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Course Description: 
 

The course is based entirely on the Los Alamos National Laboratory Sustainable 
Design Guide.    

This course will describe design and construction approaches that can be 
employed to create a sustainable building.   

The purpose of the LANL Sustainable Design Guide is to:  (1) Set forth a specific 
planning and design process, (2)  Guide planners and designers with a physical 
guide towards sunstainable buildings, and (3) create a process for evaluating 
progress for sustainability. 

 

How to reach Us … 
 

If you have any questions regarding this course or any of the content contained 
herein you are encouraged to contact us at Easy-PDH.com.  Our normal business 
hours are Monday through Friday, 10:00 AM to 4:00 PM; any inquiries will be 
answered within 2 days or less.  Contact us by: 
 
EMAIL: bajohnstonpe@aol.com 
Phone: 888-418-2844  (toll free) 
FAX:  813-909-8643 
 
 

Refer to Course No. 0010329, 
 

  Sustainable Building Fundamentals 
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CA No. 30074 
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24 QUESTIONS 
 

Q1:  An exceptional work environment would include and must consider:        
  
(A) the workspace of each individual 
(B) the tools and equipment used by an individual in their workspace 
(C) surrounding structures or buildings 
(D) All of the Above 

 
Q2: As of the publication of this guide, Buildings in the United States consume WHAT percent of 
the primary energy of the nation:     
 

(A) 22 percent  
(B) 27 percent 
(C) 37 percent 
(D) 47 percent 
   
Q3:  A High-performance building should be designed to be built in order to attain all of the 
following EXCEPT:   
 

(A) minimize resource consumption  
(B) reduce life-cycle costs 
(C) minimize construction costs  
(D) maximize health and environmental performance  
 

Q4:  Architectural teams may NOT specifically consider designs to increase the human 
productivity of building occupants because:     

(A) there is a desire to keep initial costs down 
(B) human productivity can be a hard thing to measure  
(C)  there is not enough course work provided in this area 
(D) A and B 

 

Q5:  Lighting systems constitute what percentage of the total annual electrical energy 
consumption in U.S. office buildings:   

(A) 30 to 50 percent 
(B) 20 to 30 percent 
(C) 10 to 20 percent  
(D) 5 to 10 percent  
 

Q6:  The Tube Diameter of a T-6 Linear fluorescent lamp would be:    

(A) 1 / 2 inch 
(B) 5 / 8 inch 
(C) 3 / 4 inch 
(D) 7 / 8 inch 
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Q7:  Task Lighting would be best controlled with:   

(A) occupancy sensors 
(B) manual user controls 
(C) auto-timers 
(D) A and B 
 
Q8:  Safety lighting allows people to enter a space, occupy it, and move through or exit it without 
endangering their physical well-being.  Safety lighting is also referred to as: 

(A) pass through lighting 
(B) emergency lighting 
(C) emergency illumination 
(D) emergency signage 
 

Q9:  When designing HVAC zones, good design practices include:     

(A) Separate systems serving office areas from process areas 
(B) Separate areas with relatively constant and weather-independent loads from perimeter spaces 
(C)  Separate areas with special temperature or humidity requirements from those areas that require comfort 
heating and cooling 
(D) All of the Above 
 

Q10: HVAC system selection can included a VAV system.  VAV is an acronym for:     

(A) variable access ventilation 
(B) variable air ventilation 
(C) variable air volume 
(D) ventilating air volume  
 
Q11: Installation of an Air-to-air heat exchanger as part of an Energy Recovery System has WHAT 
impact on the fan performance:   

(A) fan power increases 
(B) fan power decreases 
(C) fan power stays the same 
(D) Fan power could increase or decrease dependent on system design 
 

Q12: Use of ammonia as the refrigerant in a Chiller has what ozone-depleting potential:     
(A) zero 
(B) 0.16 
(C) 0.016 
(D) 0.05 
 

Q13:  Combined heat and power systems generate both electricity and heat. Consider using CHP 
systems when:       

(A)  heat can be used for space heating  
(B)  heat can be used for powering an absorption cooling system 
(C)  providing heat for a particular process  
(D)  All of the above 
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Q14: At LANL facilities, like other buildings, what is the biggest consumer of water:       

(A)  cooling tower 
(B)  domestic water use 
(C)  landscaping 
(D)  construction uses 
 

Q15:  Rainwater harvesting systems collect rainwater runoff from a building roof and store the 
water where:      

(A)  septic tank 
(B)  cistern 
(C)  condensate tank 
(D)  NA – rainwater is not stored 
 

Q16: A Building energy management control system saves energy and money by:    

(A)  Optimizing the equipment start and stop times 
(B)  Operating the equipment at the minimum capacity necessary  
(C)  Limiting peak electric demand  
(D)  All of the Above 
 

Q17: Monitoring the actual performance of buildings through metering can be useful to develop 
the building specific Electrical demand.  Electrical demand is the time average value over a sliding 
period of:         

(A)  5 minutes 
(B)  15 minutes 
(C)  30 minutes 
(D)  60 minutes 
 

Q18: Selecting environmentally attractive materials with reduced environmental impacts is 
primarily achieved through:        
 

(A)  the practice of resource conservation 
(B)  selection of non-toxic materials 
(C)  selection on renewable materials 
(D)  A and B 
 

Q19: The Affirmative Procurement (AP) Program to promote procurement of products with 
recycled content was established by the EPA under: 

(A)  RCRA  
(B)  RCRB 
(C)  RCCR 
(D)  RRCA 
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Q20: Common types of resilient flooring materials include all of the following EXCEPT: 

(A)  vinyl composition tile 
(B)  PVC tile and sheet 
(C)  carpet 
(D)  cork tile  
 

Q21: What insulation thickness is typically used on Walls: 

(A)  R-13 
(B)  R-19 
(C)  R-24 
(D)  R-30 
 

Q22: What type of roofing surfaces create heat island effects by absorbing energy from the sun 
and radiating it as heat:  

(A)  Dark, non-reflective 
(B)  Dark, reflective 
(C)  light, non-reflective 
(D)  light, reflective 
 

Q23: What type of foam plastic is preferred for use as an insulating core on exterior doors:  
(A)  extruded polystyrene 
(B)  polyurethane 
(C)  expanded polystyrene 
(D)  fiberglass 
 

Q24:  Which statement is TRUE, Porous concrete:      

(A)  includes additives for strength 
(B)  includes fine aggregate 
(C)  lacks fine aggregate 
(D)  A and C 
 
 
 
 

END OF TEST QUESTIONS 
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Chapter 1 

Sustainable Development 
– What and Why?

“It is not what we have that 

Los Alamos National Laboratory Sustainable Design Guide 1 

will make us a great nation; it is 

the way in which we use it.” 

– Theodore Roosevelt 
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Mission Impact 

As the nation increases its emphasis on security, the Los 
Alamos National Laboratory (LANL) stands as a center of 
excellence, bringing forth unique facilities and capabili
ties on issues of national significance. LANL’s infrastruc
ture and most facilities were constructed during a period 
that extended from 1943 to the early 1960s. These facili
ties are now being targeted for replacement. In addition, 
new mission assignments are demanding state-of-the-
art facilities to extend capabilities for the next 50 years. 
LANL’s population is also aging, creating the need for 
significant recruitment in response to increasing retire
ments. Such factors present LANL with a unique 
opportunity to form and foster an exceptional work 

environment that supports its mission and attracts and 
retains the people most qualified to fulfill that mission. 

What is an “exceptional work environment?” This work 
environment includes and must consider the: 

Individual laboratory and/or office space. 

Tools and equipment used by an individual and the 
ease of the human/machine interface. 

Surrounding structure or building and its created 
climate. 

Q1
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Sustainable development is 

“…developing the built environment 

while considering environmental 

Interstitial or common space that facilitates popula
tion massing and encourages cross communication. 

Transportation (pedestrian and vehicular) options 
that provide ease of access. 

Natural environment in which the work environment 
is established. 

An exceptional work environment supports and encour
ages interconnectedness among these elements con
tributing to efficiencies and productivity. The process of 
Sustainable Development will be a key element to 
establishing LANL’s exceptional work environment. 

The sustainable development concept encompasses the 
materials to build and maintain a building, the energy 
and water needed to operate the building, and the 
ability to provide a healthy and productive environment 
for occupants of the building. Often, sustainable devel
opment has been referred to as climate-sensitive 
design, whole-building design, or high-performance 
buildings. Much of the original work in this field was 
done under the auspices of passive solar design – for 
which LANL was a national and international leader. 

Los Alamos National Laboratory Sustainable Design Guide2 

responsiveness, resource efficiency, 

and community sensitivity.” 

– Sustainable Design Report for the Los Alamos 
National Laboratory Strategic Computing Complex, 
LANL document LA-UR-01-5547. 
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Vision for Sustainable Development 

LANL vision for sustainable design 
In furthering its commitment to a safe and comfortable 
working environment that meets its program require
ments and is responsive to environmental issues, LANL 
has established a vision for sustainable development. 

Sustainable design of LANL facilities is one of the most 
cost-effective strategies available for ensuring the high 
level of research output from the Laboratory upon 
which our nation depends. Buildings in the United 
States consume 37 percent of the nation’s primary 

energy. With advanced design strategies, a 50 percent 
reduction in energy consumption can become the stan
dard practice for a new generation of buildings. 

Leading-edge federal buildings demonstrate that far 
greater reductions in energy consumption – 50 percent 
or more – are both possible and cost-effective. Build
ings that consume fewer resources to construct and 
operate will have lower environmental impact than 
today's conventional buildings. This lower impact leads 
to less air and water pollution, reduced water consump
tion, improved human comfort, and higher creativity, 
productivity, and job satisfaction for employees. 

As a leader in sustainable development, 

Los Alamos National Laboratory commits to

employing design and construction approaches

that maximize productivity within the built

environment, minimize impact to the natural

environment, and assure good stewardship of

public funds and resources.


Los Alamos National Laboratory Sustainable Design Guide 3 

“The vision for the physical develop

ment of the Laboratory is to create an 

exceptional work environment that 

supports the mission, and attracts and 
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– Site and Architectural Design Principles 

retains the quality personnel needed 

to meet the mission.” 
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Los Alamos National Laboratory Sustainable Design Guide4 

Project Details: 

■ Project funding: GPP

■ Project description: Research and Office
Building

■ Size: One story with high-ceiling bays,
10,000 square feet

■ Location: Golden, Colorado

■ Heating degree-days: 6020

■ Cooling-degree days: 679

■ Construction cost: $1,127,000

■ Date completed: June 1996

■ Energy cost savings: $3,475 per year

■ Energy cost savings: 63% over base-case
building

The National Renewable Energy Laboratory’s 
Thermal Test Facility (TTF) is an open-plan labora
tory/office building designed using a high-perfor
mance, whole-building approach. The building is 
a showcase for integrated 
energy-efficiency features 
that significantly reduce 
energy costs, and it is a 
good example of how it 
pays to incorporate sustain-
able design features. 
Additional costs for the sus
tainability design features 
increased construction costs 
by only 4%. The energy 
costs for the TTF are 63% 
less than a building built to 
the Federal Energy Code 

(10CFR435). The energy cost saving includes a 
50% reduction in energy consumption and a 
30% peak power reduction. Approximately 75% 
of the lighting needs are met by daylighting. The 
main design features that made the TTF such an 
efficient building are: 

Energy-Efficient Features: 

■ Building orientation

■ Energy-efficient lighting (T-8 fluorescent) with
daylighting controls

■ Energy management system

■ Daylighting

■ Overhangs and side fins to block summer sun

■ Direct/indirect evaporative cooling (two-stage
evaporative cooling)

■ Low-e window glazings

■ Separate fresh air system with air-to-air
heat recovery

Case Study Thermal Test Facility 

“Sustainability is basically a concept 

about the interconnectedness of the 

environment, the economy, and 

social equity. It is a journey – a path 

forward – through which we 

demonstrate responsibility for our 

future legacy. It is a vision – an 

aspiration – for a better life for our 

children and our children’s children.” 

– Statement of Unity, Federal Network for 
Sustainability, a project of the Federal Energy 
Management Program, Earth Day April 22, 2002 
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Sustainable Development at LANL 

This document provides insight and guidance for 
making LANL's sustainable principles and goals a reality. 
LANL embraces the following principles and goals to 
achieve its vision for sustainable development. 

Principles – 

Maximize use of natural resources in the 
created building environment. 

Minimize energy and water use and the environ
mental effect of buildings. 

Ensure processes to validate building system func
tions and capabilities for proper maintenance and 
operations. 

Goals – 

Integrate Sustainable Design into project develop
ment and execution processes. 

Construct sustainable high-performance buildings 
that are productive, inexpensive to operate, easy 
to reconfigure, sparing on their use of natural 
resources, and inherently protective of the natural 
environment. 

Provide LANL with sustainable buildings that offer 
a safe and secure work environment. 

Provide LANL with sustainable buildings that link 
together to form a sustainable campus. 

The LANL Sustainable Design Guide describes the 
process of developing leading-edge energy and environ
mentally sensitive buildings. Prepared by the National 
Renewable Energy Laboratory (NREL) in conjunction 
with LANL, the LANL Sustainable Design Guide demon
strates how to design and construct new-generation 
buildings. The goals of the earlier LANL Site and 
Architectural Design Principles are a springboard for 
specific guidance for sustainable building design. 

Sustainable design can minimize the environmental 
impact of new buildings and other facilities on the 
LANL campus and help retain the Laboratory’s most 
important asset: the LANL staff. Sustainable buildings 
can improve the overall health, comfort, and productiv
ity of building occupants. Improving human comfort in 
staff workspaces allows LANL to attract and retain the 
best and brightest workforce required to meet the 
Laboratory’s core missions. 

■ Lower cost to maintain

■ Reduced energy to operate

■ Lower air pollution release

■ Healthier and more productive occupants

■ Greater stability of national energy supplies

■ Less material usage

■ Longer building life

Why build sustainable buildings? 
High-performance buildings are designed and 
built to minimize resource consumption, to 
reduce life cycle costs, and to maximize health 
and environmental performance across a 
wide range of measures – from indoor air 
quality to habitat protection. For example, 
high-performance buildings can: 

■ Achieve energy savings in excess of 50%
compared with conventional buildings

■ Achieve higher employee productivity and
longer job retention

■ Reduce water consumption, maintenance
and repair costs, capital costs in many cases,
and overall environmental impacts.

What are high-performance buildings? Ro
bb
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Purpose of the LANL Sustainable Design Guide Organization of the 
LANL Sustainable Design Guide 

The LANL Sustainable Design Guide parallels the 
LANL design process. It provides guidance for inte
grating sustainability at all levels of the current LANL 
building design and construction process, beginning 
with the planning phases and continuing through the 
operations phase. 

The purpose of the LANL Sustainable Design Guide is to: 

Set forth a specific planning and design process for 
creating and meeting LANL sustainability goals, 
including energy reduction, indoor environmental 
quality, water quality, and site preservation. 

Guide the planners, designers, contractors, and 

The LANL Sustainable Design Guide is one of a series 
of planning documents that guide project development 
and site improvements at the Laboratory. It is a com
panion document to the Site and Architectural Design 
Principles. (As shorthand, the LANL Sustainable Design 
Guide refers to the Site and Architectural Design Princi
ples as the Design Principles.) The Design Principles 

Los Alamos National Laboratory Sustainable Design Guide6 

groups responsible for the physical development of 
the Laboratory. 

Provide a tangible process for evaluating progress 
toward sustainability in the long-range physical 
development of the Laboratory. 

Provide leadership to the DOE laboratory system, as 
well as to the nation, for maintaining energy secu
rity and economic growth through sustainable 
design principles and practices. 

The scope of the LANL Sustainable Design Guide 
includes the building envelope, interior functions, and 
building design. For example, site or material selection 
can affect the building's overall environmental impact 
and should be considered in a broader sense. (The 
guidance provided in this document covers the entire 
design and construction processes, from the early plan
ning phases to the operation and maintenance phase.) 

establish broad planning principles and guidelines for 
site and architectural development at the project scale. 

The LANL Sustainable Design Guide provides specific 
guidance regarding the “how-to” in implementing 
building sustainability goals defined in the Design 
Principles. The LANL Sustainable Design Guide provides 
detailed information required to design, construct, 
commission, and operate buildings and it charts the 
course for meeting most of the “architectural charac
ter” principles outlined in the Design Principles. 

The primary audience for this document is the archi
tectural and engineering design teams who are 
contracted to design and construct new LANL build
ings. The LANL Sustainable Design Guide is also a 
valuable reference for members of the LANL Project 
Management Division and the building owners, opera-
tors, managers, and tenants. 

Buildings consume more than two-thirds of the 
total electricity consumed annually in the U.S. 

No matter what the source, using energy 
carries a burden. This burden can be from min
ing and extraction of fossil fuels, air pollutants 
released in the burning of these fuels, or the 
production and disposal of nuclear materials. 
Saving energy minimizes a wide range of envi
ronmental impacts and potential health risks. 
Sometimes the price is political. Our need for 
energy resources has caused political turmoil 
in the past, and ensuring continued access to 
these resources will long continue to carry 
strong economic consequences. 

