, a New Zealand based organiza on outlined 8 principles of future-proof buildings: smart
energy use, increased health and safety, increased life cycle dura on, increased quality of materials and installa on, increased
security, increased sound control for noise pollu on, adaptable
spa al design, and reduced carbon footprint. (CMS, 2012)

Figure 4: Bertrand Goldberg’s Pren ce Hospital in Chicago, IL. This structure was determined to be func onally
obsolete as a medical research facility. Some would also say
that the brutalist architecture is aesthe cally obsolete. the
building is in the process of being demolished. (Wikimedia
Commons)

Another approach to future-proofing suggests that only in more extensive refurbishments to a building should futureproofing be considered. Even then, the proposed me horizon for future-proofing events is 15 to 25 years. The explanaon for this par cular me horizon for future-proof improvements is unclear. (Shah, 2012) This author believes that me
horizons for future-proofing are much more dependent on the poten al service life of the structure, the nature of the
interven on, and several other factors. The result is that me horizons for future-proof interven ons could vary from 15
years (rapidly changing technology interven ons) to hundreds of years (major structural interven ons).

In the valua on of real estate, there are three tradi onal forms of
obsolescence which aﬀect property values: physical, func onal,
and aesthe c. Physical obsolescence occurs when the physical
material of the property deteriorates to the point where it needs
to be replaced or renovated. Func onal obsolescence occurs
when the property is no longer capable of serving the intended
use or func on. Aesthe c obsolescence occurs when fashions
change, when something is no longer in style. A poten al fourth
form has emerged as well: sustainable obsolescence. Sustainable
obsolescence proposes to be a combina on of the above forms
in many ways. Sustainable obsolescence occurs when a property
no longer meets one or more sustainable design goals. (Reed and
Warren-Myers, 2012) Obsolescence is an important characterisc of future-proofing a property because it emphasizes the need
for the property to con nue to be viable. Though not explicitly
stated, the shocks and stresses to a property in the future are one
poten al way in which a property may become not future-proof.
It is also important to note that each form of obsolescence can be
either curable or incurable. The separa on of curable and incurable obsolescence is ill defined because the amount of eﬀort one Figure 5: A spalled stone railing baluster at Ri enhouse
is willing to put into correc ng it varies depending on several fac- Square in Philadelphia, PA. This baluster could be considered physically, func onally and aesthe cally obsolete.
tors: people, me, budget, availability, etc.
(Brian Rich, 2013)

However, the most informa ve realm for historic buildings within the AEC industry is the concept of resiliency. A new
buzzword among preserva onists and sustainable designers, resiliency has several clearly iden fied principles. In its
common usage, “resilience” describes the ability to recoil or spring back into shape a er bending, stretching, or being
compressed. In ecology, the term “resilience” the capacity of an ecosystem to tolerate disturbance without collapsing
into a qualita vely diﬀerent state. (Applegath et al., 2010) The principles of a resilient built environment include:

•
•
•
•
•
•
•

Local materials, parts and labor
Low energy input
High capacity for future flexibility and adaptability of use
High durability and redundancy of building systems
Environmentally responsive design
Sensi vity and responsiveness to changes in cons tuent parts and environment
High level of diversity in component systems and features

One reasonable approach to future-proof sustainable ci es is an integrated mul -disciplinary combina on of mi gaon and adapta on to raise the level of resilience of the city. In the context of urban environments, resilience is less
dependent on an exact understanding of the future than on tolerance of uncertainty and broad programs to absorb the
stresses that this environment might face. The scale of the context is important in this view: events are viewed as re-

gional stresses rather than local. The intent for a resilient urban environment is to keep many op ons open, emphasize
diversity in the environment, and perform long range planning that accounts for external systemic shocks. (Thornbush,
Golubchikov and Bouzarovski, 2013) Op ons and diversity are strategies similar to ecological resilience discussed above.
This approach again points out the importance of flexibility, adaptability, and diversity to future-proofing urban environments.

FUTURE-PROOFING HISTORIC BUILDINGS

The design of interven ons in exis ng buildings which are not detrimental to the future of the building may be called
“future-proofing.” Future-proofing includes the careful considera on of how “sustainable” altera ons to historic structures aﬀect the original historic material of the structure. This eﬀect is significant for long service life structures in order
to prevent them from deteriora ng and being demolished. This eﬀect is especially significant in designated structures
where the intent is to do no harm to the historic fabric of the structure.

