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Summary 

A successful sustainable, or green, project is a solution that is greater than the sum of its 
parts.  By intentionally building connections and cross-linked support between the 
engineered, cultural, and natural systems present in all building projects, significant 
efficiencies can be achieved.  Project and operating costs can be reduced.  Simply adding 
or overlaying individual “environmental” systems or components in isolation will not 
allow buildings and communities to benefit from the available connections and 
interdependencies that can be identified in an integrative design approach.  This is the 
fundamental challenge of sustainable design and building cost-effective LEED® projects. 
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1 Introduction 

We have found that the majority of presentations and books on green design describe the 
‘what’ of sustainability – what to do, what to use, what to design, what to buy, what not to 
buy.   This paper is about ‘how’ – how to make the best design decisions, how to address 
the issues of sustainability, how to work effectively with others, and how to address 
complex processes of life when designing and building our buildings and communities.   

How you do something is a process.  This paper is about process.   
This process is called the Integrative Design Process.  It is not our idea.  This 

practice has emerged from the field of green and sustainable design as a natural response to 
the dead end that is reached when project teams look only at the “green stuff” and objects 
of design – only at the technologies and products. This paper is based on our collective 
experience from over 100 projects and how we’ve seen the process work . . . it’s about the 
potential this process has for creating buildings, places, communities, and people that make 
the world a better place.   

Unfortunately, given the limits of this paper, we can at best only begin to introduce 
the fundamental concepts underlying this process for the purpose of inviting you to explore 
this process further and discover more deeply how to implement integrative design 
strategies.  For a more comprehensive exploration and description of  the integrative design 
process, we recommend reading The Integrative Design Guide to green Building: 
Redefining the Practice of Sustaianability, a book that took us nearly four years to write 
and was published by Wiley in April, 2009. . . but we also suggest that once you begin to 
implement this process, it will never play out exactly as we have written it, but you might 
find that your own process – like ours – will continue to evolve.  And to evolve is itself 
a process – a valuable one, because we still have much to learn. 
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2 Stop and Reflect: Our Process of Optimization in Silos  

The design of each individual system in a building project is done primarily in isolation by 
the  many minds of the project‘s engineers and architects – all of whom are specialists 
within their disciplines, possessing tremendous acumen and skill in optimizing their 
systems.  Then, after each system has been designed and optimized, the drawings are sent 
back to the architect who ostensibly coordinates each system—for example, making sure 
that the duct work does not run into the path of the sprinkler piping, structure, and so on. 
The architect then produces a final set of design documents, which more often than not is 
over budget for green buildings, so we engage “value engineering” (you likely have heard 
the joke that value engineering is neither – since it certainly is not about value nor does it 
rquire any engineering).  In other words, the building is made cheaper by cutting out pieces 
and/or reducing scope, often by plucking away “green” components, because they were 
conceived as an additional layer of stuff – in essence, eliminating things that the Owner 
originally wanted.   

If most or all of these green technologies remain, and the building is constructed, we 
have a “successful” green or perhaps LEED-certified building that does less damage to the 
environment. But each of these technologies costs more, so the building costs significantly 
more to build.  Many of these buildings are being constructed right now as you read this—
they are doing their part by hurting the planet less.  But where has this left us?  If you have 
a planet filled with millions and millions of buildings that simply do less damage, you still 
haven’t solved the problem.  With thousands and thousands of the best and brightest design 
and construction professionals working with brilliant minds and genuine caring, we need to 
accomplish more than simply doing less damage.   

There are many problems that arise with this un-holistic, un-integrated approach, the 
most significant of which being that there is no clear leverage point or accepted and 
established methodology for transforming the way that we build.  Given the magnitude of 
the challenges that we face, it will take nothing less than a massive transformation of the 
way that we build and inhabit our places to get us out of this mess – and to do better than 
simply doing less damage.  How might that transformation occur?  Where in our current 
design process exists the point at which we might intervene to create large-scale change?  
The answer, simply, is that it doesn’t exist within our current process. 