Sustainable buildings have benefits far beyond 
reducing our national dependence on fossil 
fuels. Occupants of sustainable buildings are 
more productive, more creative, and in general, 
healthier. These benefits contribute to LANL’s 
ability to attract and retain the caliber of 
employees required to better meet its mission. 

Why is sustainable design important? 
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Spencer Abraham, 

Secretary of Energy 

Chapter 1 | Sustainable Development – What and Why? 

“With respect to the pursuit of 

efficiency and the use of renewable 

resources, we have a responsibility 

to lead by example... We as a nation 

have to keep in mind how essential 

conservation and energy efficiency are 

to meeting what is projected to be a 

huge increase in energy demand over 

the next two decades.” 

– Secretary of Energy Spencer Abraham 
13th Annual Energy Efficiency Forum, National 
Press Club, Washington, DC, June 12, 2002 

Chapter 1: Sustainable Devel- Why is sustainable building design important to LANL? 
opment – What and Why? 

Chapter 2: The Whole- How does sustainability fit into the LANL building design, construction, and 
Building Design Process operation processes and what are the first steps the architectural and engi

neering design team take in a sustainable design process for LANL buildings? 

Chapter 3: Building Siting What siting issues relate to LANL building design? 

Chapter 4: Building What are the architectural guidelines for sustainable buildings at LANL? 
Architectural Design 

Chapter 5: Lighting, HVAC, What are the engineering guidelines for sustainable buildings at LANL? 
and Plumbing Systems Design 

Chapter 6: Materials What material issues should designers consider for sustainable buildings 
at LANL? 

Chapter 7: Exterior Landscape How can LANL building sites be more responsibly landscaped and managed? 
Design and Management 

Chapter 8: Constructing What can LANL do to ensure that sustainability objectives are followed 
the Building during construction? 

Chapter 9: Commissioning Why and how should LANL buildings be commissioned to ensure optimal 
the Building performance? 

Chapter 10: Education, Why and how should the users and operators be educated about LANL 
Training, and Operation sustainable buildings? 

Summary of Topics Presented in the LANL Sustainable Design Guide 
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Los Alamos National Laboratory Sustainable Design Guide8 

Why don’t more architectural teams design specifi
cally to increase the productivity of building occu
pants? There are two reasons. One is that they are 
rightly concerned about keeping initial costs down. 
Design methods to increase occupant health, com
fort, and productivity – such as increasing natural 
lighting and indoor air quality – do indeed often add 
initial costs to the design. Second, even if a design 
team is aware that productivity increases – and other 
benefits such as energy savings from better lighting – 
can offset these initial costs, human productivity 
can be a hard thing to measure. Employees who 
work in buildings with abundant daylight may say 
they have a better attitude at work, but how does 
that really affect the bottom line? Meaningful pro
ductivity increases can be measured in increases in 
output, lower absenteeism, fewer errors, and fewer 
workers compensation claims. Increasingly, compa
nies interested in capturing savings and increases in 
profitability have begun to make the connection 
between increased employee productivity and high-
performance building design. 

Here are a few examples of private companies who 
feel their bottom line benefited from incorporating 
more expensive building designs that aimed to 
increase the health and comfort of the building occu
pants. These examples are provided by the non-profit 
Center for Energy and Climate. For more detailed 
information and examples of correlations between 
productivity and design, see the book Cool Compa
nies by California Energy Commission analyst, Joseph 
Romm (Island Press, 1999). A recent study funded by 
Pacific Gas & Electric and carried out by the Heschong 
Mahone Group correlating daylighting with higher 
test scores in middle school students is available for 
downloading at www.h-m-g.com/. 

■ Mail sorters at the main U.S. Post Office in Reno,
Nevada became the most productive and error-
free in the western half of the U.S. after a major

energy and lighting 
upgrade in their build
ing. A main feature of 
the overhaul was a 
new ceiling and lighting 
system. Before com
pleting the $300,000 
renovation, managers 
installed the new system 
above one of their two 
sorting machines. In 
five months, productiv
ity on that machine 
rose almost 10 percent, 
while the other showed 
no change. A year later 
the increase stabilized 
at about six percent. 
Working in a quieter 
and better lit area, 
employees did their jobs 
better and faster. The 
error rate by machine 
operators in the renovated area dropped to only 
one mistake per thousand letters. Energy savings 
projected for the whole building come to about 
$22,400 a year. The new ceiling also saved $30,000 
a year in maintenance costs. Combined energy and 
maintenance savings came to $50,000 a year, a six-
year payback. But the productivity gains were 
worth $400,000 to $500,000 annually, paying for 
the renovation in less than 12 months. 

■ Hyde Tools is a Southbridge, Massachusetts, manu
facturer of industrial cutting blades. Recently, the
company did a $98,000 lighting upgrade from old
fluorescents to new high-pressure sodium-vapor
and metal-halide lighting fixtures (with $48,000
paid for by the local utility). Estimated annual
energy savings are $48,000, for a payback of one

year. But with the new lighting, workers were able 
to see small particles that were causing defects in 
their high-precision blades. Hyde Tools estimates 
the improved product quality is worth another 
$25,000 a year. Hyde says every dollar saved on the 
shop floor is worth $10 in direct sales, meaning the 
quality improvements were worth the equivalent 
of $250,000 in added sales. 

■ VeriFone, a subsidiary of Hewlett-Packard in Costa
Mesa, California, renovated a building housing
offices, a warehouse, and light manufacturing. The
renovation beat California’s strict Title 24 building
code by 60% with a 7.5-year payback. Verifone
experienced a 45% drop in absenteeism
following the renovation.

A daylit classroom at Oberlin College’s Adam Joseph Lewis Center for Environmental 

Studies in Oberlin, Ohio. 

Designing for Productivity 
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The Los Alamos Canyon Bridge opened the way for LANL growth onto the South Mesa. 
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Chapter 5 High-Performance Engineering Design 

Lighting, HVAC, 
and Plumbing 

By now, the building envelope serves multiple roles. 

It protects the occupants from changing weather condi

tions and it plays a key part in meeting the occupants’

comfort needs. The heating, ventilating, air-conditioning,

and lighting (HVAC&L) systems complement the archi

tectural design, govern the building’s operation and

maintenance costs, and shape the building’s long-term

environmental impact. 


The architectural design maximizes the potential 
for a high-performance building, but it is the 
engineering design that actually makes the 
building a high-performance building. 

Designers of high-performance buildings depend on 
building energy simulation tools to understand the 
complicated interactions between the HVAC&L systems 
and the building envelope (see Appendix F). These 
tools also prove invaluable to the designer when com
paring HVAC&L strategies and selecting the best 
systems to meet the building’s lighting and space con
ditioning requirements. High-performance buildings 
cannot be designed using only rules of thumb or 
conventional wisdom. 
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The LANL Ion Beam Facility mechanical room. 
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Lighting System Design 

The single largest operating cost of commercial build
ings in the U.S. is lighting. Lighting systems represent 
one-third or more of the total electrical energy costs of 
a commercial building. They also introduce heat into 
the space and increase building cooling loads. Because 
lighting systems significantly impact a building’s operat
ing cost and energy performance, evaluate options for 
the lighting systems before considering strategies for a 
low-energy HVAC system. Also, take advantage of day-
lighting opportunities whenever possible. 

HVAC System Design 

Space conditioning loads are a close second to lighting 
systems in terms of the most costly components to 
operate in commercial buildings in the U.S. Through 
good architectural design resulting from the engineer 
participating in the architectural design process, the 
building will have daylighting, solar gain avoidance, 
and other energy-efficient architectural strategies. In 
other words, the envelope will minimize heating, cool
ing, and lighting energy loads. It is the engineer’s 
responsibility to design the HVAC systems to comple
ment the architectural design. 

Lighting systems constitute 30% to 50% of 
the total annual electrical energy consumption 
in U.S. office buildings. In the Federal sector, 
lighting accounts for 25% of the total electricity 
consumed annually. 

A building designed to take advantage of daylighting 
will have electric lighting system controls that turn the 
electric lights off or dim them when sufficient daylight
ing is available. The electric lights operate only to main
tain set lighting conditions that the daylighting cannot 
meet. Less waste heat from the electric lighting system 
is then introduced to the space, which in turn reduces 
the building’s cooling loads. 

Building Heat Gains 
from Different Sources of Light 

(Watts per 1000 lumens) 
Remember to account for the benefits of good 
lighting design – primarily reduced cooling 
loads – when sizing the HVAC system.Spectrally selective 

tinted low-e glass 

Clear glass 

T-8 fluorescent w/ 
electronic ballast 

Incandescent 

4.6 

7.4 

11.7 

57 

well-engineered lighting design 
Characteristics of a 

Consider advanced engineering design strategies early 
in the design process to allow time for making modifi
cations to the architectural design to accommodate 
these strategies. Use computer simulation tools to eval
uate the effect of the advanced architectural strategies 
when calculating HVAC system loads (see Appendix F). 
Also, be familiar with the intended building activities 

The solar heat gains from a good daylighting system and the resulting impact on internal loads. 

■	 Saves energy costs and decreases polluting
power plant effluents.

■	 Responds to the varying daylight levels
throughout the day.

■	 Improves indoor environmental quality
making occupants more comfortable and
productive.

0 10 20 30 40 50 60 

can be less than half of the heat gains from the most 

■ Tailors to individual’s lighting needs through-
out the building.

■ Decreases building cooling loads resulting
in smaller, less expensive space cooling
equipment.
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efficient current electric lighting system technologies, 

to achieve equal lighting levels in a space. 

The LANL Ion Beam Facility mechanical room. 
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Lighting System Design 

Just a reminder… 

A well-thought-out building envelope design 
for the Los Alamos climate will reduce the 
building’s primary lighting, heating, and cool
ing loads. The engineered systems within the 
building envelope will meet those additional 
lighting, heating, and cooling loads that the 
envelope cannot offset. Designing the enve
lope to be compatible with the climate and 
designing the engineered systems to truly work 
with the envelope is a non-traditional method 
of building design. This method offers consid
erable potential for achieving high-perfor
mance buildings in the uniquely suitable 
Los Alamos climate. 

Plug and process loads impact the HVAC system design, 
especially in buildings housing energy-intensive labora
tory and research activities. Recommend energy-saving 

The architectural design of a high-performance building 
maximizes the use of daylighting in the building. The 
engineering design integrates the electric lighting sys
tem design with the architectural design to supplement 
the changing daylighting levels and maintain constant 
prescribed lighting levels in the space, using the most 
efficient lighting technologies and control strategies 
available. 

Always design the lighting system before 
designing the HVAC system. 

The first step in lighting design is to determine the visual 
needs of the space and identify what type of lighting to 
use. Lighting types are divided into four categories: 

1.	 Ambient lighting – typically used for circulation
and general lighting to give a “sense of space.”

Design ambient lighting systems before designing 
systems to accommodate the other lighting types. 

2.	 Task lighting – used where clearly defined light
ing levels are required to complete detailed work,
such as paperwork, reading, or bench-top experi
ments.

3.	 Accent lighting – used for architectural purposes
to add emphasis or focus to a space or to highlight
a display.

4.	 Emergency or egress lighting – used to provide
a pathway for exiting a building if an emergency
arises.
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equipment options for minimizing these loads. Reducing 
plug and process loads will decrease internal heat gains 
from this equipment, reduce building cooling loads, and 
decrease production of effluents from burning fossil 
fuels to produce electricity to operate this equipment. 

Finally, develop a controls strategy that will operate the 
HVAC&L systems with the maximum comfort to the 
occupants at the minimum cost. Metering and evalua
tion is also important for providing continuous feed-
back for improvement. 

Fluorescent lighting is the best type of lighting 
for most applications at LANL (usually linear fluo
rescent lamps). It can be easily controlled and 
integrated with the daylighting design. 

Linear fluorescent lamps are classified by tube 
diameter, wattage, color rendering index (CRI), 
and color temperature, where: 

■ Tube diameter is measured in 1/8" increments
(e.g., the diameter of T-8 lamps is 1" and the
diameter of T-5 lamps is 5/8").

■ Wattage is the power required to operate the
lamp. The wattage is usually stamped on the
lamp itself or on the package in which the lamp

is shipped. Note that the lamp wattage is dif
ferent from the system wattage, which includes 
auxiliary equipment such as the ballasts. 

■ CRI is the ratio of the light source to a stan
dard reference source. A CRI of over 80 for a
fluorescent lamp is considered very good color
rendering, while some high-pressure sodium
(HPS) lamps have CRIs in the 20s.

■ Color temperature gives a general idea of the
visual color of the lamp (warm – more red –
2000 to 3000 K, or cool – more blue – 4000 K
and above), while color rendering is how accu
rately a lamp renders colors in the environment.

Fluorescent Lighting 
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Ambient Lighting 

Ambient lighting systems can be easily integrated with 
the available daylighting. In a well-designed building, 
daylighting can offset most or all of the daytime ambi
ent lighting loads. Use the following four steps to 
design ambient lighting systems. 

1.	 Define the daylighting zones. Evaluate the loca
tion of the windows. Align the daylighting zones par
allel to the windows with breaks at 5 feet, 10 feet,
and 20 feet away from the windows. Place zone
separations at corners where windows change ori
entation. Also, carefully evaluate the daylighting
penetration into private offices or other small,
enclosed rooms. Light levels measured in daylighting
zones will determine how much electric lighting is
needed to supplement the daylighting.
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Daylighting is the primary source of ambient light within the Harmony Library in 

Fort Collins, Colorado. 

The key is light, and light 

illuminates shapes, and shapes 
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– Le Corbusier 

have an emotional power. 

2.	 Define the occupancy zones. The occupancy
zones do not necessarily have to match the daylight
ing zones. The occupancy zone is typically a room,
such as a private office or a group of open offices.
The sensors located in the occupancy zones turn the
electric lights on when the daylighting is not suffi
cient to meet the prescribed luminance level if there
are people in the zone.

Caution 

A common lighting design error is to supply 
too much electric light to an area. Proper light
ing levels lead to less energy-intensive electric 
lighting systems and introduce less waste heat 
into the space, which in turn decreases the 
space cooling loads. 

3.	 Determine the minimum ambient lighting
levels. Design a lighting system to complement the
available daylighting in each occupancy zone. The
space use will determine how much ambient light is
needed (refer to the Illuminating Engineering Society
of North America (IESNA) guidelines for detailed
lighting level recommendations). The ambient light
ing level in good daylighting designs may be less,
but provides an equivalent feeling of brightness,
than the level conventionally specified for a non
daylit space. Strive to design for less than 0.7 W/ft2 

for ambient lighting system power densities. Guide-
lines for determining ambient lighting levels are:

■	 Provide lower ambient lighting levels in private
offices and other areas where the occupants rely on
task lighting to complete most of their work.
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■	 Provide higher ambient lighting levels in densely
occupied work areas. Distribute the ambient light
uniformly in these spaces from directions that
will minimize glare and reflections on the work
surface. For example, position workstations between
the rows of ceiling-mounted luminaires. Light com
ing from the sides of rather than directly in line
with the viewing direction will reduce veiling reflec
tion potential.

■	 Plan for fluctuating lighting levels in daylit circula
tion spaces, as long as the minimum lighting levels
allow for safe movement when there are people in
the space. All circulation spaces can have sensors to
turn the electric lights off when daylight is available
or when the space is not occupied.

4.	 Select lighting fixtures. Fixture designs can pro-
vide high lighting efficiency while also meeting the

other lighting objectives of the installation. Use effi
cient fixtures with appropriate distribution, glare 
control, and visual characteristics for the lowest 
possible power input. Work with the architectural 
designers to select fixtures that achieve the desired 
ambient quality while minimizing lighting energy 
requirements. Also, select fixtures that are capable 
of dimming the light output so they only supply the 
light needed to supplement available daylight. 

■	 Direct, ceiling-recessed fixtures are commonly used
in office and laboratory spaces; however, their use is
discouraged because of poor lighting quality. If
these fixtures must be used with a ceiling plenum-
type return air stream, select fixtures with heat
removal capabilities. The light output of fluorescent
lamps decreases when operating at temperatures

higher than room temperature. Ventilated fixtures 
help keep the lamps at a lower temperature, 
thereby allowing the lighting equipment to operate 
more efficiently by directing some of the heat 
from the lamps into the return air stream instead 
of into the space. 

■	 Indirect lighting fixtures provide very uniform light
levels, eliminate excessive reflections on the task,
and minimize shadows (especially from the head
and hands). They provide good flexibility for future
space rearrangements because of the uniform light
level. Indirect lighting fixtures use about 15 percent
more energy than direct fixtures to achieve a given
lighting level because the light must bounce off the
ceiling. However, indirect lighting fixtures provide a
better quality of light, so the lighting levels and
power densities can be reduced.
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Direct/indirect lighting fixtures, recommended for ambient lighting systems, require the fixture to be mounted 

about 18 inches below the ceiling to provide uniform luminance. Increased ceiling height may be needed. 