Historic buildings are par cularly good candidates for future-proofing because they have already survived for 50 to 100
years or more. Given their performance to date and appropriate interven ons, historic building structures are likely to
be able to last for centuries. This durability is evident in the
buildings of Europe and Asia which have survived centuries
and millennia. Extension of the service life of our exis ng
building stock through sensi ve interven ons reduces energy
consump on, decreases material waste, retains embodied
energy, and promotes a long term rela onship with our built
environment that is cri cal to the future survival of the human species on this planet.

Future-proofing of designated historic structures adds a level
of complexity to the concepts of future-proofing in other
industries as described above. All interven ons on historic
structures must comply with the Secretary’s Standards for the
Treatment of Historic Proper es. The degree of compliance
and the Standard selected may vary depending on jurisdicon, type of interven on, significance of the structure, and
the nature of the intended interven ons. The underlying
principle is that no harm is done to the structure in the
course of the interven on which would damage the structure
or make it unavailable to future genera ons. In addi on, it is
important that the historic por ons of the structure be able
to be understood and comprehended apart from the newer
interven ons. (Weeks, 1995)

Figure 6: The future-proof restora on of a cast iron facade
building in the Garment District of New York, NY. This renovaon restored the building’s capacity to bring light to the lowest
levels of the basement through glazed sidewalk vault panels
(top le ) and has helped to ensure the ongoing use and occupancy of the building. (Brian Rich, 2013)

THE 10 PRINCIPLES OF FUTURE-PROOFING HISTORIC BUILDINGS
Based on the sources reviewed above, there are several principles that can be
extracted for applica on to historic buildings. Future-proofing of historic structures means:
1. Comply with the Secretary’s Standards. The Secretary of the Interior’s
Standards for the Treatment of Historic Places provide excellent guidance for the long term reten on of an historic building.
2. Not promote deterioraƟon – do no harm. It is natural for all building
materials to deteriorate. Interven ons in historic structures should not
Figure 7: The spalling brick on a building in
accelerate the deteriora on of the exis ng building fabric.
Philadelphia, PA is a sign of an interven on
3. Allow understanding of the historic structure. Interven ons in historic that does not comply with Principle #2.
Hard mortar combined with freeze thaw
structures should allow the students of history in our future to undercycles damages the irreplaceable brick
stand and appreciate the original historic building as well as the intermaterials. (Brian Rich, 2013)

ven ons which have kept it viable.

4. SƟmulate flexibility and adaptability. The interven ons in an historic
structure should not just allow flexibility and adaptability, but also
s mulate it. Adaptability to the environment, uses, occupant needs,
and future technologies is cri cal to the long service life of a historic
building.
5. Extend service life. Interven ons in historic buildings should help to
make the building useable for the long term future – not shorten the
service life.
6. ForƟfy against extreme weather and shortages of materials and
energy. Interven ons should prepare the building for the impacts of
climate change by reducing energy consump on, reducing consumpon of materials through durable material selec ons, and be able to be
for fied against extreme natural events such as hurricanes and tornadoes. Ideally buildings would be designed appropriately for seismic
zones and sea level change.

Figure 8: The shu ers on this building in
Philadelphia, PA are an excellent example
of Principle #6. The shu ers help to
strengthen the building against extreme
weather. (Brian Rich, 2013)

7. Increase durability and redundancy. Interven ons in historic buildings
should use equally durable building materials. Materials that deteriorate more quickly than the original building fabric require further
interven ons and shorten the service life of the building.
8. Reduce the likelihood of obsolescence. The building should be able to
con nue to be used for centuries into the future. Take an ac ve approach: regularly evaluate and review current status in terms of future
service capacity. Scan the trends to provide a fresh perspec ve and
determine how your historic building will respond to these trends.
9. Consider long term life-cycle benefits. The embodied energy in existing structures should be incorporated in environmental, economic,
social, and cultural costs for any project.
10. Incorporate local materials, parts and labor. The parts and materials
used in historic building interven ons should be available locally and installed by local labor. This means that the materials and manufacturing Figure 9: Local labor parts and materials are important to implemen ng easy
capabili es will be readily available in the future for eﬃcient repairs.

repairs on historic buildings. (h p://www.
nhclocks.com)

RELATED CONCEPTS

Due to the lack of literature specifically addressing the futureproofing of the extant building fabric in historic structures, it is
important to look to related concepts. In some areas, this opens the
discussion to very broad areas. Below is an image by the author of
the literature web delinea ng related terminology. Items shown in
red are relevant for conceptual understanding of future-proofing as
applied to exis ng buildings. Items shown in green are areas likely
to be more frui ul in understanding the future-proofing of exis ng
structures.