3 A Shift in Thinking and Process:  No System in Isolation 

Yet, it is not the collaboration of the “many individual minds” of the designers that is the 
problem—it is the process by which they collaborate. With these many minds, each 
representing an advanced discipline, we have a tremendous potential: rather than 
assembling our buildings from fragments that interact with one another in unplanned ways, 
we could be creating them as a harmonious whole whose parts support one another in 
mutually beneficial inter-relationship. The result would be historic: tapping into the co-
creative potential of our many advanced disciplines, transforming not only how we work 
and build, but also how we live. 

After working on over 100 green buildings over the past 15 years, it has become 
apparent to us that virtually everyone in our current generation of design and construction 
professionals was trained in the process of optimizing each system in isolation. Because we 
base our calculations upon rule-of-thumb values, building systems are being optimized in 
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relationship to an imaginary, generic building represented in the pages and tables of design 
standards—rather than to one another and the actual reality of the building being designed. 
The systemic relationships that make up the whole cannot be seen from the seat of any one 
discipline, and so the many minds participating in the process function as disparate bodies 
of intelligence rather than as a coherent, organized force. The result is that our buildings 
embody redundancy built upon redundancy—significantly oversized systems that consume 
more resources and energy than necessary, resulting in severe environmental impacts, 
including both the impacts associated with operating the building’s systems and those 
associated with extracting materials for, manufacturing, and installing these systems. 

So, how are building components inter-related? Let’s examine one rather elegant and 
concrete example by asking the following question:  How does the selection of the paint 
color for interior walls impact the size of the HVAC system? As it turns out, there’s 
a strong relationship between the seemingly unrelated factors of paint color and 
reflectance, lighting, and HVAC system size. How does this work? 

Every lighting designer utilizes the following equation, along with a chart similar to 
Figure 1, when determining the required lighting in any given space: 

CULLF   lumens 

 areas footcandle
 ures light fixtNumber of 




  

 
Fig. 1 Generic coefficient of utilization table 

The denominator on the right side of the equation includes light loss factor (LLF), which is 
a multiplier value that estimates the degradation of the lighting system over time, 
a function of the selected system’s lamp lumen depreciation, ballast factor, and luminaire 
dirt depreciation. The other variable in the denominator is the coefficient of utilization 
(CU), which is derived from a CU table similar to Figure 1. The way designers enter this 
CU chart is by selecting a light reflectance value (LRV) for the ceiling, wall, and floor 
surfaces in the space. You can see from the table that as reflectance values for these 
surfaces get higher (moving to the left in the top rows of the table), the corresponding CU 
values in the lower part of the table also get higher. If the CU gets higher, as demonstrated 
by the above equation, the required number of light fixtures gets lower—often the number 
of lighting fixtures can be reduced significantly.  
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On our first green school project, we discovered that the number of lighting fixtures 
in every classroom could be reduced by 25% compared to standard practice, depending on 
the paint color being selected. How did we learn this? Late in the project’s schematic 
design phase, the lighting designer called the architect and asked a simple question:  What 
is the light reflectance value of the paint color that you have selected for every classroom 
in the project? This was highly unusual at the time (in 1997), and it remains highly unusual 
today. The architect’s response was “I don’t have a clue.” The lighting designer said “You 
might want to look at the back of the paint chip sample.” The architect did, and it read: 
LRV 64%. The lighting designer then said, “If you can get that number up above 75%, we 
can reduce the number of lighting fixtures in every one of those classrooms by 25%.” 

In those days, typical 1,000 square foot classrooms were lighted with 16 triple-lamp 
T12 fixtures. In the case of this early green school project, by increasing the LRV of the 
paint on the walls, we were able to reduce the number of lighting fixtures to 12 triple-lamp 
T8 fixtures, a 25% reduction. Ten years later, we now design typical 1,000-square foot 
rooms with only 9 triple-lamp T5 fixtures, nearly cutting in half the number of fixtures per 
classroom but still maintaining adequate illuminance of the work surface (roughly 50 
footcandles – 500 lux – which is the recommended illumination level for the tasks 
performed in a typical classroom). 