Direct Indirect Direct/Indirect 

Best Practice 

Indirect lighting fixtures with T-5 lamps in the LANL 

PM Division offices reduces glare and provides more 

uniform ambient light. 
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■	 The recommended lighting fixture for most LANL
applications combines the direct and indirect
approaches. These fixtures provide both upward and
downward light. Their efficiency is about equal to a

Standard HID lamps do not work well with 
daylight or occupancy controls because of the 
long starting and restrike times. Consider HID 
lighting in high bay areas with no daylight that 
need to be continuously illuminated, and for 
exterior applications. 

Task Lighting 

good direct lighting fixture with the uniformity and Task lighting provides additional illumination to 

glare control of indirect lighting. The direct portion areas where individuals perform difficult visual tasks,

can provide some brightness and adequate shielding such as working at a desk or completing detailed 

to provide good visual comfort and avoid glare. laboratory activities. Steps to designing good task 

Ideally, the indirect portion does not create hot spots lighting systems are:

or excessive luminance on the ceiling. Typically, the 

1. Determine where task lighting is needed. To

best direct portion is 20 percent to 50 percent of 

achieve the most energy savings, use separate light-

the light, while the remainder is indirect. 

ing fixtures to provide additional task lighting only

Select direct/indirect fixtures that allow airflow where the building occupants need it instead of

through the fixture past the bulbs to minimize dirt

accumulation. Note that not all direct/indirect fix

tures are designed to resist dirt accumulation.
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Direct/indirect lighting fixtures supplement daylighting to maintain constant luminance levels in this classroom 

within the Lewis Center for Environmental Studies at Oberlin College in Oberlin, Ohio. 
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Accent Lighting 

depending on the ambient lighting system to pro- Accent lighting highlights aesthetic features in the 3. Select low-energy fixtures. Select the lowest-
vide enough light to complete detailed tasks. space or give the space a certain desired “feel.” Accent wattage fixtures possible to achieve the desired

2. Balance task and ambient lighting levels. To 
lighting system design guidelines are: effect for all accent lighting.

help maintain visual comfort, the task illumination 1. Limit the amount of accent lighting. For the 4. Balance accent and ambient lighting levels.
must not be more than three times that of the amount of useful light it provides, accent lighting Reduce the ambient lighting levels near accent light-
ambient illumination. often consumes more power than ambient or task ing to improve contrast.

3. Provide automatic and manual controls. Task
lighting systems.

lighting is best controlled with occupancy sensors 2. Use occupancy sensors to control accent
and manual user controls. lighting. Ensure that the accent lighting is on only

when there are people in the space.
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Carefully select accent lighting fixtures and controls so that the lighting provides the 

desired aesthetic value and energy efficiency. 

Control task lighting with occupancy sensors so that the lighting is on only when 

additional light is needed to complete detailed work. 
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Safety Lighting 

Safety lighting (sometimes called “emergency lighting”) 
allows people to enter a space, occupy it, and move 
through or exit it without endangering their physical well-
being. Building codes require that potential hazards, cir
culation areas, entrances, and exits must be illuminated. 
Guidelines for designing safety lighting systems are: 

1.	 Select low-energy safety lighting fixtures. Use
high-efficacy lamps in efficient fixtures and provide
safety lighting only to the required lighting level.

2.	 Operate safety lighting only when needed.
Use occupancy sensors and photo sensors to control
safety lighting.

3.	 Place all safety lighting on separate lighting
circuits. Separating circuits leads to the ability to
turn off the safety lighting when it is not needed.

The Thermal Test Facility at the National 
Renewable Energy Laboratory has no 24-hour 
safety lighting. Instead, the interior lights turn 
on when the occupancy sensors detect motion 
within the building; otherwise the building is 
totally dark. Approximately 2,630 kWh/year are 
saved by not operating 10% of the electric 
lighting 24 hours per day, the typical percent-
age of lighting dedicated to security lighting in 
commercial buildings. The security lighting 
controls also save the security personnel time 
when patrolling the site after dark. The security 
personnel do not need to enter the building 
during routine patrols unless the lights are on, 
indicating to them that someone has entered 
the building. 

Lighting Controls 
Lighting controls match the light output to the occu
pancy schedule and illumination requirements. The con
trols minimize the actual energy consumption without 
compromising the quality of lighting in the space. 
There are two types of controls: 

Manual controls are appropriate for spaces that 
have lamps with long starting and restrike times, 
such as high-intensity discharge (HID) lamps. They 
may also be appropriate for spaces that require 
occupant light control, such as equipment rooms 
and laser laboratories; however, manual controls are 
usually not recommended. 

Automatic controls are more appropriate for 
spaces where daylighting is the primary lighting 
source and spaces having differing occupancy sched
ules, such as offices, break rooms, and restrooms. 
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On-off or step-function lighting controls are best suited 
for spaces where occupants are in the space for a short 
period or when sudden shifts in lighting levels will not 

Exit signs operate 24 hours per day every day of the year. 

Because buildings will have many exit signs, it is best if 

each sign consumes 2 watts or less. The LED exit sign 

shown here is an example of a 2-watt sign. 

On/off with daylighting control: Motion and daylight trigger the light

ing control. This type of control is ideal for common areas and hallways. 

Control 
Relay 

Power in 

To HVAC 
control 

Electronic 
Ballast 

Occupancy and 
daylighting sensor 

(on/off control) 

Lamps 
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Steps for Effective Lighting System Design 
disturb the occupants. Circulation areas, restrooms, inte

rior laboratories, and service rooms are good candidates 1. Review the F&OR document for the space use


for on-off or step-function lighting controls. These light- description.


ing control functions can be either manual or automatic. 2. Define the reason for the lighting.


Dimming function lighting controls are best suited for ■ Ambient- circulation and general lighting 


blending electrically generated light with daylight to ■ Task- areas where detailed work is done 


provide the designed illumination level. Conference ■ Accent- architectural use only (minimal)


rooms and interior private offices with no daylighting ■ Safety or emergency egress lighting


are examples of the few places where manual dimming 3. Design the ambient lighting system.

is appropriate. In these special cases, an occupancy ■ Define daylighting zones

sensor turns the electric lights on and off and the occu- ■ Define occupancy sensor zones

pants may have manual dimming controls to set the ■ Determine minimum ambient lighting levels 

lighting at the appropriate level. ■ Select lighting fixtures


The best dimming controls are automatic and continu- 4. Design the task lighting system.

ous. Continuous dimming avoids instantaneous jumps ■ Determine where task lighting is needed

in lighting levels that can be distracting to the occu- ■ Balance task and ambient lighting levels

pant. Ideally, the lighting control system is capable of ■ Provide automatic and manual controls

dimming the lights based on lighting level, and turning

off the lights if the space is unoccupied. 


5. Design the accent lighting system.

■ Limit the amount of accent lighting
■ Use occupancy sensors to control accent

lighting
■ Select low-energy fixtures
■ Reduce ambient light levels when there is

accent lighting

6. Design the safety lighting system.

■ Select low-energy safety lighting fixtures
■ Operate safety lighting only when needed
■ Place all safety lighting on separate lighting

circuits

7. Design the lighting control system, using auto
matic and dimmable controls.

8. Verify the design by evaluating lighting power
densities W/ft2.
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Dimming control: Lighting controls incorporating an occupancy sensor to turn lights on/off 

and a light-level sensor to dim the lights based on available daylight. 
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Mechanical System Design 

The HVAC systems maintain a comfortable and healthy 
indoor environment by responding to the loads 
imposed by the building’s envelope design, lighting 
system design, and occupant activities. Proper design 
of the control schemes for the systems that heat and 
cool the interior spaces, provide fresh air for the occu
pants, and remove contaminants from the building 
will ensure that the HVAC system operation comple
ments the architectural and lighting designs and mini
mizes building energy consumption. 

HVAC System Zones 

Determine the minimum conditions, such as tempera
ture and humidity requirements, for all spaces in the 
buildings. Group spaces having similar space condition
ing requirements into one zone, then separate the 
HVAC systems into zones based on these expected 
loads. When identifying HVAC system zones: 

Separate systems serving office areas from those 
serving laboratory or process areas. 

Separate areas with relatively constant and weather-
independent loads (e.g., interior offices or interior 
light laboratory spaces) from perimeter spaces. 

Separate areas with special temperature or humidity 
requirements (e.g., computer rooms) from those 
areas that require comfort heating and cooling. 

Identify the space loads to determine the capacity of 
the HVAC equipment for each zone. Typically, envelope 
loads dominate the heating and cooling loads of 
perimeter zones and equipment loads dominate the 
interior zone loads. 

Carefully calculate the HVAC system loads 
using computer simulation tools (see Appendix 
F). Especially in high-performance buildings, 
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Typical HVAC zone design for a building with perimeter offices. Perimeter zones can 

extend from the exterior wall to the first interior wall, or for open floor plans, up to 

15 feet from the exterior wall. 

Perimeter Zone 15 ft. 

Interior Zone 

North 

making engineering design decisions. 
use computer simulation tools to assist with 
foot of building floor area. It is important to 
so many tons of cooling are needed per square 

it is difficult to accurately estimate system 
loads using “rules of thumb,” such as sizing an 
air-conditioning unit’s capacity assuming that 
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Peak Load Analysis 

Evaluate the predicted peak loads when complet
ing the heating and cooling loads calculation – 
when and why they occur. A thorough analysis of 
the peak loads often leads to design solutions 
that further decrease building energy loads. The 
following points exemplify why peak load analy
sis is important. 

■	 When using daylighting to offset lighting
loads, the peak cooling month will often shift
from a summer month (such as for a conven
tional building) to October. This non-intuitive
peak loading occurs because the sun is low in
the sky during October so that overhangs no
longer shade the building, yet the daytime
outdoor temperatures are still high enough
that cooling will be needed. One solution to
this late-season cooling load is to use outside
air to cool the building, by means of an econo

solution is to downsize the heating system so 
that it is operating near full capacity during a 
typical heating day. Begin the morning warm-
up period earlier in the day to decrease the 
system peak load to that which the system can 
handle. The system then has a longer time to 
heat the building before the occupants arrive. 
Compare the lifetime operating costs of these 
and other scenarios before determining the 
best solution. 

■	 A peak load analysis may show the largest
cooling loads occurring late in the afternoon
because of solar gains through west-facing
windows. It may be that changing the specified
glass characteristics (to those that reduce the
amount of solar gains entering a space, see
Chapter 4) of these windows will help reduce
the cooling load. Another solution could be
to shade the windows

Perimeter Zones 
The wall, roof, and floor insulation and the heat trans
fer characteristics of the window glass will affect the 
perimeter zone heating and cooling loads. In a well-
designed building, the architectural features of the 
envelope will shade the building to minimize direct 
solar gains and reduce perimeter-zone cooling loads. 

It is likely that daylighting will be available in the 
perimeter zones. Interior zones may have daylighting if 
clerestories, roof monitors, light tubes, or other strate
gies are used to bring daylighting to the space (see 
Chapter 4). Remember to accurately evaluate how day-
lighting will affect the zone loads. A good daylighting 
design will decrease the internal heat gains from oper
ating electric lighting systems and introduce little or 
no adverse solar gains. Reducing the internal and solar 
heat gains decreases cooling loads and potentially 
increases heating loads. 
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mizer, natural ventilation, or precooling the
building by night flushing.

■ A winter morning peak load may occur during
the building warm-up period. One solution is
to design a heating system to accommodate
this peak load, but this system will then oper
ate at part load for most of the time. Another

from the outside
with an architectural
screen. Or, the solution
may be to reduce the
glazing area on the
west facade.

Placing the windows deep in the south-facing wall helps to shade the window to 

minimize direct solar gains and reduce perimeter cooling loads. 
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Interior Zones 
Internal loads from people occupying the space and 
waste heat from operating electric lighting systems and 
equipment in the space typically determine the interior-
zone heating and cooling loads. Reduce internal loads 
as much as possible by reducing the lighting loads. Use 
efficient lighting fixtures and control the lighting to 
operate only to provide the lighting level needed when 

Internal Loads and Supply Air Flow 

3.5 Supply air flow (cfm/ft2) 

the space is occupied. Also, select energy-efficient 
equipment (e.g., office or process equipment), or rec
ommend specific energy-efficient equipment for the 
user to purchase. 

Be sure to accurately calculate the magnitude 
of plug and process loads. Consider the average 
instead of the peak energy use for this equip
ment when determining the maximum internal 
gains, unless all the equipment will be simulta
neously operating at peak power draws. If the 

Plug loads are loads from the individual pieces of elec
trical equipment that can be removed from the building 
and powered through electrical wall outlets. Process 
loads are the loads produced by the process equipment 
in a space. When operating, both plug and process 
loads introduce heat to the space and increases load on 
the building’s cooling system. The first step to reducing 
plug and process loads is to ensure that the equipment 
is turned off or set to a “sleep” mode when not in use. 
For example, always enable the power saving features 
for computer equipment. In addition, it is best that all 
new equipment be ENERGY STAR® rated or of the highest 
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available efficiency. 

Quantity of 55°F supply air required to offset 

internal loads. 

15 200 
Internal load (W/ft2) 
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5 

equipment to be used in a new building is simi
lar to equipment in an existing building, base 
the estimated loads on the measured average 
energy use of that existing equipment. 

Flat screen computer monitors use a fraction of the 
energy of traditional monitors, which means they intro
duce less waste heat to the space. They also reduce the 
incidences of complaints about glare, making them the 
better option in spaces where occupant workstations 
may be rearranged without regard to the locations of 
entering daylight or electric lighting fixtures. 

Flat screen monitors save energy 
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Ventilation Systems for Zones 
Ventilation air requirements often vary between zones. 
Ventilation is the use of outdoor air for controlling 
containment concentration by dilution or sweeping the 
contaminants from their source. Ventilation should 
meet the recommended values of ANSI/ASHRAE Stan
dard 62-1999, 15 to 20 cubic feet per minute (cfm) per 
person, or the performance criteria described in the 
Standard using demand-control ventilation systems. 

Demand-controlled ventilation reduces outside air 
requirements to the minimum needed for the actual 
zone occupancy when the zone would not benefit from 
economizer operation. Demand-controlled ventilation 
can greatly reduce the heating and cooling required for 

treating outside air. Carbon dioxide sensors are a useful 
indicator of the concentration of human bioeffluents 
and work well for regulating ventilation air rates. Use 
multiple sensors to ensure proper ventilation in densely 
versus lightly occupied spaces. As a general rule, place 
one sensor for the return air stream of the air handling 
unit and one sensor for each densely occupied space to 
ensure proper ventilation per minimum requirements 
and provide opportunities for increased energy savings. 

Use higher levels of ventilation (e.g., economizers) as a 
substitute for mechanical cooling when ambient condi
tions allow for this “free” cooling. During the heating 
season, continue to use cool outdoor air to offset cool
ing loads that occur in interior zones. For the zones 
that require heating, reduce the ventilation air rates to 

the lowest volume possible and still maintain adequate 
indoor air quality to minimize the amount of cold air 
that must be heated before delivering it to the space. 

It is common for separate zones within a building to 
experience opposite loads during the same period. For 
example, an interior zone may call for cooling while a 
perimeter zone requires heating, or an office zone may 
require very different conditions than a laboratory zone. 
To satisfy the space conditioning requirements of all 
spaces using the least amount of energy, separate the 
HVAC systems to serve zones with dissimilar heating and 
cooling patterns. Also, keep control zones small, espe
cially when expecting a large difference in internal loads. 
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Energy use of a simulated LANL office/laboratory building with and without an 

economizer. The chart shows the results of three simulations: the building with internal 

loads set to 2.3 W/ft2 , 2, and 10 W/ft2. The annual energy savings from using 

an economizer for the building with internal loads set to 2.3 W/ft2 is 51.7 MBtu, which 

corresponds to a 20% energy savings. 

Energy Usage of Modeled LANL Building with 
and without an Economizer 
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According to ANSI/ASHRAE Standard 62-1999, 
“Where peak occupancy of less than three 
hours duration occurs, the outdoor air flow rate 
may be determined on the basis of average 
occupancy for buildings for the duration of 
operation of the system, provided the average 
occupancy used is not less than one-half the 
maximum.” Spaces having intermittent or vari
able occupancy may then have lower ventilation 
rates than would be required if the peak occu
pancy were used to determine the amount of 
ventilation (e.g., a conference room). It is better 
to use CO2 sensing to control the amount of 
ventilation air needed during any particular 
period versus supplying 15–20 cfm per person 
for the average expected occupancy. Changing 
the ventilation rates with the changing occu
pancy will result in lower energy consumption 
and improved occupant comfort. 4.3 W/ft
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HVAC System Selection 

Select the system type after completing a thorough 
analysis of the heating and cooling loads and the varying 
ventilation requirements of each zone. Evaluate several 
types of HVAC system options to identify the system that 
will satisfy the zone’s temperature and humidity require
ments using the least amount of energy. 

VAV Systems 
VAV systems moderate space conditions by varying the 
amount of air delivered to the space. For most LANL 
buildings, variable-air-volume (VAV) systems will best 
meet space conditioning requirements of each zone. 
This is true for both office spaces and laboratory 
spaces. For example, occupants of each office or group 
of offices may have varying temperature demands 
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Use variable air volume induction units to condition interior zones and fan-powered perimeter reheat VAV units 

to condition perimeter zones. 