Resilience is a concept closely related to future-proofing. Both seek
to account for the ability of a building to handle unknown stresses
in the future. However, future-proofing is a broader term than
resilience. Future-proofing includes the concepts of not promo ng
deteriora on, obsolescence, applicability to historic structures, and
long term life cycle benefits, whereas resilience largely refers to the
ability of an ecosystem to bounce back from and adapt to stresses.
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There are several other closely related areas of study within the
Figure 10: thre are several industries that use the term
prac ce of architecture that are related to future-proofing as well.
“future-proof” to describe aspects of their prac ce.
Good prac ce in architectural design always seeks to find the best
The prac ce of architecture also has several ways of
route to meet a plethora of divergent goals through a building
supportng future-proof design. (Brian Rich, 2013)
design. Building science and building technology seek to find the
best solu on of a par cular building assembly to meet environmental and constructability concerns. Building envelope failures and the science of forensic architectural inves ga on work
toward a be er understanding of why bad things happen to buildings and how to not only remedy them, but to prevent
them from occurring again in the future. Incorrectly designed interven ons in historic structures and the resul ng reducon in the service life of the building is another area closely related to future-proofing. From each of these areas, there
are contribu ons toward the prac ce of future-proofing historic buildings. Future-proofing seeks to provide a framework
for considera on of all of these areas of architectural prac ce.

COMPUTATIONAL ANALYSIS AND SIMULATION SOFTWARE FOR FUTURE-PROOF DESIGN
SELECTED SIMULATION SOFTWARE

There are several so ware programs to assist in computa onal analysis of case study building enclosure systems. Simula on so ware breaks down into three categories: thermal, hygrothermal, and whole building simula on. THERM/Window, WUFI-ORNL/IBP, HygIRC, DesignBuilder, and EE4 are examples of simula on programs used in computa onal analysis of this type. Each of these programs have challenges in applying them any building, let alone exis ng structures. The
results are results of a carefully built model and good analysis of he results are beneficial to understanding the impact of
an interven on on an exis ng structure.

Figure Figure 11: THERM analysis of a wall sec on shown in three
diﬀerent modes: a) building components, b) isothermic lines overlaid on wall sec on, and c) color infrared. (Parker and Lozinsky)

Figure 12: THERM/Window results for heat transfer through
a window. Image courtesy of h p://www.designbuilderso ware.com/therm.php

THERM/Window (h p://windows.lbl.gov/so ware/therm/therm.html) is one of the most prevalent simula on so ware
programs. It was developed by Lawrence Berkeley Na onal Laboratory as a finite element analysis program for modeling 2 dimensional steady state heat flow. It uses drawings as a basis for the geometry of simula on and shows results as
isothermal lines or as colored bands in graphical humidity and temperature contour plots. (SEE FIGURE BELOW) The 2-d
steady state model is limited because it does not allow simula on of variable condi ons, requires fairly simple models,
and does not handle unusual configura ons or penetra ons of the assembly well. (Parker and Lozinsky, 2010)

Figure 13: WUFI analysis of a wall sec onshowing the temperature (red) changes and humidity (green) changes across a one
dimensional wall sec on. The exterior of the wall is on the le and the interior is on the right. Image courtesy of h p://www.
smallplanetworkshop.com/small-planet-blog/2013/8/26/the-abcs-of-wufi-pt12-analyzing-the-results.html

WUFI-ORNL/IBP (h p://web.ornl.gov/sci/ees/etsd/btric/wufi/), originally developed in Germany, is a simula on so ware that includes both thermal and humidity simula on in building assemblies. It is a one dimensional program for use
analyzing porous materials and includes the ability to simulate condi ons in specific loca ons throughout the year. The
graphical humidity and temperature contour plots of the analysis are available in a variety of formats depending on the
desired informa on. WUFI is be er able to handle complex assemblies of building components and even moisture and
ven la on anomalies, but is limited by the expert level requirements for
input data, one dimensional analysis, lack of accoun ng for thermal bridging, focus on porous materials, and incomplete weather data for many
ci es in North America. (Parker and Lozinsky, 2010)

HygIRC (h p://www.nrc-cnrc.gc.ca/eng/solu ons/facili es/hygrothermal.html) is a hygrothermal simulator developed for research in Canada
that is becoming more popular in the United States. It was developed
for analysis of low-rise wood frame construc on systems. The major
benefit of the program is that it not only helps to pinpoint problem locaons in a building assembly, but also helps to determine the magnitude
and dura on of the problema c condi ons. The graphical humidity and
temperature contour plots show the results of the analysis. The so ware
is limited by its recent development and subsequent lack of long term
tes ng as well as known issues with the RHT (Rela ve Humidity) scale.
(Parker and Lozinsky, 2010)