Reviewing our work on this early green school project, we now had 25% fewer light 
fixtures – clearly this lighting system cost r less to build. Additionally, over the life of the 
building, we now were illuminating 25% fewer lights, thereby reducing the amount of 
electrical energy for lighting by 25% in all classrooms over the life of the building and, in 
turn, reducing by 25% the environmental impacts associated with burning the fossil fuels 
required to create that electrical energy. As most of us know, operational costs and 
environmental impacts often dwarf those of initial construction.   

But it gets better. What else do lights produce besides light? Heat — and a lot of it. 
A good rule of thumb is that for every 3 watts of energy spent to power a light, another 
watt of energy is required for cooling the heat generated by those lights. Let’s connect that 
to the HVAC system. 

In many climates, it is not uncommon to spend more energy cooling our commercial 
buildings than heating them because of internal loads, such as electrical appliances (plug 
loads) and the body heat of occupants, so the building’s cooling system size often is driven 
by these internal loads, as you know. . . but the chief internal generator of heat frequently 
is lighting. In a typical school, the lighting system can account for as much as 50% of the 
annual electrical consumption and up to 40% of the building’s cooling loads. This internal 
load created by the lighting system is calculated as lighting power density (LPD), which is 
simply the amount of watts of connected lighting in a space divided by the square footage 
of that space. When mechanical engineers enter this LPD value into their block load 
calculations to determine required cooling capacity (and in turn to size HVAC equipment), 
it is clear that by reducing the number of light fixtures – and therefore LPD –  the size and 
capacity of the HVAC supply system can be reduced significantly. Further, since cooling 
capacity determines the size of the distribution system as well (i.e. duct work and piping), 
the size of these components also can be reduced (smaller ducts). This equates not only to 
significant savings in the first cost of construction, but also results in operational savings 
over the life of the building, since less energy is required for a smaller HVAC system. 

So, let’s summarize: we now have reduced first cost for lighting, first cost for 
HVAC-supply systems, first cost for HVAC-distribution systems, operating and energy 
costs for lighting, operating and energy costs for HVAC systems,  environmental impacts 
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associated with manufacturing lighting and HVAC equipment, and the environmental 
impacts associated with burning the fossil fuels required to provide energy to these lighting 
and HVAC systems. . . all because of the paint color?! 

Well, yes. But there is a problem. 
Over the past 15 years, we have asked over 3,000 electrical/lighting engineers this 

question: “When was the last time you had a conversation with your architect to find out, 
before designing the lighting system, the actual light reflectance values of the surfaces in 
the space?” We usually are met with shrugging shoulders, or the response is simply 
“never”. Then we ask,  “Okay, then, since you’re not using actual reflectance values when 
you enter the coefficient of utilization table, what reflectance values do you typically use 
for ceilings, walls, and floors?” In all but a few cases we hear – almost like a mantra – the 
same response:  “80, 50, 20”.  

So we ask: “But what if those values actually are  90, 80, and 40 for the selected 
materials?” 

They reply: “Well then, we can significantly reduce the number of lighting fixtures.” 
Unfortunately, this almost never happens. Rather, we have found that lighting 

engineers rarely factor such optimal reflectance values into their calculations, so the 
number of lighting fixtures ends up being far more than (often double) what it needs to be. 

It gets worse. 
We then ask the HVAC engineers:  “When was the last time you had a conversation 

with your electrical engineer to find out the actual calculated lighting power density in the 
spaces being cooled before sizing your cooling system?” Again, more shrugging shoulders, 
and nine times out of ten, we hear “never.” When asked what values they use instead, these 
HVAC engineers typically reply that they take the LPD values out of ASHRAE tables for 
the associated building type, or they base these values on assumptions from past 
experience. It should be noted, in their defense, that part of the problem is that the lighting 
design typically occurs much later in the design process than  the point at which load 
calculations are performed.  