Parallel flow fan-powered box 
for perimeter zones (typical) 

Cooling coil 

Evap cooling/
humidification 

Preheat coil 

Minimum 
outside air & 
economizer 

Relief air 

Reheat coil 
Return air fan 

To exterior 
zone 

VAV box for interior 
zones (typical) 

To interior 
zone 

Supply air fan 

Return air 
from zones 

– FEMP Low-Energy Building Design Guidelines 

the building is neither to save 

nor use energy

…the underlying purpose of

. Rather, the building 

is there to serve the occupants 

and their activities. 

compared to their neighbors. Also, one laboratory may 
call for high levels of exhaust air flow, while a neigh-
boring laboratory may be unoccupied and require very 
little exhaust airflow. 

Use induction VAV units for interior zones and fan-
powered VAV units with hot-water reheat coils for 
perimeter zones. Be sure to select a reheat coil rated 
for low-airside and low-waterside flow resistances. In 
addition, recommended perimeter zone VAV units are 
“parallel flow” fan-powered (the VAV box fan is only 
on during the heating mode and is off during the cool
ing mode). Control the perimeter heating system oper
ation so that it can maintain minimum space conditions 
during unoccupied hours without requiring the main 
air-handling unit (AHU) fan to also operate. 

Dedicated hot water heating systems are 
often used in perimeter zones of LANL build
ings to offset the heat losses through the 
building envelope. 

The diverse requirements for laboratory spaces also hold 
for internal loads. This is another important reason to 
use lab VAV systems. The VAV system can control the 
amount of “economizer” that is required to meet loads. 
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Air Distribution Systems 
The two types of air distribution systems that are likely 
to be considered for most LANL buildings are overhead 
and under-floor air distribution systems. 

Overhead air distribution systems deliver condi
tioned air through ducts above the ceiling and then 
to the space through overhead diffusers. These con
ventional distribution systems typically deliver 50°F 
to 55°F supply air. They rely on the properties of 
the diffuser to throw the conditioned air to mix with 
the room air and maintain comfort at the occupant’s 
level (e.g., at desk level in a typical office space). 

Fan energy increases with higher pressure drops through 

the air distribution system. Understand how fan prop

erties will affect system energy consumption before 

selecting fans. 

8 0 
Static pressure/inch water 

5 

Fan Energy (76% efficiency) 

0 

0.2 

0.4 

0.6 

0.8 

1.0 

3 1 

■ Fan selection – In most cases, vane-axial and
backward-curved centrifugal fans are the
most efficient AHU fan choice. Consider the
rated acoustical properties, space limitations,
inlet and outlet conditions, and air quanti
ties/pressure requirements of the fan before
identifying the best fan for the application.

■ Coil and filter selection – Select AHU coils for
low airside and waterside flow resistance,
low water flow rates, and operation at
warmer chilled water or cooler hot water
temperatures. Specify coil control strategies
that will minimize water flow and maximize
heat transfer. Pay special attention to the
pressure drop of coils and filters. Limit face
velocity to 450 feet per minute (fpm) for
VAV systems and 400 fpm for constant air
volume systems.

■ Hot and chilled water piping systems –
Increasing the system pipe diameters and
specifying low-friction valves reduces flow
resistance through the piping and coils and
decreases the system pumping energy.

■ Air distribution systems – Select air distribu
tion components that offer the lowest pres
sure drop through the system. Large duct
sizes provide low pressure drop and future
flexibility if increased airflow is required. Try
to minimize fittings such as elbows and tran
sitions, since they have large pressure drops.

Air-Handling Unit (AHU) 
Design Guidelines Well-designed overhead air distribution systems 

have little variance in the floor-to-ceiling space 
temperatures. 

Under-floor air distribution systems use a 
plenum under a raised floor to distribute air to a 
space. The systems typically deliver 60°F to 65°F 
supply air through diffusers in the floor. The systems 
then rely on stratification to move the warm air 
above the occupant’s level to be replaced by the 
cooler conditioned air. There is typically a large 
temperature variance between the conditioned air 
temperature at the floor and the warmer air temper
ature at the ceiling. Under-floor air distribution 
systems can be installed with little or no first-cost 
penalty, and operational savings will occur over the 
life of the systems. 
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Under-floor air distribution systems can lead to 
improved thermal comfort, improved indoor air quality, 
reduced HVAC system energy use, and increased flexi
bility of the office space. 

Increased personnel comfort is possible because per
sonal control of airflow can be relatively easily incor
porated into the system design. 

HVAC system energy savings result from reduced 
ventilation air rates. Cleaner air can be delivered 
directly to the occupants without dilution with exist
ing room air (displacement ventilation), compared to 

overhead systems that deliver air at the ceiling and 
then mix with room air. 

The higher supply air temperatures of under-floor 
air distribution systems allow more hours of econ
omizer operation, increase chiller plant efficiency, 
and decrease the run-time of mechanical cooling 
equipment. 

The under-floor air distribution plenum often 
doubles as a wire management corridor, increasing 
the space reconfiguration flexibility. 

System Design Guidelines 
Under-Floor Air Distribution 

■	 Evaluate under-floor air distribution systems
early in the design process during the con
ceptual design phase.

■	 Consider under-floor air distribution systems
for spaces having a high density of informa
tion technology equipment, office spaces, or
spaces that are expected to undergo fre
quent reconfigurations.

■	 Minimize pressurized plenum air leakage
by sealing all plenum penetrations and
specifying low-air-leakage (tight) raised
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VAV under-floor distribution system with plenum pressure control and perimeter fan-pow

ered heating unit. Under-floor air distribution systems are more flexible, provide greater 

occupant control, and use less energy compared to overhead air distribution systems. 

T 

DP 

T T
Differential 
pressure sensor 
for plenum 
pressure control 

Variable speed fan-
box with hot-water 
reheat coil 

Perimeter zonesInterior zones 

VAV diffuser 

Pressurized 
floor plenum 

Variable speed 
remote supply air fan 

VAV box 

Thermostats 

floor systems.

■ Use VAV controls for all under-floor air
systems to control plenum pressure.

■ Use variable speed fan units and reheat in
the perimeter zones if additional heat is
needed in these zones.

■ Deliver adequate supply air quantities to
meet the loads. Supply air quantities do not
differ greatly between conventional over-
head and under-floor air distribution systems.
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“Free” Cooling Systems 
The high diurnal temperature swings and low humidity 
levels prevalent at Los Alamos are ideal conditions for 
“free” cooling (see Appendix B). Free cooling is accom
plished by delivering outdoor air to cool buildings 
instead of relying on mechanical cooling systems. These 
systems can significantly decrease compressor, cooling 
tower, and condenser water pump energy requirements 
as well as tower makeup water use and the related 
water treatment. Free cooling has the added benefit of 
providing a high level of ventilation air to a space, 
often resulting in improved indoor air quality. 

Air-side economizer systems – A mixing box capa
ble of handling 100 percent outside air integrated 
with the HVAC system is an economizer system. The 
amount of outside air brought in to the building 
through these systems is limited by the outside air 
conditions (usually just temperature in Los Alamos) or 
requirements for ventilation air (based on indoor CO2 

levels). Note that laboratories requiring 100 percent 
outside air are always in “economizer” mode. 

Nighttime precooling (night purge) systems – 
Use of nighttime precooling (night purge) reduces 
daytime mechanical cooling requirements. Flushing 

the building at night with outside air cools the build
ing mass, which will stay cool through the begin
ning hours of building occupancy. When operating 
a night purge system, let the building temperature 
float during the first part of the night then run the 
system fans for the few hours prior to occupancy to 
precool the building to the desired temperature. 

Natural ventilation systems – Natural ventilation 
relies on the air movement through the space 
without the use of fans to cool the building. Con
sider natural ventilation early in the design process 
to ensure that the architectural design incorporates 
strategically placed, operable windows to accom
modate natural ventilation systems. Many times, 
operable windows are automatically controlled to 
promote natural ventilation only when the outdoor 
conditions are suitable and to ensure that all opera
ble windows close if fire or smoke are detected in 
the building. Using natural ventilation whenever an 
economizer is operating would also be appropriate. 

Evaporative Cooling Systems 
In evaporative cooling, the sensible heat in an air 
stream is exchanged for the latent heat of water. Most 
buildings at LANL could be cooled by evaporative cool
ing methods alone. 

Direct evaporative coolers (also known as swamp cool
ers) introduce some moisture to the air stream, subse
quently reducing the dry bulb temperature of the 
outside air to within 5°F to 10°F of the wet bulb tem
perature. Indirect evaporative coolers provide sensible 
cooling only. Air cooled by water sprayed on the 
backside of a heat exchanger is separate from the air 
delivered to the occupied space. 

Indirect/direct evaporative cooling systems pass air 
through an indirect evaporative cooling system heat 
exchanger to provide sensible cooling to the air stream 

Evaporative cooling has been somewhat limited 
at LANL because of hard (high silica) water. 
Evaporative cooling systems are practical at 
LANL if a water treatment technology that 
cost-effectively removes the silica from the 
water is employed. If water treatment is to be 
installed for research purposes, then consider 
increasing the capacity of this treatment system 
to also provide water for evaporative cooling. 
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before it reaches the direct evaporative cooling section 
of the unit. These systems are often sized so that 
small to medium cooling loads can be met with the 
indirect section operating alone. The indirect/direct 
sections operate together to meet larger cooling loads. 

Both direct and indirect evaporative cooling systems 
can be modified to improve the performance of other 
cooling systems. Direct evaporative cooling systems can 
extend the range of economizer cycles by pre-cooling 
the air stream. An adaptation of indirect evaporative 
cooling systems is to circulate cooling tower water 
through a coil installed in an AHU to provide sensible 
cooling. This type of indirect system is often aug
mented with a chiller to provide enough cooling capac-
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ity to meet peak loads. 

Ventilation and Exhaust Systems 
Rooms with exhaust air systems, such as kitchens and 
restrooms, can draw air from adjacent occupied spaces 
to replace the exhausted air. This approach has two 
benefits: 

1. Rooms where odors may be an issue are kept at
lower pressure than surrounding spaces, minimizing
the potential for odors to spread.

2. Ventilation air is distributed to occupied spaces
before being exhausted, thereby reducing the
required ventilation air.

Laboratory buildings having hazardous materials may 
need large quantities of exhaust and makeup air for 
safety reasons. Conditioning and moving large quanti
ties of air will dominate the energy use in laboratory 
buildings. 

if humidity is controlled to between 40% and 50% rela-

tive humidity (RH) (RH45) compared to not controlling 

humidity (No Humidity). Controlling between 30% and 

60% (RH36) and between 20% and 60% (RH26) has a 

lower, but still significant, energy penalty. 

Static pressure and
fan speed controller 

Fume hood 

Roof 

VAV Laboratory Exhaust Manifold 

Energy recovery unit 

Space Heating at LANL 

Relative humidity 

No Humidity 

RH26 (20–60%) 

RH36 (30–60%) 

RH45 (40–50%) 

0 200 400 600 800 1000 
Heating energy use (kBtu/ft2/yr) 

Tight control of humidity levels in a lab building at LANL 

with a high ventilation rate has a huge heating energy 

penalty. Assuming an average flow rate of 2 cfm/ft2 and 

no heat recovery, the heating energy use almost doubles 

Because of the diversity of laboratory spaces, it is rec
ommended that each space have a fan coil for heating 
and cooling (if high internal loads are expected). A fan 
coil is preferred over a reheat coil located in the 
makeup air duct. A fan coil configuration does not 
require circulation of a large volume of air through 
a reheat coil, which results in an air system pressure 
drop, 365 days a year. 

Consider potential contamination sources when locat
ing outside air intakes for building ventilation air. 
Exhaust fan discharge, plumbing vents, cooling towers, 
and combustion products from vehicles and equipment 
(e.g., boilers and generators) are examples of contami-
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VAV Exhaust System Controls 

Exhaust 
valve 

General 
exhaust 

VAV fume hood 

Thermostat 

Room 
control 

VAV make-up air 

Exhaust valve 
200-1000 cfm 

Exhaust air 

Supply air 

T 

DP 

Make-up air valve Differential 
100-900 cfm pressure sensor 

nation sources. Perform effluent plume models using 
wind tunnels or Computational Fluid Dynamics (CFD) 
software programs to predict plume paths and help 
locate air intakes and exhausts. 

Design laboratory exhaust systems as a “manifold” 
exhaust. Manifold exhaust systems provide substantial 
energy and first-cost savings. This system offers oppor
tunities for centralized energy recovery, and better dilu-

Store and use hazardous materials only in 
exhausted enclosures such as chemical storage 
cabinets and fume hoods. It takes less energy to 
remove a contaminant at the source than to con
dition and supply enough ventilation air to dilute 
the contaminant. As a rule of thumb, control con
centrated contaminant sources at the source by 
containment, local exhaust systems, or both. In 
many laboratory cases, this containment and local 
exhaust is accomplished by using fume hoods. 

The fume-hood-exhausted enclosures only need 
to draw enough exhaust air to maintain a nega
tive pressure when not in use; however, when in 
use the exhaust rate typically increases. For exam
ple, a fume hood sash that remains closed when 

Fume hood design guidelines 

La
bc
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co

 

not in use could draw about 40 cfm per linear 
foot. When the fume hood sash is open, the 
flow must be enough to meet ASHRAE Standard 
110 containment requirements, typically about 

tion. Use multiple exhaust fans and stacks with the lab-
oratory VAV system for redundancy and to maintain a 
constant stack discharge velocity as system volume 
varies. Constant stack discharge velocity is maintained 
by operating only the required number of fans to 
match the current exhaust system load. 

60 fpm for new low-flow fume hoods. Use VAV 
supply and exhaust systems to minimize the 
quantity of air flowing through the fume hood 
and other exhaust devices. 
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Air-to-Air Energy Recovery Systems 
Air-to-air energy recovery opportunities exist at LANL in 
buildings with high ventilation loads. In air-to-air energy 
recovery systems, exhaust air and outdoor air both pass 
through a heat exchanger where the exhaust air pre-
conditions the outdoor air entering the building. These 
systems reduce the heating and cooling peak energy 
demands and can reduce the heating energy consump
tion of buildings by 30 percent to 50 percent. 

Effective use of energy recovery devices results 
in decreased loads on the heating and cooling 
mechanical equipment. Equipment with reduced 

Air-to-air heat exchangers increase the fan power 
needed to supply the outside air to the building and to 
discharge the exhaust or relief air from the building. 
Even though the fan energy increases, the total energy 
use of the system decreases because the overall heating 
and cooling system energy use decreases. Including a 
bypass damper to redirect the air around the recovery 
device when the outdoor conditions do not warrant 
energy recovery improves the performance of these 
energy recovery systems. 

Locate the outside air intake riser and the exhaust or 
relief air riser in close proximity to one another to fur
ther improve the performance of energy recovery sys
tems. To do this, it is important to coordinate plans for 
energy recovery systems early in the design process. 

There are two typical types of air-to-air energy recovery: 
sensible and total. Sensible energy recovery systems 
transfer only sensible heat. Total energy recovery sys
tems transfer sensible and latent heat. Because of the 
dry Los Alamos climate, latent heat recovery is typically 
not important unless the building requires a minimum 
humidity level. 
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capacities can then be purchased. The savings 
gained from purchasing smaller equipment 
often exceeds the first cost of the energy 
recovery devices. 

Air-to-air sensible energy recovery system using run-around coils. 

Exhaust air 

From laboratories To laboratories 

Outside air 

On 

On 

Energy recovery system 

Heating 
coil 

Variable-
speed fan 

Boilers 
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Name Description 

Run-Around Systems 

Heat Pipe Devices 

Fixed-Plate Air-to-Air 
Devices 

Rotary Air-to-Air 
Energy Exchangers 

A simple piping loop connecting a finned-tube coil in 
the exhaust plenum with a finned-tube coil in the 
make-up air plenum or AHU. 

Does not require supply and exhaust air ducts to be 
adjacent and does not require a bypass air damper. 
Requires pump and piping. 

A heat source boils a heat transfer fluid within a pipe, 
and a heat sink condenses the fluid back to its liquid 
state, liberating the energy transferred from the fluid’s 
change of phase. 

Requires supply and exhaust to be adjacent. Requires 
a bypass damper and/or tilting controls. 

Typically, coated air-to-air aluminum heat exchangers. 

May have to be quite large to perform effectively. 

Requires supply and exhaust to be adjacent. Requires 
a bypass damper. 

Recovers latent and sensible heat – highest effective
ness and lowest pressure drop. 

Previously not recommended because of potential 
carryover of contaminants from the exhaust to the 
supply air stream. Purge sectors and good seals mini
mize cross-leakage. 

Recent development of a molecular sieve, desiccant-
based heat wheel technology that will not absorb 
large molecules. 

Requires supply and exhaust to be adjacent. A bypass 
damper reduces pressure drop when not in use. 

Energy Recovery Devices Comparison 

Molecular sieve desiccant energy recover wheel at the National Institutes of Health, 

Louis Stokes Laboratories in Bethesda, Maryland. 