DesignBuilder (h p://www.designbuilderusa.com/) is a robust simulator with a graphical interface. Developed in the US, it accounts for North
American building materials, uses 3-d full building models, and accounts
for loca on, use, solar heat gain, and HVAC systems. The wide variety
of outputs include energy usage, heat gain and loss, opera on temperatures, ven la on, occupant comfort, and HVAC loads, DesignBuilder gives
one of the most complete analyses of a building available. The main limita ons of DesignBuilder originate in the eﬀort to simulate en re buildings. The so ware is necessarily general and broad in its scope and does
not allow for detailed analysis or complex varying building assemblies.
Overall building analysis is the best applica on for this so ware. (Parker
and Lozinsky, 2010)

Figure 14: HygIRC analysis of a wall system showing the temperature (yellow), dew point (orange)
and moisture content (green) change across
the thickness of a wall assembly. (h p://www.
healthyhea ng.com)

Figure 15: DesignBuilder includes graphical
interfaces for several modules of the US Department of Energy’s EnergyPlus modeling program,
including computa onal fluid dynamics illustrated
above. (h p://www.designbuilderusa.com/

Developed in Canada as a whole building simulator, EE4 (h p://canmetenergy.nrcan.gc.ca/so ware-tools/ee4/754) accounts for the same
factors as DesignBuilder plus occupant schedules, ligh ng and equipment
loads, and other secondary building systems. Graphical and compliance
report outputs are focused on demonstra ng compliance with Canada’s
Model Na onal Energy Code for Buildings. The focus for this program is
also the origin of its limita ons. This simulator is only valid in Canada and
does not have some of the capabili es of other programs available, such
as air leakage simula on. (Parker and Lozinsky, 2010)

Understanding the variety of building simula on so ware is important
to understanding which program is best for analysis of an interven on
on an historic building. Each simula on so ware program has strengths

Figure 16: EE4 works through a building tree
interface to list all of the building elements and
determine compliance with Canadian energy
codes. (h p://apps1.eere.energy.gov)

and weaknesses as well as pi alls in its usage. Simula on of a complex historic structure would be challenging given the
exis ng simulators available, but can assist in the design of an interven on. Simula on of components of exis ng buildings can help to understand the performance of a building enclosure and ensure that damage is not done to the building
through insensi ve design.

DISCUSSION OF SIMULATION SOFTWARE

The concept of using computer simula on to analyze their performance of buildings under specific and varying clima c
condi ons is not new. However, there are several hurdles to ensuring that the models reflect the design accurately.
O en one finds that “all models are wrong, but some are useful.” (Box and Draper, 1987) In the case of building performance models, there are many ways in which the results from a model might be wrong. However, the results are s ll
very useful in guiding the design of an interven on on an historic building. The challenges in using building simula on
so ware such as those programs listed above breaks down into four categories: 1) the ability to model the exis ng
structure, 2) limita ons of the simula on so ware for both input and output of data, 3) the user’s capability with each
program, and 4) the capability to interpret the results. Other poten al sources of inaccuracies between the simula on
results and actual building performance include actual materials installed, construc on techniques, and occupant use of
the building.

The ability to accurately and precisely model the exis ng structure is an important criterion in understanding which
simula on so ware to use, let alone whether the so ware will be able to achieve the designer’s goals. Buildings are extremely complicated elements of the built environment involving thousands of building components. Many mes each
of these building components are slightly diﬀerent from the one next to them, necessita ng an averaging of their proper es which may not accurately
reflect the condi ons at any specific
place in the building. In addi on,
the manner in which the components are put together may have
varying thicknesses of layers, holes
or voids, unknown components,
and unforeseen condi ons which
are not included in the model either
because it is not possible to model
the building that carefully or they
are simply unknown. Simula on
so ware is not capable of modeling
all aspects of a building structure
such as founda ons, air infiltra on,
heat loss due to edge and corner
Figure 17: The graphical model of a school building in DesignBuilder. Note the simplified
eﬀects, and HVAC system performodel that is used to represent the building. (h p://www.designbuilderusa.com/)
mance. (Blasnik, 2013)

There are also limita ons inherent in each simula on so ware program which aﬀects the applicability of the results.
Some so ware is limited to 2d or 3d results, or may not have the ability to input the physical proper es of each material.
So ware programs are under con nual development and refinement, typically star ng from fairly basic parameters. As
new parameters are discovered to be important, they are added to the so ware. However, the so ware may s ll not be
able to model the material and physical proper es completely. This is important to consider since there may be important proper es for materials that the so ware has no way to input simply because it has not been considered before.
Beyond the physical proper es of each material, other factors in the building construc on have proper es that can-

not be input into a model. Examples include hea ng system eﬃciency, air infiltra on rates and loca ons, uniformity of
indoor and outdoor temperature and humidity. Last, another limita on is the standard weather files that are available in
building simula on so ware. These are poorly suited to the task of assessing poten al climate change impacts on buildings. (Jentsch, Bahaj and James, 2008) Thus they could render models suitable to present weather condi ons, but not
condi ons in the future, and by extension, would not assist in the future-proofing of buildings against climate change.