In 1997, when we were working on this early green school, the standard rule of 
thumb utilized by HVAC engineers to input lighting load into their equations, using LPD 
values right out of the ASHRAE tables, was 2 watts per square foot. We haven’t worked 
on a school in over 10 years that has required more than one watt per square foot – half the 
assumed LPD, hence half the heat generated. We also have seen a similar and consistent 
doubling of LPDs for office buildings as well (1.5 watts per square foot versus an 
achievable .75 – or even 0.65 –  watts per square foot). 

From this single example, we can see that systems as ostensibly unrelated as interior 
wall paint and HVAC systems are in fact closely related. Rather than working to deepen 
our understanding of these inter-relationships, though, we work to optimize the individual 
things: the architect selects surfaces based upon a preferred aesthetic, the lighting engineer 
uses rules of thumb to select lighting fixtures, and the HVAC engineer uses rules of thumb 
to size cooling equipment. As a result, we build into the project redundancy on top of 
redundancy, and we pay for that in terms of increased construction costs, operating costs, 
and environmental impacts.  In short, our current process lacks both an understanding of 
how these systems inter-relate and the communication between design professionals 
required to reach such understanding.  
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4 Building as an Organism and Tunneling Through the Cost Barrier 

One way to begin the shift toward a new process is to think of our buildings as organisms, 
where every system is in symbiotic relationship, such as paint color and HVAC equipment. 
Think for a moment about your body as an organism—an extremely elegant one at that. 
Your body is made up of a number of interrelated systems:  immune, respiratory, digestive, 
circulatory—all of these systems work in perfect concert with one another. Each of these 
systems impacts the others: for example, when your immune system is stressed, it has an 
impact on your circulatory system, your digestive system, and your respiratory system—
and vice versa. A building’s systems—the ventilation system, the electrical system, et 
cetera—also impact one another. Perhaps we can think of a building’s ventilation system 
functioning as its respiratory system and the electrical system as its circulatory system, and 
so on. A process that encourages design teams to develop such an understanding of these 
inter-relationships is critical for reducing construction costs, operating costs, and 
environmental impacts.  

Armory Lovins of the Rocky Mountain Institute, along with his writing partners 
Hunter Lovins and Paul Hawken, succinctly summarize the nature of these inter-
relationships in their seminal book Natural Capitalism when they tell us:  

“Optimizing components in isolation tends to pessimize the whole system – and 
hence the bottom line. You can actually make a system less efficient, simply by not properly 
linking up those components. . . If they’re not designed to work with one another, they’ll 
tend to work against one another.”   

Yet, most of us have been conditioned and trained to design our buildings by 
utilizing a fragmented process that optimizes each system or subsystem in isolation, based 
upon conventions and rules of thumb.   

Our conventional process addresses cost in terms of being on time and within budget, 
often by “fixing” things, again with what we euphemistically call “value engineering”. 
When we want to consider sustainability, we add more considerations into the mix:  energy 
efficiency of the envelope, new energy technologies, daylighting, solar orientation,indoor 
air quality (IAQ), lighting quality, equipment power density, toxicity of the built 
environment, materials resources, embodied energy in these materials, life cycle cost 
analysis, life cycle assessment of environmental impacts, habitat health, water recharge, 
water conservation, low impact development design, soil health, land restoration, impacts 
on local economy, transportation energy, environmental impacts of infrastructure, abuse of 
labor practices by manufacturers, and so on.  

 Considering all of these issues can be overwhelming. How we can possibly address 
all of this and still be on time and in budget? It’s easy to see that simply adding these 
issues to our conventional design process, as if these are technologies that we can specify 
or overlay on top of the design, would be a very daunting task in the face of budget and 
time constraints.  

In other words, adding components costs money. This is obviously true. Many 
developers and clients are starting to come around to the realization that occupancy costs 
will eventually make the increased first-costs investment (or hard capital cost of 
construction) that a green building is assumed to require “worth it” in the “long run.” This 
reasoning not only lacks potency, but it actually becomes unnecessary when an integrative, 
whole-systems process is used. When the building is being optimized as a whole system by 
a design team that focuses on the relationships between building components, single 
components often can be seen to perform multiple, “stacked” or “cascading” functions. 
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This allows us to downsize or even eliminate other systems, saving not only operations 
costs but the ever-critical first costs as well.  