Laboratory buildings typically consume 5 to 10 
times more energy per square foot than office 
buildings. This high use suggests great oppor
tunities for energy savings. The U.S. EPA and 
DOE established a program called “Labora
tories for the 21st Century” (www.epa.gov/ 
labs21century) to promote and assist in the 
design, construction, and operation of high-
performance, low-energy laboratories. 

Laboratories for the 21st Century 

L A B O R AT O R I E S  F O R  T H E  21 S T  C E N T U R  Y
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Central Plant Systems 
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Central plant systems comprise the mechanical equip
ment that heat and cool water (boilers and chillers) to 
provide heating or cooling to a single or group of 
buildings. Distribution systems circulate the heated or 
cooled water through heat exchangers to condition air 
or meet process loads. 

Begin considering the central plant design and obtain-
ing input from other design team members about 
the building loads, space conditioning requirements, 

Laboratory space conditioning system operating in the cooling mode using a heat exchanger for a waterside

economizer. A cooling tower provides indirect evaporative cooling. A direct evaporative cooling section with a bypass

for humidity control further conditions the air before it is delivered to the laboratories. 

Exhaust air Outside air 

On 

On 

On 

Off 

Secondary
loop 

Waterside economizer 
heat exchanger 

Chiller (off) 

Boilers 
(off) 

Closed 

Open 

Evaporator Condenser 

From 
laboratories 

Variable-
speed fans

To 
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Oversized 
cooling 
towers 

Pumps 

Central plants – 

■ Allow for diversity of equipment capacity
for multiple buildings.

■ Provide future flexibility for increased loads
on the system (remember to allow space and
accessibility for future expansion).

■ Lower maintenance costs because all major
equipment is in one location.

■ Increase system efficiency because multiple
chillers, boilers, and cooling towers can be
staged so that they operate near their maxi-
mum efficiency and provide useful redun-
dancy. Waterside economizers can also be
easily incorporated.

■ Reduce amount of space dedicated to
mechanical equipment in a building.

■ Reduce the noise and vibrations associated
with operating combustion- and refrigera-
tion-based equipment by removing this
equipment from the building.

■ Increase the potential for combined heat
and power (CHP) systems.

Advantages of central plants versus 
dedicated mechanical systems 
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and process loads early in the design process. Partici
pate in the architectural design activities to minimize 
building loads, then design the central plant and distri
bution systems to meet these loads while using the 
least amount of energy. 

Water-side economizers 

The low wet-bulb temperatures in Los Alamos 
are especially suitable for water-side econo
mizer systems. Select chiller systems designed 
to operate at as low a condenser (tower) water 
temperature as possible, down to about 50°F. 
When the CWS temperature is this low, a 
water-side economizer system can offset the 
entire chilled water load. Water-side econo-
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Select refrigerants with a zero-ozone-depletion factor whenever possible, especially 

when the chiller efficiency is not significantly affected by the type of refrigerant. 

Criteria HCFC-123 HCFC-22 HFC-134a Ammonia 

Ozone-Depletion 0.016 0.05 0 0 
Potential 

Global Warming 85 1500 1200 0 
Potential (relative 
to CO2) 

activities. Provide a chiller bypass when using a 

mizer systems are particularly applicable for 

Phase Out Date 2030 2020 N/A N/A 

Occupational Risk Low Low Low Low 

meeting large cooling water loads such as that 

water

Flammable No No No Yes 

Refrigerant Options 
which may be required by some laboratory 

-side economizer. 

Chillers 

Anticipate the actual operating conditions of the chiller 
and select accordingly. Most chillers operate between 
40 percent and 70 percent of capacity a majority of 
the time and rarely operate at full load. Select chillers 
with a high-integrated part-load value (IPLV) rating so 
that they operate efficiently under full and part load 
conditions. 

Consider selecting multiple chillers of different capaci
ties to provide flexibility in meeting varying loads in 
addition to selecting chillers with high IPLV ratings. It is 
better to operate chillers near full capacity and start up 
additional chillers as needed than it is to operate large 
chillers at part load most of the time. 

The energy use of central plant and distribution 
systems can vary by a factor of two or more 
based on the system design and operation. 
For example, an air-cooled chiller operating in 
Los Alamos will have an energy use of 1 kW/ton 
or more; whereas, the same sized water-cooled 
chiller with a cooling tower can have an energy 
use of less than 0.5 kW/ton. 

Achieve improved compressor part-load kW/ton ratings 
by installing a variable-speed-drive (VSD) on the com
pressor. The VSD allows the compressor to run at lower 
speed under part-load conditions. 
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Operating chillers to provide higher chiller water supply 
(CHWS) temperatures increases the efficiency and pro
vides greater cooling capacity (tons) for a given chiller 
size and constant condenser water supply (CWS) tem
perature. Keep this in mind when selecting coils for the 
chilled water system. Select coils using a 50°F or higher 
CHWS temperature. The larger face area of these coils 
reduces the air velocity and pressure drop across them. 
Also, designing for warm chilled water temperatures 
increases the number of hours of potential “free” cool
ing using a waterside economizer. 

Variable Speed Drives 

1.0 Chiller energy use (kW/ton) 

0.9 
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0.3 

0.2 Chiller with VSD 

0.1 

0 

Chiller without VSD 

0 10 20 30 40 50 60 70 80 90 100 
Percent load 

Comparison of the performance of a standard chiller and a chiller using a VSD. 
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Operating chillers to provide higher CHWS temperatures decreases the chiller energy 

consumption. 

200 
Tons 

Low- vs. Medium-Temperature Chillers 
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1.0 Energy use (kW/ton) 

0 300 400 500 600 700 800 1000 

1,000-ton Chiller operating at 42°F CHWS 
temperature and 70°F CWS temperature 

1,000-ton Chiller operating at 60°F CHWS 
temperature and 70°F CWS temperature 

Provide variable-speed-drive (VSD) fans on all new cooling towers. A direct-drive pro

peller axial cooling tower is usually more efficient than a centrifugal-fan cooling tower. 

Over-sizing the cooling tower enables condenser water to return to the chiller at a 

temperature close to the wet bulb temperature, maximizing system efficiency. 
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Boilers 

Modular boiler system provides good part-load efficiency 

and redundancy. 

Avoid selecting steam boilers for heating LANL build
ings. Steam systems are not recommended because of 
their typical high maintenance and poor efficiency. 
Should a steam boiler system be included in the design, 
consult an experienced boiler manufacturer regarding 
the boiler, heating surfaces, valves, combustion, con
densate, condensate return, flashing, automatic tem
perature control, steam traps, pressure reduction, and 
steam metering. 
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Select boilers based on the lowest life cycle cost. In 
most cases, it is best to purchase high-efficiency con
densing boilers. But, if the heating load is small (so the 
boiler would not be operating very many hours per 
year), the added cost of these efficient boilers may not 
be justified. Discuss the various capital costs and full-
load and part-load efficiencies with the project team as 
well as with the boiler manufacturers to determine the 
right boiler for a particular load. 

Consider selecting multiple boilers of different capaci
ties to provide flexibility in meeting varying loads. It is 
better to operate boilers near full capacity and start up 
additional boilers as needed than it is to operate large 
boilers at part load most of the time. Systems relying 
on multiple hot water boilers are more flexible and 
result in better peak and part-load performance. 

Condensing boilers operate at their highest efficiencies 

when the return water temperature is below 120°F. 

60 
Return water temperature (°F) 

Condensing Boiler Operating Efficiency 

95 

90 

85 

80 

100 Efficiency (%) 

80 100 120 140 160 

Up to 96% 

Non-condensing 
up to 87% 

Consider gas-fired radiant heating systems for areas with 

high ceilings, spot heating, and other applications where 

radiant heating may be more energy efficient than con

vective or all-air heating systems. 
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Combined Heat and Power (CHP) 

Combined heat and power systems generate both elec
tricity and heat. Consider using CHP systems where 
the heat can be used for space heating, powering an 
absorption cooling system, or providing heat for a par
ticular research activity. Size the CHP system so that all 
the waste heat is used most of the time. One appropri
ate application of CHP systems is to provide standby 
(emergency) power instead of installing an emergency 
generator for a building with a process heat load. 

The low cost and high thermal-to-electrical efficiency 
(23 percent to 27 percent) of micro-turbines are 
making CHP systems viable in sizes of 30 kW and 
larger. CHP systems are also developing the reputation 
of being low-maintenance systems. 

Heating Systems 

The primary heating energy categories are – 
Remember to derate the capacity of all 

combustion devices (e.g., boilers and turbines) 

Outside air preconditioning


at LANL for altitude. Space reheat


Overcoming envelope heat loss
CHP systems reduce peak electrical demands of build
ings. If CHP systems are considered for all new LANL Heating domestic hot water and process water. 

buildings, then installing these systems may help delay Precondition ventilation air for freeze protection by
construction of new high-voltage feeds to the LANL using exhaust air heat recovery systems, natural-gas-
campus. This can be an important factor where avail- fired furnaces, or hot water coils. Natural-gas-fired fur-
able electrical power is limited. naces located in the preconditioning unit can be 

direct-fired (combustion products go into the airstream) 
or indirect-fired (combustion products go out a flue). 
Direct-fired furnaces are more efficient, but only if used 
in systems needing 100% outdoor air. Use modulation 
controls with good turndown for all gas-fired units. 
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The efficiency of CHP is approximately 85%, compared to about 30% for a typical central power plant. This diagram 

assumes operation of 1-MW or larger gas turbines or fuel cells. 

Power 
Plant fuel 
(113 units 

remote energy) 

Boiler fuel 
(59 units 

on-site energy) 

CHP fuel 
(100 units 
on-site 
energy) 

Building 
Load 

Losses 

Losses 

Conventional 
Generation 

Combined Heat 
and Power 

9 
78 
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Electricity 

Heat 

Electricity 
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Smaller solar hot water systems, such as the system 

installed at the Chesapeake Bay Foundation’s Philip Merrill 

Environmental Center in Annapolis, Maryland, are more 

common than larger systems, such as that found on the 

LANL Otowi Building. 
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Minimize space reheat requirements by supplying air to Work closely with the architectural design team mem-
the space at a temperature appropriate to the loads in bers during the early design phases to ensure inclusion Electricity costs about four times as much as 
that space. Minimize laboratory space conditioning sys- of a good thermal envelope for the building. Reducing natural gas at LANL. If renewable energy 
tem energy consumption by supplying air as warm as building loads minimize, the need to provide heating systems cannot be used to provide space and 
possible to the space when it is warm outside and as system equipment to overcome heat losses through the water heating, then select natural gas as the 
cool as possible when it is cold outside. envelope (see Chapter 4). primary fuel source for heating systems. 
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There are many variations in hot water system require
ments at LANL, from very light domestic hot water 
(DHW) loads to process-level loads. Typically, the DHW 
loads are quite small in most LANL buildings. In all 
buildings, minimize the DHW demand as much as pos
sible by specifying low-flow sink and shower fixtures. 

Design the DHW system to meet the anticipated loads 
(DHW systems are often oversized in commercial 
buildings). Consider point-of-use hot water systems in 
buildings with light DHW loads (also known as instan
taneous hot water heaters). These systems avoid the 

central hot water storage tank and system circulator 
pumps found with centralized systems. They save 
energy by eliminating thermal losses through the stor
age tank and eliminating the pump loads. 

Central gas-fired hot water systems are typically a more 
efficient solution as the DHW loads increase and to 
meet process loads. For these systems, be sure to sched
ule circulator pump operation based on use patterns. 

A common design error is to condition all air to 
55°F before distributing that air to any part of 
the building. This is an appropriate strategy when 
supplying air to spaces with low ventilation loads 
and constant space loads, such as office spaces. 
Laboratories have high ventilation loads and vary
ing space loads, depending on the activities occur-
ring within the laboratory. Supplying 55°F air to 
a laboratory with a high ventilation load but a 
low space load requires that this air be reheated 
before it enters the space. Cooling the air to 55°F 
then reheating it wastes energy. Alternatively, 
supplying 62°F air to a laboratory with high venti
lation and space loads requires that that air be 
cooled before it enters the space. Heating the air 
to 62°F then recooling it wastes energy. 

Suggested Reset Supply Air Temperature 
Schedule for Laboratories 

Outside Air Supply Air 
Temperature (°F) Temperature (°F) 

< 55 55 
56–62 Floats within the dead 

band; supply air temper
ature equals outside air 
temperature 

>62 62 

Guidelines for Laboratory 
Supply Air Temperatures 

Solar hot water system on the LANL Otowi Building. The excellent solar resources in Los Alamos make solar hot water 

systems a viable solution for meeting DHW loads and preheating water for process and space heating loads. These 

systems have a high first cost, but very low operating costs. A year-round water heating load, such as for cafeteria, 

locker room facilities, and process loads, is required to make solar hot water systems cost-effective. 
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Distribution Systems 

Properly engineered distribution system design, good 
specifications, and accurate installation result in system 
that efficiently deliver heated and cooled air or water 
from the point where it is generated to the point 
where it is used. In addition to the chillers, boilers, air 
handling units, and other components discussed so far 
in Chapter 5, good distribution system design includes 
effective insulation, condensation control, and mini
mized air leakage. 

The two most common and efficient types of water 
distribution systems within a building are primary/ 
secondary and variable flow primary pumping systems. 

Specify all motors controlled by variable speed 
drives as “inverter duty.” 

Primary/secondary systems provide energy-saving 
opportunities through variable flow (only pumps the 
water actually needed to meet the required loads) and 

elevated return-water temperature. The cost of variable 
speed drives has decreased significantly in recent years, 
resulting in an extremely cost-effective approach to 
reducing wasted pumping energy. Two-way valves cost 
less to buy and install than three-way valves. 

Issues such as the minimum, maximum, and acceptable 
change of flow rate through the boilers or chillers, and 
the installation of a bypass to satisfy the minimum flow 
through the chiller will affect the design of variable 
flow primary pumping systems. These systems cost less 
to purchase and operate than the primary/secondary 
systems because there are fewer pumps in the system. 

Provide controls that automatically reset supply water 
temperatures by representative temperature changes 
responding to changes in building loads or by outside 
air temperatures. It is best if fluid temperatures for 
heating equipment devices are as low as practical and 
as high as a practical for cooling equipment, while 
meeting loads and minimizing flow quantities. 

System Design 
Guidelines for Water Distribution 

■	 Design systems for the maximum tempera
ture differential to improve equipment effi
ciency and reduce pumping energy 

■	 Vary the flow quantity with the load, using 
two-way control valves and variable speed 
pumps 

■ Design for the lowest practical pressure drop 

■ Provide operating and idle control modes 

■	 Identify the critical pressure path and size 
the pipe runs for minimum practical pressure 
drop when locating equipment 

■	 Specify high-efficiency pumps with high-
efficiency (NEMA Premium) motors 
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Primary/secondary pumping strategies provide constant water flow through the boiler(s) 

or chiller(s) and vary the flow through the system with variable speed drives on the 

secondary pump motors and two-way valves throughout. 

Chiller #3 

Chiller #2 

Chiller #1 

Primary pumps 

Coil (typical) 

VSD 

VSD 

VSD 

Variable flow primary pumping varies the flow through the boiler(s) or chiller(s) and the 

coils at the air-handling units, relying on fewer pumps than the primary/secondary strategy. 

Primary pumps 

Chiller #3 
Automatic isolation 
valve (typical) 

Bypass valve 

Chiller #2 

Chiller #1 
Coil (typical) 

Flow meter 

VSD 

VSD 

VSD 
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Plumbing and Water Use 

Los Alamos County supplies water to LANL from a Water conservation procedures currently being imple

series of deep wells drawing water from a regional mented at LANL decrease maintenance and life cycle

aquifer that discharges into the Rio Grande river valley. costs for building operations and help achieve the

Approximately 88 percent of the discharged water is water conservation goals of the Laboratory. In addition,

regulated by the National-Pollution-Discharge-Elimina- facilities that use water efficiently reduce overall costs

tion-System (NPDES) and groundwater (GW) permits. to LANL by lowering water use fees from Los Alamos

Most discharged water is treated by the sanitary waste County, volumes of sewage to treat, energy and chemi

system plant or in specialized treatment systems, such cal use, and capacity charges and limits.

as the High Explosives Wastewater Treatment Plant.

Non-regulated discharges primarily result from con

struction activities and landscaping. 
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LANL Water Consumption 

18% 
Unaccounted 

use 

58% 
Cooling towers 

11% 
Domestic 

4% Other cooling units 

2% Landscaping 

2% Construction 

1% Photo labs 

1% Cafeteria 

1% Rad liquid waste 

1% Steam plants 

Sensors that automatically shut off faucets and flush toilets improve hygiene, comply 

with Americans with Disabilities Act (ADA) requirements, and save water. 