The user’s capability with each program is also a significant factor in obtaining accurate and precise results from a model.
Should a user not be aware of some variables or how to use them, the results will be inevitably inaccurate. Significant
experience in the use of simula on so ware is required to understand the nuances of each of the variables that the
so ware is capable of using. Chemical and physical material property analysis can provide accurate data, but it is also
important for a so ware user to understand the meaning of each piece of data and how it could impact the model.

The capability to interpret the results is also important. The so ware programs may give results in a form that is not intelligible without a well-developed ability to analyze the results. For example, the figure below shows the
results of a WUFI analysis of a wall system. Without understanding the nature
of the colored areas of the figure, it is impossible to understand what the
figure is conveying.

Figure 18: A sample HVAC system model in
Design Builder. (h p://www.designbuilderusa.com/)

Updates to the model to reflect measured data and to calibrate the system are
also important for accurate modeling. One pilot study of simula on so ware
in Oregon discovered that there were substan al variances in the results
for complicated models between diﬀerent so ware programs. O en mes,
detailed and complex models in simula ons gave more inaccurate results
than reasonable assump ons and simpler models. (Blasnik, 2013) In addi on,
the data that is used to update the models may be flawed. The data may be
hard to measure, measured inaccurately, open to interpreta on, and may be
biased by the data collector. So ware updates can help to remove some inaccuracies, but may never be able to replace the intui on of a wise simula on
designer.

There are three other areas where the results of a building simula on model may diﬀer from the actual building performance. First, it is common for the actual materials installed to change depending on the contractor and what is purchased for the product. It is rare that only one building product is allowed to be used by a contractor. Second, construcon workmanship and techniques for installing materials significantly varies depending on the contractor and their
capabili es and work habits. For instance, one contractor my not blow in the exact amount of insula on called for in the
drawings. This type of error can also aﬀect building performance. Last, the way the occupant use the building is also
important. The occupants may not be aware, for instance, that they need to open the blinds on the windows to allow
sunlight and thus reduce ar ficial ligh ng energy consump on.

Further analysis of building simula on so ware is required to completely understand their ability to help future-proof
interven ons in exis ng historic structures. Each so ware program should be reviewed for the ability to input exact
exis ng condi ons for historic structures in addi on to being able to best model the actual material, thermal, and other
physical proper es of each material. Simula on so ware does not answer all of the poten al problems in building assemblies, nor does it guarantee performance of a building assembly or replace good judgment. However, simula on can
support appropriate interven on design in historic buildings when used in combina on with other building technologies,
case studies and norma ve regional standards.

CONCLUSIONS & FUTURE RESEARCH
In conclusion, while there is very li le literature specifically related to future-proofing historic structures, there is a significant body of knowledge around the concept of future-proofing within the AEC industry and in other related industries, including:

 Electronics, Data Storage, & Communica ons Systems
 Industrial Design
 U lity Systems
 Climate Change and Energy Conserva on

These are industries in which “future-proofing” is regularly used. This body of knowledge may be used to develop a set
of principles of future-proofing. The 10 Principles of Future-proofing and their deriva on from related industries can
guide the applica on of the concept of “future-proofing” to and historic structures. The 10 Principles of Future-Proofing
historic buildings are:

1. Comply with the Secretary’s Standards.
2. Not promote deteriora on – do no harm.
3. Allow understanding of the historic structure.
4. S mulate flexibility and adaptability.
5. Extend service life.
6. For fy against extreme weather and shortages of materials and energy.
7. Increase durability and redundancy.
8. Reduce the likelihood of obsolescence.
9. Consider long term life-cycle benefits.
10. Incorporate local materials, parts and labor.

FOR FURTHER RESEARCH

Further research on this subject includes the review of the broader subjects related to future-proofing structures, including building science, building technology, etc., as illustrated above. In addi on, further analysis of the capabili es,
constraints, and ability of computa onal so ware to describe historic building assemblies is required. While there is a
significant body of research regarding the use of building simula on so ware to describe building performance, it is not
clear whether this includes simula on of exis ng historic structures or whether historic structures are considered too
anomalous to be good candidates for simula ons.
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