To ensure that cascading benefits are realized, once a project teams identifies some 
green strategy that adds cost, we encourage them to ask:  What other systems will be 
affected by this new strategy or component? Are there any systems that can be downsized 
– or even eliminated – as a result of this new decision? This can almost serve as an 
integrative design mantra: What other systems are impacted? The money saved from 
reducing or eliminating such systems or components can then be used to pay for the 
additional cost of the green strategy that allowed for the reduction in the first place, hence 
neutralizing overall construction costs.  In Natural Capitalism, Lovins refers to this kind of 
thinking as “tunneling through the cost barrier.”  

5 The Project Design Team as an Organism  

All that the integrative approach requires is a process that facilitates intelligent and 
intentional communication between all team members, along with a willingness to reach 
for high performance goals with “state-of-the-shelf” technologies. The good news here is 
that we now have the tools (unavailable to us 15 to 20 years ago) that allow us to examine 
these critical inter-relationships:  tools such as computer-simulated energy modeling, 
daylighting simulation software, and life cycle assessment (LCA) packages. These tools 
allow us to analyze and optimize the interactions between many systems, sub-systems, and 
components, rather than optimizing each system or component in isolation. Because of this 
ability to simulate the interactions between these systems, we can now begin to address 
more aspects of how they inter-relate as a whole.   

But these aspects are not things; they cannot simply be bought and “overlaid” onto 
a building design. They are aspects of a whole system of interconnected relationships. Lots 
of different specialists hold the knowledge of these different aspects. In our Age of 
Specialization, one person simply cannot address all of them. A new kind of design process 
is needed. To paraphrase Einstein, the same design process that created the problems we 
face will not be able to solve them. Such a process must look at the whole, not just sets of 
component parts. This requires not only an understanding that every one of the building’s 
systems impacts every other system, but it also mandates a non-linear, holistic process 
where everybody integrates their work rather than designing their systems within their 
isolated silos.   

Returning to our “buildings as organisms” metaphor, we can see that the challenge, 
then, is two-fold. Not only does the building need to be designed to function as an 
organism—whereby every system and component impacts and affects all other systems—
but the design team itself needs to be functioning as an organism. Organic systems, such as 
our metaphorical organisms, organize themselves through processes of feedback—
communication. Our process must allow or encourage all design team members to interact 
on a much higher level in order to understand how the decisions each is making impacts 
the decisions all others are making. In this way, high performance teams can be built and 
sustained for designing high performance buildings. 

One commonality that we’ve found between all of our most successful projects is 
that the usual “right” answers were never assumed; rather, they were always questioned 
through an interdisciplinary process. This means that the design team should not function 
as a team of experts, but rather, as a team of co-learners. We shouldn’t expect project team 
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members to know everything; rather, we should expect them to question everything they 
know.  

6 Conclusions:  A Call to Action  

As our collective values have shifted toward sustainability, great innovations have been 
made.  Thousands of the best and brightest professionals are devising ways to improve the 
efficiency and reduce the impact of what they design.  But we are still designing from 
a process that belongs to the Age of Specialization, and thus our solutions and approaches 
to sustainability are as fragmented as ever. When a technology is proposed as a solution to 
a green building issue, we are in effect saying we have the answer for you.  But do we?  
Have we even asked the right question?  

These are urgent times.  Depending on which reports one reads, we have only a little 
or almost no time left to change. There is a call to action before us:  change the way that 
we build, or the Earth will change it for us. If one part of the building improves, it remains 
just that—an improved part.  We are working brilliantly toward creating highly efficient 
pieces of buildings—but the world’s most efficient HVAC system, un-integrated with the 
whole, is but a drop in the bucket compared to the magnitude of change that we need to 
create. The process by which the Master Builder from two centuries ago produced such 
enduring and vital places has been lost, for the world has become far too dynamic and 
complex for such a system to function.  Even understanding the systems within a single 
building has become too complex for one mind.What is being called for is a new process 
of integration for building the more complex systems that we inhabit. 
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