Cooling towers are the largest water consumers 

on the LANL campus, accounting for 58% of the 

LANL campus water consumption. 
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EPACT 
Fixture Comments

Toilets 

Urinals 

Showerheads 

Faucets 

Metering 
Faucets 

1.6 gallons per 
flush (gpf) 

1.0 gpf 

2.5 gallons per 
minute (gpm) at 
80 pounds per 
inch2 (psi) 

2.5 gpm at 
80 psi 

0.25 gallons per 
cycle (gpc) 

Flush-valve toilets are typically used in commercial applications because they 
offer durability and less maintenance compared to gravity tank toilet fixtures. 

Devices sensing motion (ultrasound) and heat (infrared) and timers help 
avoid double flushing and flushing during unoccupied times, eliminate han
dling of fixture controls, improve hygiene, and meet ADA requirements. 

It is recommended not to pursue water use reduction beyond 1.6 gpf for toilets. 

Waterless urinals provide first-cost savings (e.g., eliminating the need to 
provide a water line and flush valve) and less maintenance (e.g., leaks, valve 
repairs, water overflows, etc.) over conventional urinals. 

Waterless urinals require the use and periodic replacement of a strainer 
cartridge and sealant fluid. 

Metering shower systems are typically used for high-use applications such as 
health clubs. 

When specifying low-flow showerheads, be sure to select those that will 
supply water at a pressure that is satisfactory to the user. 

Metering and self-closing faucets (faucets that automatically shut off after a 
certain period of time or when the user moves away) provide water savings 
by preventing faucets from being left on (or not completely shut off) and 
preventing overuse. 

Microprocessor-controlled sensor (motion or infrared-sensing devices) valves 
can be custom programmed to stay on for predefined lengths of time for 
water conserving needs. 

Sensor-operated faucets improve hygiene, are ADA-compliant, and save water. 

Sensor control devices are usually battery-operated for retrofit installations 
and hardwired for new construction. They require an electrician in addition to 
a plumber when maintenance problems occur. 

EPACT 1992 Standards for Indoor Plumbing Fixtures Indoor Plumbing Fixtures 

Federal law mandates that all plumbing fixtures meet 
or exceed the minimum Energy Policy Act of 1992 
(EPACT) requirements. Specify fixtures that exceed the 
EPACT requirements, including dry fixture and control 
technologies, in all new LANL buildings. 

Waterless urinals represent the most water-efficient 

urinal option. 
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EPACT 
Fixture Comments

Drinking 
water 
fixtures 

N/A Bottled water coolers offer the highest potential for water conservation 
because dispensed water must be directed into a container such as a glass 
or bottle. 

From an overall sustainability point of view, bottled water uses more resources 
than a drinking fountain because the bottles must be cleaned, filled, and 
delivered, and must be retrieved when empty. 

Energy savings can be achieved by either not providing chilled water for drink
ing, or by ensuring that chillers and heaters for drinking water are energy-
efficient and do not operate during unoccupied times (e.g., timers are a low 
cost means of preventing such chillers from operating continuously). 

Use only Energy Star qualified bottled water coolers in LANL buildings with 
bottled water. 

EPACT 1992 Standards for Indoor Plumbing Fixtures 

Requirement Water-efficiency measures in buildings can 
easily reduce water usage by 30% or more. In 
a typical 100,000-ft2 office building, low-flow 
fixtures and equipment can save 1,000,000 
gallons of water per year or more, based on 
650 building occupants each using an average 
of 20 gallons per day. 

Standard High Performance 
Fixture ACT) Performance for Sustainability

Toilets 

Urinals 

Showerheads 

Kitchen Faucets 

Lavatory Faucets 

1.6 gpf 

1.0 gpf 

2.5 gpm 

2.5 gpm 

2.5 gpm 

Same as baseline (1.6 gpf) 

2x to 3x (for 0.5 gpf) 

No cost increase (for 2.0 gpm) 

No cost increase (for 1.5 gpm) 

No cost increase (for 0.5 gpm) 

Same as baseline (1.6 gpf) 

0.5x to 1x (waterless) 

No cost increase (for 1.5 gpm) 

No cost increase (for 0.5 gpm) 

1.5x to 3x (for metering, adjustable cycle, 
and flow) 

Cost Comparisons for Plumbing Fixtures 
Better 

(EP
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Common uses of recycled/reused wastewater 
include: landscape irrigation, toilet and urinal 
flush water, space heating and cooling, and other 
water-consuming processes or equipment that do 
not require potable water. Wastewater recycling/ 
reuse and treatment systems provide significant 
water savings, reduce the costs associated with 
purchasing and discharging facility water, and 
reduce site stormwater runoff (see Chapter 7). 
Consider the following questions when assessing 
wastewater recycling/reuse systems: 

■ What are the water reuse opportunities?

■ What is the minimum water quality needed
for the reuse opportunities?

■ How much wastewater will the facility
generate?

■ What are the wastewater sources that satisfy
the water quality requirements?

How much wastewater should be recycled?

Wastewater recycling/reuse (downcycling) Water-Consuming Mechanical Systems 

Cooling towers are the most common type of cooling 
system for large cooling loads. Make-up water must be 
added to cooling towers to replace the water lost by 
evaporation, bleed-off, and drift. Operate cooling 
towers at the highest possible cycles of concentration 
to save water. 

Sources of make-up water for cooling towers can be 
once-through cooling system, process wastewater, 
and treated municipal wastewater effluent. The most 
water-intensive cooling method is once-through 
cooling, in which water contacts and lowers the tem
perature of a heat source and then is discharged. 
Eliminate once-through systems when possible. If it is 
not possible to eliminate these systems, then integrate 
shut-off devices to prevent the water from running 
when the once-through unit is not operating. Also con
sider converting once-through systems to recirculating 
systems by connecting them to cooling towers or 
chilled water systems. 

■ 
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■ How extensive a treatment system is needed?

■ Where will the treatment system be built?

■ What are the implementation costs?

■ What are the operational and mainte-
nance costs?

■ Will the ultimate savings from reduced water
consumption and discharge costs outweigh the
cost of the system?

■ What is the payback period?

The New Mexico Environment Department 
(NMED) encourages the recycling/reusing of 
wastewater that has not come in contact with 
food or human waste (typically referred to 
as greywater). Some level of treatment may 
be required before waste can be recycled/ 
reused. Contact the NMED (800-219-6157) for 
wastewater recycling/reuse assistance, such as 
answering questions, reviewing designs, and 
obtaining a NMED permit (that may be 
required for modifying plumbing or discon
necting plumbing from the sewer system). 

The New Mexico 
Environment Department 
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Steam boilers require make-up water to replace blow-
down water (periodically released from the boiler to 
remove accumulated solids and sediments), or to com
pensate for uncollected condensate (in steam generator 
systems). The following water conservation and recy
cling/reuse options are applicable for boiler and steam 
generator applications: 

Consider a condensate return (recycle/reuse) system 
that enables otherwise uncollected condensate 
to be returned as boiler feed or cooling tower 
make-up water. 

Employ an expansion tank to collect boiler blow-
down water and permit cooling (rather than mixing 
cold water) for recycling/reuse. Consider use of a 
heat exchanger to preheat boiler feedwater and 
cool blow-down. 

Depending on water quality considerations, con
densate and blow-down may be used for other non-
potable-water-consuming applications. 

Consider the reuse of once-used deionized water 
for a different application because deionized water is 
often more pure after its initial use than municipal. 
Also consider using reject water from reverse osmosis 
(RO) systems. 

First minimize the quantity of wastewater generated, 
then implement recycling/reuse of the unavoidably gener
ated wastewater. Consider the following water-efficiency 
with features and techniques when selecting HVAC 
equipment and other industrial processes and equipment: 

Avoid single-pass or “once-through” process cooling 
systems. Consider multi-pass, recirculation, or cool
ing tower systems. 

Consider connecting equipment to a closed-loop 
system rather than using a potable water source. 

Adjust overflows from recirculation systems by con-
trolling the rate at which make-up water is added: 
install float-controlled valves on the make-up lines, 
close filling lines during operation, and provide 
surge tanks for each system to avoid overflow. 

Install high-pressure, low-volume nozzles on spray 
washers. 

Avoid high-volume hoses with high-pressure. 
Consider low-volume cleaning systems. 

Proper operation and maintenance of water-
consuming mechanical equipment is another 
important component to the overall water 
conservation effort. Keep in mind ease of oper-
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The LANL Nicholas C. Metropolis Modeling and Simulation Center currently uses treated wastewater from the LANL 

complex for cooling tower application. 
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A rainwater harvesting system on the Chesapeake Bay Foundation’s Philip Merrill 

Environmental Center in Annapolis, Maryland, captures rainwater for use in fire 

suppression and in the building’s sinks. 
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Potable 
water 

supply 

Float switch 
to potable 

water valve 

Roof gutter 

To non-
potable uses 

To fire supression system 

Overflow 
drain to 
stormwater 
system 

Leaf filter 

Pressure 
switch 

Pressure 
tank 

Water 
storage tank 

Air gap 

Rainwater harvesting systems collect rainwater runoff from a building 
roof and store the water in a cistern (water storage tank). A pump trans
fers water from the cistern to a pressure tank to be used by evaporative 
cooling systems, toilets, landscape irrigation, and other non-potable water 
loads. Plan for freeze protection when designing these systems. Capturing 
and using rainwater reduces that amount of water that needs to be 
pumped from wells and reduces stormwater runoff. The average historical 
moisture at LANL is about 18 inches per year. The annual amount of 
rainwater available for each square foot of roof area at LANL is about 
11 gallons. Size the rainwater storage tank for the maximum normal rain-
fall event (e.g., 90% of the area’s storms, not the 100-year events). 

Rainwater Harvesting Systems 
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Building Control Systems 

Building energy management control systems (EMCS) 
control operation of a building’s mechanical and electrical 
systems. A good EMCS design takes advantage of 
advanced control strategies to meet the building’s origi
nal sustainable design intent. After commissioning (see 
Chapter 9), the building operator guarantees the building 
continues to perform sustainably by adjusting the EMCS 
to accommodate changes in occupant requests and 
building functions. Poor building operation will reduce 
the energy saving benefits of an otherwise good design. 

An EMCS is an integrated network of sensors, con-
trollers, actuators, and software. When programming an 
EMCS, designers typically specify use of reset schedules 
for supply air discharge temperatures, hot-deck and 
cold-deck temperatures, mixed air temperatures, variable 
volume duct pressure and flow, heating water tempera

ture, condenser water temperature, secondary chilled 
water loop pressure, and chiller and boiler staging. A 
good EMCS sequence avoids conflicts between these 
schedules so that savings achieved by one component 
are not offset by losses at another component. Evaluate 
each component control strategy on an individual basis 
and then determine the cumulative effects of various 
configurations. Consult with a controls representative 
to assist in identifying where interferences may occur. 

An EMCS saves energy and money by: 

Optimizing the equipment start and stop times (e.g., 
turning fans off during unoccupied hours). 

Operating the equipment at the minimum capacity 
necessary (e.g., running the fans in a VAV system at 
the minimum speed needed). 

Load shedding means that non-essential equip
ment is turned down or off when the building 
is approaching the set demand limit. Sequential 
startup of equipment reduces spikes in electri
cal loads by not allowing simultaneous startup 
of major electric equipment. Both ensure that 
the electrical demand for the building or a spe
cific piece of equipment within the building 
does not exceed a predetermined maximum. 

Limiting peak electric demand. 

Direct digital control (DDC) systems, the preferred 
method of controlling buildings at LANL, use electronic 
signals to actuate, control, and send/receive input and 
feedback to/from equipment. Centralized DDC systems 
monitor the building systems as a whole instead of con-

The most important consideration when select
ing and specifying an EMCS is ease of use. 
Standardizing the EMCS to one or two manu
facturers who have an open-protocol system 
will help the LANL facilities personnel become 
better acquainted with the systems on site and 
avoid having to learn about multiple types of 
systems. To further the facility managers’ flexi
bility to monitor and control all LANL build
ings, interconnect the EMCS through a 
network to allow for central monitoring. 
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trolling individual equipment separately, reflecting the 
basis for designing and operating energy-efficient build
ings. Central systems also provide opportunities for 
remote access through modems or networks and can 
record historical data about equipment operation that 
can later be used for troubleshooting and diagnostics. 

Design an easy-to-use EMCS 
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Electrical Power Systems 
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The cumulative pollution burden of producing electric
ity is three times that of a building’s electrical load at 
the building site. Ensuring efficient transfer and con
sumption of electricity within a building will save 
money, because less electricity is needed, and will 
reduce the amount of pollutants emitted at the power 
plant to produce the electricity that the building con
sumes. Improve the efficiency of building electrical 
power systems by: 

Using higher voltage power distribution systems in 
buildings, such as 480/277 volts where electric 
codes allow. High-voltage distribution systems can 
result in better economics, smaller conductor sizes, 
and less energy consumed in the system due to 
lower line losses. 

Sizing transformers as close as possible to the actual 
anticipated load to avoid oversizing and to minimize 
fixed thermal losses. When possible, distribute 
electric power at the highest practical voltage and 
power factor consistent with safety. 

■ Specify and install EMCSs in all new LANL
buildings. If a building is very small, such as
a transportable office, install programmable
thermostats.

■ Require a detailed sequence of operation for all
systems controlled by an EMCS. The sequence
must describe all modes of operation of the
system and how they are accomplished.

■ Commission EMCSs and periodically check cali
bration of critical sensors (see Chapter 9).

■ Allow as wide a “dead band” as possible for
temperature and humidity set points, and
increase the dead band during unoccupied
hours. Thermostatic controls for office areas
can be programmed for a cooling set point of
75°F and heating set point of 72°F. Plan for an
adjustable dead band of at least 6°F (± 3°F) to
reduce the cycling of the heating and cooling
equipment and to prevent switching back and
forth between the two systems. Having differ
ent set point temperatures for heating and
cooling seasons increases personnel comfort
because people tend to dress according to the
season (e.g., warmer in the winter). Also, the
temperature and humidity of unoccupied
spaces can float (drift beyond the levels
required when the space is unoccupied) until
the space becomes occupied again or when the
space gets too cold (below 55°F).

■ Integrate economizer controls with the
mechanical cooling (leaving air temperature
controls) so that mechanical cooling is only
operated when necessary and to avoid over-
cooling the supply air.

■ Design the systems and controls so that operat
ing the economizer does not increase heating
energy use.

■ Control VAV systems to have a reset tempera
ture such that one box is always fully open. This
strategy reduces the supply duct static pressure.

■ Use a sensor for multiple purposes, if possible.
For example, a current transducer (CT) may be
used to verify that a pump is operating prop
erly and to calculate and record pump energy
use. Also, tie occupancy sensors that control
the lighting to the VAV boxes serving the same
space to control temperature and the amount
of outside air (e.g., only condition and supply
outside air to the space when it is occupied).

■ Provide controls that automatically reset supply
water temperatures (heated and/or chilled
water) by representative temperature changes
responding to changes in building loads or by
outside air temperatures.

■ Use lockouts based on time of year or outside
temperatures to prevent simultaneous opera
tion of the heating and cooling systems.

Guidelines for Designing EMCSs 

Purchasing “green power” is one way to mini
mize the environmental burden of using elec
tricity generated using fossil fuels. Purchasing 
green certificates (also known as green tags, 
renewable energy certificates, or tradable 
renewable certificates [TRC]) represent the envi
ronmental attributes of power generated from 
renewable electric plants. Several organiza
tions offer TRCs. The approximate cost of TRCs 
is 2¢/kWh. These certificates support power 
generation from newly developed power gen
eration facilities that use renewable energy 
technologies (power from the sun, wind, geo
thermal, low-impact hydropower, or biofuels). 
For more information see: www.green-e.org/ 
your_e_choices/trcs.html. 

Green certificates 



Chapter 5 | Lighting, HVAC, and Plumbing 

Uninterruptible Power Supply Systems 

Electricity for LANL is generated mostly from 
burning fossil fuels (primarily coal). Only about 
one-third of the energy of the source fuel is 
delivered to the end user as electricity. The rest 
is lost in inefficiencies in generation and distri
bution (see diagram on page 106). 

Comply with the National Energy Managers Associa
tion (NEMA) criteria for premium transformers to 
reduce the no-load (core) losses and the coil (wind
ing) losses during transformer operation. The result
ing energy savings will range from about 30 percent 
at no-load to about 10 percent at full load. Always 
specify ENERGY STAR transformers. 

Specify higher-efficiency, liquid-filled transformers. 
These transformers typically use oil as a combination 
coolant and insulating medium and they are most 
frequently installed outdoors. 

Select energy-efficient electrical motors to reduce 
building electricity consumption. It is best if all 
motors one horsepower and larger are three-phase 
and “NEMA Premium.” 

Los Alamos experiences excellent solar resources. For 
this reason, consider integrating solar electric systems 
(PV), into the design of new buildings. PV panels 
produce DC electricity from sunlight. If AC power is 
required, an inverter converts the DC electricity to AC. 

Uninterruptible power supply (UPS) systems 
provide electricity when grid power fails. UPS 
systems consist of rectifiers, battery storage, 
inverters, and controls to convert AC electricity 
to DC for the storage batteries, and back to AC 
for the load. The batteries are typically sized to 
meet the load for 10 to 15 minutes. All UPS 
systems consume energy to maintain a charge 
in the batteries. Avoid UPS systems unless the 
mission requires them. 

Two types of UPS systems exist: on-line UPS and 
standby UPS. An on-line UPS feeds the entire 
load through a rectifier to a DC bus that serves 
the batteries. The DC power is converted to AC 
power to serve the load. This design eliminates 
grid disturbance; however, it is less efficient than 
the standby design because the entire load 
passes through a rectifier and an inverter. 

If an on-line UPS system is chosen, it can be aug
mented with solar electric (PV), power at the DC 
bus voltage. This arrangement saves the inverter 
cost in a grid-tied PV system. It also provides a 

longer run time for the UPS system if the power 
failure occurs during the daytime because the PV 
system will feed part of the load. 

A standby UPS system exposes the load to utility 
power during normal operation, if utility power 
fails a switch transfers the load to the UPS system 
until the utility power becomes available. A 
standby type UPS cannot readily accept PV aug
mentation because the load is not normally 
served by the UPS. 

A PV/UPS system provides backup power for the Site 

Entrance Building at the National Renewable Energy 

Laboratory (NREL) in Golden, Colorado. The generator’s 

600-watt PV array charges a storage system of eight 

rechargeable batteries and enables NREL’s security staff to 

maintain critical functions during power failures. 
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Avoid imbalanced supply circuits 

Use three-phase equipment when possible. If 
single-phase loads exist, such as single-phase 
motors and plug loads, distribute these loads 
evenly among the three phases. 

PV electricity is not currently cost-effective for most 
applications at LANL because of the low cost of grid 
electricity. These systems can be cost-effective for appli
cations where the power grid location is more than 
1⁄4 mile away from the building site and when trenching 
would otherwise be required to bring power to signs 
or outdoor lighting. 

The lifetime operating cost of PV systems is low and 
these systems can help protect LANL from future elec
tricity shortages. 

Metering 

Monitor the actual performance of individual LANL 
buildings through metering. In new buildings, metering 
verifies that sustainable design and operational goals 
are met or detect when the buildings are not perform
ing as designed. Metering also helps identify opportuni
ties for improving performance in existing buildings. 

Record both electrical consumption (kWh) and electrical 
demand (kW) to determine building performance. 
Electrical demand is the time average value over a slid
ing 15-minute time frame. The LANL automated meter 
reading system is capable of recording consumption 
and demand (see Appendix D). 

The Federal Energy Code 10CFR434 (see Appendix A) 
requires buildings with a connected service of over 
250 kVA to have provisions (sufficient space to attach 
portable or permanent metering) for submetering the 
electrical consumption of HVAC&L systems and large 
equipment loads. According to the 10CFR434 guid
ance, the following is recommended for LANL: 

Metering alone cannot save energy; however, 
regularly collecting and recording meter data 
and looking for unexplained changes can be a 
tool for assessing and identifying performance 
problems. 

Install submetering equipment for measuring light
ing loads, HVAC system loads, and equipment loads 
of more than 20 kW. 

Further subdivide the HVAC system metering to 
separately measure ventilation fan use and cooling 
plant use for large buildings with complex HVAC 
systems, such as laboratory buildings. 

Install gas meters in all LANL buildings having gas 
service, preferably connected to the automated 
meter reading system. Separately sub meter large 
process gas loads, if they exist. 

Install water meters in all LANL buildings with water 
service, preferably connected to the automated 
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meter reading system. Separately sub meter large 
water use systems, such as a cooling tower. 

The skylighted entryway at the Thoreau Center for Sustainability at Presidio National 

Park, San Francisco, California, uses photovoltaic cells that are laminated to the skylight 

glass to produce electricity as well as to shade and daylight. 

LANL has established a site-wide metering pro-
gram for recording electricity, gas, and water use 
data via the local area network (see Appendix 
D). All new LANL buildings can install meters 
and connect to this system. 

LANL site-wide metering program
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for Sustainability Performance Code-Compliant 
✓ ✓ ✓ 

Criteria for Sustainable Success 
High Performance Better Standard Practice/ 

Zoning ● Zoning only by floor ● Zoning by function of laboratory and ● Zoning by load analysis that includes
office envelope analysis and function analysis

System Design ● Aggregation of zones into systems ● Multiple systems used ● Multiple systems used with zones arranged
by function

System Sizing ● Rules-of-thumb and base-line sizing ● Equipment sizes reduced to account for ● Hourly simulations on each zone with good
tools used daylighting contribution (no lights on) diversification factors; daylighting and

overhangs incorporated into simulations

System Selection – Labs ● VAV with no outside air control ● VAV supply and exhaust ● VAV plus energy recovery

System Selection – ● VAV with no outside air control ● VAV with CO2 monitoring for outside air ● Displacement ventilation with CO2 outside
Offices air control and VAV supply

Ventilation Flow Rate ● Constant-volume system ● Flow rate less than 1.5 cfm/ft2 ● 1 cfm/ft2 net lab area, less than 0.5 cfm/ft2 

when unoccupied

Exhaust Stack Design ● Fixed-speed exhaust for each device ● Multiple fans on central manifold ● Multiple stacks with variable-speed
exhaust fans

Chillers ● Air-cooled DX with evaporator in air ● Air-cooled chiller producing chilled water, ● High-efficiency (less than 0.5 kW/ton) full-
handler cooling coil in air handler load and part-load chiller with cooling 

tower; set total delivered cooling energy 
performance including tower, chiller, and 
pumps to less than 0.55 kW/ton; water-
side economizer 
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Heating ●● Gas-fired boiler with on-off controls ●● Modular boilers ●● Modular condensing boilers with low

100% outside air units

return water temperature; gas-fired radiant
heating for areas with high ceilings; direct-
fired modulating natural gas furnaces in
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for Sustainability Performance Code-Compliant 
✓ ✓ ✓ 

Criteria for Sustainable Success 
High Performance Better Standard Practice/ 

Combined Heat ● Not considered ● Limited capacity installed ● Used in conjunction with emergency
and Power power loads and base-line power produc-

tion when heating is required

Water Distribution ● Constant flow ● Primary/secondary with variable-flow and ● Variable-flow primary pumping with
variable-speed drives on secondary pumps variable-speed drives

Metering ● No building-level metering ● Building-level metering of gas, water, and ● Submetering for plug loads, process loads,
electric; tie to central metering system lighting, chillers, ventilation loads

Controls ● Programmable thermostats ● Stand-alone DDC ● Networked EMCS, standardized on one
or two vendors, EMCS commissioned and
periodically checked for calibration of
critical sensors, wide deadband for tem
perature and humidity levels.

Electrical Distribution ● No alternative electrical energy resource ● High-efficiency equipment ● 5% green power, PV power meeting
System used 1% of building load. 10% green power,

highest efficiency equipment available, PV
power meeting 5% of building load
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Chapter 6 Material Selection 

Materials	 The use of durable, attractive, and environmentally 
responsible building materials is a key element of any 
high-performance building effort. The use of natural 
and healthy materials contributes to the well-being 
of the occupants and to a feeling of connection with 
the bounty of the natural world. 

Many construction materials have significant environ
mental impacts from pollutant releases, habitat destruc
tion, and depletion of natural resources. This can occur 
during extraction and acquisition of raw materials, pro

“Then I say the Earth belongs to duction and manufacturing processes, and transporta
tion. In addition, some construction materials can harm

each generation. During its course, human health by exposing workers and building occu

fully and in its own right, no 

pants to toxic and hazardous substances. As a result, 
identification and selection of environmentally prefer-
able materials for use in construction activities at LANL 
provide an opportunity to limit such environmental and 
human health impacts. 

Selecting environmentally attractive materials with 
reduced environmental impacts is primarily achieved 
through the practice of resource conservation and 
selection of non-toxic materials. The resources used 
to manufacture construction materials affect the 
environment by depleting natural resources, using 
energy, and releasing pollutants to the land, water, and 

Los Alamos National Laboratory Sustainable Design Guide 123 

Unfinished pressed fiberboard and the lack of interior finishes and fixtures reduce resource use and indoor air 

pollutants in the Chesapeake Bay Foundation’s Phillip Merrill Environmental Center in Annapolis, Maryland. 

generation can contract debts 

greater than may be paid during 

the course of its own existence.” 

– Thomas Jefferson, 1789 
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atmosphere. Materials that contain irritating, odorous, 
hazardous, or toxic components adversely affect human 
health through out-gassing of volatile components or 
direct contact. 

Ideally, materials choices would be made based on a 
rigorous assessment of environmental burdens through-
out the entire of the product or material. This practice, 
known as environmental life cycle assessment, is rarely 
feasible for most building procurement decisions. It is 
possible, however, to use life cycle thinking to compare 
what is known about the environmental performance 
of products and make informed choices. Materials that 

Category

Material Cost 

Life Cycle Cost Impact 
(LCI) 

Energy Efficiency (EE) 

Water Efficiency (WE) 

Locally Manufactured 
(LM) 

Material Reduction 
(MR) 

Locally Derived Raw 
Materials (LRM) 

Non-Toxic (NT) 

Recycled Content (RC) 

Salvaged (S) 

Rapidly Renewable (RR) 

Certified Wood (CW) 

Relative cost to equivalent products that do not possess sustainable characteristics. 

Relative impact on life cycle cost of building operations (not to be confused with 
environmental life cycle assessment, which measures environmental burdens, not 
financial impact). 

Construction materials that directly influence building energy use. 

Construction materials that directly influence building water use. 

Construction materials that are manufactured within a defined radius (500 miles 
for the LEED Rating System) of Los Alamos, New Mexico. LANL strongly encourages 
the use of construction materials manufactured in northern New Mexico. 

Products or materials that serve a defined function using less material than is 
typically used. 

Construction materials that are locally manufactured using raw materials obtained 
within a defined radius of Los Alamos, New Mexico. LANL strongly encourages 
the use of construction materials manufactured using raw materials derived from 
northern New Mexico. 

Construction materials that release relatively low levels of emissions of odorous, 
irritating, toxic, or hazardous substances. Volatile organic compounds (VOCs), 
formaldehydes, and particulates and fibers are examples of substances emitted 
from construction materials that can adversely impact human health (allergens, 
carcinogens, irritants). 

Amount of reprocessed material contained within a construction product that 
originated from post-consumer use and/or post-industrial processes that would 
otherwise have been disposed of in a landfill. 

Construction materials that are reused as-is (or with minor refurbishing) without 
having undergone any type of reprocessing to change the intended use. This includes 
the reuse of existing building structures, equipment, and furnishings at LANL. 

Construction materials that replenish themselves faster (within 10 years) than 
traditional extraction demand; and do not result in adverse environmental impacts. 

Construction materials manufactured all or in part from wood that has been 
certified to the standards of the Forest Stewardship Council as originating from a 
well-managed forest. 

Engineered wood products conserve wood and generate 

less waste. 
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have a reduced environmental impact are known 
as environmentally preferable (EP) materials. 

Environmentally preferable building materials have 
a reduced adverse effect on human health and 
the environment when compared with competing 
products for the same application. The selection of 
EP construction materials should always be based 
on functional performance, environmental perfor
mance, and economic costs. First costs and life 
cycle costs for building materials must be taken 
into consideration to ensure a balance between 
functional and environmental performance. 

“We shall require a 

substantially new manner 

of thinking if mankind 

is to survive.” 

– Albert Einstein 
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Sustainable Design Evaluations for Materials and Resources 

Material 

Ceiling tiles = + – ● 

Carpet = = ● ● 

Fabrics (wall/furniture) = + = – ● 

Resilient flooring = + = – ● ● 

Interior/exterior paints = = ● 

Sealants and adhesives = = ● 

Steel = ● 

Cement/concrete = = ● ● ● 

Insulation = – ● ●● ● 

Bathroom partitions = = ● 

Wood products = + = ● ● ● 

Gypsum wallboard = = ● ● ● 

Furniture = + = ● ● 

Brick/CMU = = ● 

Roofing = = ● 

Windows + – ● 

Doors = + – ● ● 

Ceramic tile = = ● ● ●● 

Insulating concrete forms + – ● 

Structural insulated panels + – ● 

Aerated autoclave concrete + – ● 

Exterior finishes ● ●● 

Permeable paving + – ● 

●● Potentially applicable Material & Resource issue, research ongoing
● Applicable Material & Resource issue
(=) Equivalent, (–) Generally less expensive, or (+) Generally more expensive 

● 

● 

● 

● 

= ● 

● ● 

● ● 

● 

● 

● 

● 

● 

● 

● 

● 

● 

●
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Environmentally preferable construction materials 
may possess any one or more of the characteristics 
described previously, and they may possess these char
acteristics in varying degrees. A product may contain 
more or less recycled content, for example, or be better 
or worse in terms of indoor air emissions. The more 
EP characteristics a construction material possesses, and 
the greater the degree to which it possesses them, 
the better. Materials can also have environmental draw-
backs, and these must be weighed against the EP 
characteristics when making a selection. Finally, the 

LANL 

DenverSalt Lake City 

Albuquerque 

Las Cruces 

Santa Fe 

El Paso 

Amarillo 

Oklahoma City 

Dallas 

Dodge City 

Cheyenne 

Phoenix 
San Diego 

Las Vegas 

This map shows cities within a 500-mile 

radius of Los Alamos, the recommended maximum 

distance for material transportation. 

performance of a product must be assessed not only 
in the abstract, but also in the context of the specific 
application in the building. 

The following internet Web sites identify manufacturers 
that offer products meeting one or more EP criteria 
for each material type: 

www.epa.gov/cpg/database.htm 

www.epa.gov/nrgystar/purchasing/2d_products.html 

www.oikos.com 

Recycled-Content Products 

Under the Resource Conservation and Recovery 
Act (RCRA), EPA established the Affirmative 
Procurement (AP) Program to promote pro
curement of products with recycled content. 
Executive Order 13101 was issued to improve 
federal use of recycled content products and 
environmentally preferable products and ser
vices. EPA’s Comprehensive Procurement Guide-
lines (CPG) identifies such products along with 
minimum recycled content requirements for 
federal agency procurement. Fifty-one such 
items are currently designated as EPA CPG 
compliant items with new products and cate
gories added each year. The product categories 
currently include: 

■ Paper and Paper Products, including sanitary
tissue, printing and writing paper, newsprint,
paperboard and packaging, and paper office
supplies (e.g., file folders, hanging files).

■ Non-Paper Office Products, including binders,
recycling and trash containers, plastic desk-
top accessories, plastic envelopes, trash
bags, printer ribbons and toner cartridges,
report covers, plastic file folders, and plastic
clipboards.

■ Construction Products, including insulation,
carpet, cement and concrete, latex paint,
floor tiles, patio blocks, shower and restroom
dividers, structural fiberboard, and laminated
paperboard.

■ Transportation Products, including channel
izers, delineators, parking stops, barricades,
and cones.

■ Landscaping Products, including garden and
soaker hoses, mulch, edging, and compost.

■ Miscellaneous Products, including pallets,
mats, awards, and plaques.
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Sustainable Building Materials 

Ceiling Tile 

Ceiling tiles are manufactured from a variety of differ
ent materials, including mineral fibers (mineral wool 
and cellulose fiber), fiberglass, gypsum, and poly-
styrene. Ceiling tiles are available with recycled content 
up to 95 percent. Slag wool from the steel industry, 
newspaper, glass, and sugar cane fiber are examples of 
recovered materials used in the manufacture of ceiling 
tiles. Ceiling tiles are also recyclable when replaced or 
discarded. Most major ceiling tile manufacturers have 
become environmentally conscious and resource-
efficient through raw materials acquisition, manufactur
ing plant operations, and waste management. 

Light reflectance is also an important part of a ceiling. 
The light reflectance (LR) characteristic of ceiling tiles 
enhances the efficiency of indirect lighting, which can 
reduce light requirements and energy costs. Highly 
reflective ceiling tiles have an LR of 0.85 or greater 
and should be specified with indirect, high-efficiency 
lighting, and can be incorporated as part of a daylight
ing strategy. 

Recycled-content ceiling tiles are readily available at 
no increased cost. Additional first costs are incurred for 
high-LR ceiling tiles. However, the life cycle costs are 
lower when considering the operating cost savings 
associated with reduced lighting requirements for an 
indirect, high-efficiency lighting system. 

Carpet 

Nylon and polyester are common carpet fabrics. Such 
carpets have been identified under the CPG program to 
be available with recycled content of up to 100 percent 
for polyester and nylon carpet face fiber and up to 
70 percent for nylon carpet backing. Carpet backing, 
such as vinyl, is also available with recycled content up 
to 100 percent. Reconditioned carpets are considered 
to be 100 percent recycled content. In addition, carpet 
cushion is available with recycled content ranging from 
15 to 50 percent for bonded polyurethane, 40 percent 
for jute, 100 percent for synthetic fibers, and 60 to 
90 percent for rubber. Some carpet manufacturers have 
buyback programs for used carpet. Most major carpet 
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LANL new construction uses a variety of regionally available building materials. 

Carpet Components 

Carpet Face 
Fiber 

Carpet 
Backing 

Carpet 
Cushion 

Polyester 

Nylon 

Vinyl 

Nylon 

Bonded 
Polyurethane 

Jute 

Synthetic Fibers 

Rubber 

Recycled Content for Carpet 
Recycled Content 

Up to 70% 

Up to 100% 

Up to 100% 

Up to 70% 

Up to 50% 

Up to 40% 

Up to 100% 

Up to 90% 
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manufacturers are increasingly environmentally con
scious regarding raw materials acquisition, operation of 
manufacturing plants, and waste management. 

Carpet can be a detriment to indoor air quality. Once 
installed, carpets can trap pollutants from the air and 
from people’s shoes, and they can be difficult to clean 
thoroughly. If they get wet, carpets with accumulated 
dirt can become a breeding grounds for mold. In addi
tion, VOCs are released from the carpet, cushion, and 
adhesives, especially in the period immediately follow
ing installation. The Carpet and Rug Institute (CRI) has 

Carpet Components 

Carpet 

Cushion 

Adhesive 

VOC Limits 

< 0.5 mg/m2/hr 

< 1.0 mg/m2

Limits for Carpet 

/hr 

< 10.0 mg/m2/hr 

Volatile Organic Compound (VOC) Fabrics (Wall/Furniture) 

Fabric materials are common components of furniture 
(including partitions) and sound absorbing products. 
Major manufacturers of these products have recycled 
content fabric options available. IAQ issues associated 
with emissions from such fabric materials as well as 
installation requirements (such as use of adhesives) 
should be considered. Materials specifiers must always 
consider manufacturing location and transportation 
requirements. Cost for recycled content fabrics can 
vary, but in most cases will not impact cost. 

an indoor air quality (IAQ) test program that limits VOC 
emissions from carpet products. Carpet installed at LANL 
facilities should comply with the CRI IAQ test program. 

Recycled content carpet complying with the CRI IAQ 
test program is readily available at no added cost. 
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LANL specs recommend recycled-content carpeting. 

LANL, including construction contractors for 
LANL, are required to purchase products 
with recycled content, as long as recycled con-
tent versions of the products meet the applica
ble performance specifications, are available 
at a competitive price, and are available within 
a timeframe that doesn’t delay schedules. 
Descriptions of CPG products and recycled con-
tent requirements are available at 
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Requirements for recycled products 

www.epa. 
gov/epaoswer/non-hw/procure/index.htm. 
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Resilient Flooring 
(Linoleum, Cork, Bamboo) 

Common types of resilient flooring materials include vinyl 
composition tile (VCT), vinyl (PVC) tile and sheet, rubber 
tile and sheet, linoleum tile and sheet, and cork tile and 
planks. The CPG program requires 90 to 100 percent 
recycled content for rubber flooring. Vinyl and PVC 
plastic can be recycled for use in the manufacturing of 
vinyl flooring. Similarly, recycled rubber and tires can be 
used to manufacture rubber flooring. Natural linoleum 
is made from cork, linseed oil, wood flour, and pine 
rosin. Cork used in linoleum and cork tile/planks is sus
tainably harvested from the bark of cork oak. 

Similar to carpet floor coverings, IAQ is a sustainability 
issue for resilient flooring. Emissions associated with 
the flooring material selected as well as the adhesives 
used for installation are potential contributors to poor 
IAQ. Low or no-VOC adhesives should be used for all 
resilient flooring installation. Vinyl-based resilient floor
ing (VCT and PVC) should generally be avoided due to 
the use of hazardous and toxic substances in the pro
duction process. Off-gassing from rubber flooring as 
well as odors from linseed oil in linoleum may cause 
problems for chemically sensitive people. Light reflect
ance is another IAQ issue that should be considered 
when selecting resilient flooring to ensure adequate 

performance as part of the lighting (and daylighting) 
design efforts. 

While recycled-content resilient flooring is readily avail-
able, cost varies widely depending on the resilient flooring 
material selected. Consider maintenance issues when 
selecting resilient flooring materials. Those requiring fre
quent maintenance or harsh chemicals for cleaning, 
waxing, and stripping should be avoided. The majority 
of cork and linoleum flooring is produced in Europe, 
resulting in significant transportation impacts. 
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Natural linoleum is a low-VOC flooring. 

Bamboo is a rapidly renewable substitute for hardwood. 
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Interior/Exterior Paints 

Paint 
Applications 

Interior 
Coatings 
(GS-11) 

Exterior 
Coatings 
(GS-11) 

Anti-
Corrosive 
(GS-03) 

Flat 

Non-Flat 

Flat 

Non-Flat 

Gloss 

Semi-Gloss 

Flat 

VOC Limits for Paint 
VOC Content Limit* 
(grams of VOC per liter) 

< 150 

< 50 

< 200 

< 100 

< 250 

< 250 

< 250 

Sealants and Adhesives 

Latex paints are available with recycled content. IAQ considerations are the most important sustainabil-
Reprocessed latex paints in white, off-white, and pastel ity characteristics associated with sealants and adhe
colors are available with up to 20 percent recycled sives. These products can contain toxic chemicals that 
content. Reprocessed latex paints in gray, brown, earth are released during construction as well as during 
tones, and other dark colors are available with up to building occupancy. Due to air quality laws enacted in 
99 percent recycled content. Consolidated latex paint the state of California, all major sealant and adhesive 
(no color designation) composed of 100 percent recy- manufacturers now offer products that limit VOC emis
cled content is available for use as an undercoat or for sions and prohibit the use of specific toxic chemicals. 
exterior applications where color is not of concern. Green Seal has also developed a standard (GS-36: 

Paint is a potential contributor to poor IAQ. Regardless 
Commercial Adhesives) to limit VOC emissions and pro-

of the types of paints used, VOC emissions from paints 
hibit the use of specific toxic chemicals. California-

should be minimized. Green Seal (GS), an independent 
and/or GS-compliant adhesives should be required for 
construction at LANL. 

nonprofit organization that certifies products following 
*Excluding water and tinting added at the point of sale.

the ISO 14024 environmental labeling standards, has No-VOC and low-VOC sealants and adhesives are read-
developed a standard (GS-11: Paints) to limit VOC emissions and prohibit the use of specific toxic chemi- ily available and are becoming the industry standard. 

cals in paints. Interior and exterior paints used at LANL As a result, such non-emitting or low-emitting sealants 
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Low and zero-VOC paints protect indoor air quality. 

should comply with the GS standard. Although not 
all paints meet the GS standard, all major paint manu
facturers produce GS-compliant paints (though very 
few of them are certified by Green Seal). 

There is little or no cost increase associated with GS-
compliant paints. Although recycled-content paints 
are available, inventories vary with the quantities being 
recycled. Recycled paints are typically less expensive 
than new “virgin” paints. 

and adhesives can be used at no additional cost. 

Sealant 
Applications 

Architectural 

Roadways 

Single-Ply 
Roof Material 
Installation/Repair 

Non-Membrane Roof 
Installation/Repair 

Other 

Sealant Primer 
Applications 

Architectural – 
Nonporous 

Architectural – Porous 

Other 

*Water; acetone; parachlorobenzotrifluoride (PCBTF); cyclic, branched or 
linear, fully methylated siloznes (VMS); and difluoroethane (HFC-152a) are not 
considered part of the product. 

VOC Content Limit* 
(grams of VOC per liter) 

250 

250 

450 

300 

420 

VOC Content Limit* 
(grams of VOC per liter) 

250 

775 

750 

VOC Limits for Sealants 
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VOC Content 
Limit* (grams 
of VOC per liter) 

50 

50 

150 

100 

60 

50 

65 

50 

50 

50 

70 

100 

250 
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Steel 

All steel manufactured in the United States contains 
recycled content. Recycled content varies based on the 
type of furnace used for processing. Steel from a Basic 
Oxygen Furnace (BOF) contains approximately 30 per-
cent recycled content on average. Steel from an Electric 
Arc Furnace (EAF) contains nearly 100 percent recycled 
content. Structural shapes (such as I-beams) are typi
cally manufactured using the EAF, while historically, 
other steel products such as plates, sheets, and tubing 
components have been manufactured using the BOF. 
As EAF plants get more sophisticated, however, more 
and more profiles are available from those facilities. 
Although local manufacturers of structural steel may be 
difficult to identify, local fabricators of structural steel 
are readily available. 

VOC Limits for Adhesives 

Adhesive 
Applications 

Specialty 

PVC welding 

CPVC welding 

ABS welding 

Plastic cement welding 

Adhesive primer for plastic 

Contact adhesive 

Special purpose contact adhesive 

Adhesive for traffic marking tape 

Structural wood member adhesive 

Sheet-applied rubber lining 
operations 

Substrate-Specific 

Metal to metal 

Plastic foams 

Porous material (except wood) 

Wood 

Fiberglass 

VOC Content 
Limit* (grams 
of VOC per liter) 

285 

270 

400 

250 

250 

80 

250 

150 

140 

850 

30 

50 

50 

30 

80 

Adhesive 
Applications 

Architectural 

Indoor carpet 

Carpet pad 

Outdoor carpet 

Wood flooring 

Rubber flooring 

Subfloor 

Ceramic tile 

VCT and asphalt tile 

Dry wall and panel 

Cove base 

Multipurpose construction 

Structural glazing 

Single-ply roof membrane 

*Water; acetone; parachlorobenzotrifluoride
(PCBTF); cyclic, branched or linear, fully 
methylated siloznes (VMS); and difluoro
ethane (HFC-152a) are not considered part 
of the product. 

The headquarters of the Pennsylvania Department of 

Environmental Protection was constructed from 

sustainable resources, such as wheatstraw, cork, recycled 

glass, and steel. 
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Structures should be designed to use the least amount 
of steel adequate to do the job. At a minimum, steel 
surfaces generally require a protective primer coat to 
prevent rust and corrosion. Depending on the visibility 
of the particular material, paint may also be applied. 
Such coatings have potential to degrade air quality by 
emitting toxic VOCs. No- or low-VOC paints and 
primers should be applied to steel surfaces when such 
coatings are required. In addition, application of paints 
and primers at the manufacturing facility is always 
preferable due to better process emission controls. 

No additional costs are associated with recycled-content 

Cement/Concrete 

The manufacturing of cement has significant environ
mental impacts, including energy consumption, natural 
resource depletion, and greenhouse-gas emissions. 
The manufacturing of cement is the most significant 
contributor to these emissions. The amount of cement 
used in concrete can be reduced by replacing a portion 
of the cement with coal fly ash and/or ground granu
lated blast furnace (GGBF) slag. The level of fly ash in 
concrete typically ranges from 15 to 35 percent of total 
cementitious material, but can reach 70 percent for use 
in massive walls, girders, road bases, and dams. The 
level of GGBF slag usually ranges from 25 to 50 per-

cent. The amount of fly ash and/or GGBF slag used in 
cement or concrete constitutes the recycled content. 
Cement and concrete containing such additives should 
be readily available at no increased cost. An additional 
EP feature of concrete is its potential to contribute to 
energy efficiency by providing thermal mass to a build
ing envelope that slows heat transfer. Fly ash often 
contains elevated concentrations of natural radioiso
topes. Radioanalytic laboratories should evaluate the 
potential impact of the residual radioactivity. 
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Coal fly ash is a byproduct of coal burning at electric utility plants, while slag is a byproduct of iron blast furnaces. Both 

can replace cement in concrete. The walls of this building are constructed with concrete made from coal fly ash and 

insulated with an Exterior Insulating Finishing System (EIFS). The additional thermal mass provided by the insulated 

concrete walls combined with the other passive solar design features reduce the annual energy costs by more than 60%. 

steel products due to the inherent recycling in all U.S. 
steel manufacturing processes. Although some products 
manufactured using foreign steel may actually be less 
expensive, the recycled content in foreign steel may be 
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unknown. Foreign steel products are not recommended 
due to the environmental cost associated with energy 
and natural resources expended for transportation. 
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Insulation 

Insulation is a critical component of an energy-efficient 
building. Energy (or thermal) performance associated 
with insulation is based on the thickness needed to 
achieve a specified or desired thermal resistance (such 
as R-19 walls and R-30 roof). In addition to the energy 
(or thermal) characteristics of insulation, recycled con-
tent and toxicity (to both human health and the envi-
ronment) of insulation must be considered. Although 
some manufacturers now offer formaldehyde-free 
fiberglass insulation, phenol formaldehyde is widely 
used to bond the fibers in fiberglass batts. In addition 
to formaldehyde concerns, airborne fiberglass particu-
lates are considered an inhalation irritant. Such fibers 
can become airborne when installing insulation, and 
if allowed to enter the HVAC system can be distributed 
throughout a building. However, insulation manufac-
turers can control the release of particulate fibers by 
encapsulating the batts in a thin plastic film. 

The optimal amount of insulation in the building enve-
lope should be determined based on computer models 

Bathroom Partitions 

Restroom and shower partitions/dividers are constructed 
primarily of steel or plastic, although partitions/dividers 
can also be made of wood or marble. Such partitions/ 
dividers are available with recycled contents ranging 
from 20 to 100 percent for plastic and fr

Bo
b 

H
en

dr

om 30 to 
100 percent for steel. Steel partitions/dividers are 
typically painted to prevent rust or corrosion. Factory
applied paint should always be required to minimize 
VOC emissions following installation. 

No cost increase is incurred by using restroom and 
shower partitions/dividers constructed of recycled-con
tent plastic or steel when compared to non-recycled-
content plastic and steel. It should be noted that 
recycled-content steel does not include stainless steel. 
Partitions/dividers constructed of stainless steel, or 
marble, are significantly more expensive than painted 
steel or plastic. 

on
 

CPG-Required Recycled Content Levels 
for Building Insulation
Insulation Type 

Rock Wool 

Fiberglass 

Cellulose 

Plastic Rigid Foam 
(polyisocyanurate and 
polyurethane) 

Recycled Content 

At least 75% 

At least 25% 

At least 75% 

At least 10% 

of the building’s overall thermal performance (see 
Chapter 5). Insulation containing recycled-content 
material is readily available from all major insulation 
manufacturers at no increased cost. Formaldehyde-free 
fiberglass insulation, however, is relatively new, and not 
universally available. 
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Wood Products 

Wood is a versatile construction material that can be 
used for both structural and non-structural applications. 
However, due to degradation from exposure to sun and 
weather and the corresponding maintenance required, 
wood is not recommended for exterior surface finishes. 

Wood may be salvaged, certified, and low in toxicity. 
Wood products are often composed of wood compos
ites, fibers, or chips. Particleboard and medium-density 
fiberboard are often made using shavings from milling 
operations, but these are not considered a “recycled” 

material as they have not historically been landfilled. ing from sustainably managed forests will generally add 
Wood chips or particles that are adhered together to initial costs. To ensure Forest-Stewardship-Council-
using a bonding resin may emit toxic substances, most compliant certification, the invoices from the supplier 
notably formaldehydes. Wood finishes such as paints, must include a chain-of-custody certificate number. The 
stains, and varnishes are also potential sources of toxic availability of salvaged wood is dependent on supply 
emissions. However, non-toxic finishes such as water- and generally adds to up-front cost. Many wood product 
based paints and stains, as well as curing processes manufacturers are replacing formaldehyde-based bond-
that accelerate the emission of any volatile toxins, are ing resins with non-toxic substitutes. Cost impacts for 
readily available. such non-formaldehyde wood products can vary. 

The cost of wood construction materials can vary 
depending on market demand and availability. Wood 
products (or components) that are certified as originat-
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The Chesapeake Bay Foundation’s Phillip Merill Environmental Center in Annapolis, Maryland, made plentiful use of salvaged and recycled-content wood. 
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Gypsum Wallboard 

Drywall is generally composed of 92 percent gypsum 
and 7 percent paper, with the remaining 1 percent 
being a combination of impurities in the gypsum rock 
and additives. The primary component of drywall, 
gypsum, can be obtained from natural resources or 
synthetically produced from byproducts of power plant 
operations. The synthetic gypsum represents a 100-
percent post-industrial recycled-content product. 
Gypsum wallboard composed of synthetic gypsum and 
recycled-content paper facing and backing is available 
at no cost increase; however, synthetic gypsum wall-
board is not currently manufactured within 500 miles 
of Los Alamos. 

Furniture 

Furniture is typically constructed using a combination 
of different materials (steel, wood, plastic, adhesives, 
fabric, etc.), and offers many sustainability oppor
tunities. Recycled-content materials can be used for a 
variety of furniture components. Wood components 
in furniture can be derived from rapidly renewable or 
sustainably certified sources. Furniture is also available 
as a salvaged material that is refurbished for reuse. 
An important EP characteristic of furniture involves 
VOC emissions. The potential for emissions from furni
ture can result from fabric material, adhesives, finishes 
on wood and metal components, and formaldehyde 
in wood components. 

Furniture costs are highly variable depending on style, 
ergonomic characteristics, functional requirements, 
and other optional features that may be required. 
The impact of EP characteristics on furniture costs is 
also variable. 
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Ecowork office furniture is made from 98% recycled materials. 
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We are ‘doomed to achieve 

sustainability’ one way or 

another, at some level of comfort 

or discomfort, by choice 

or by nature’s decisive hand. 

– Alan Atkisson, 
author of Believing Cassandra
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Brick/Concrete Masonry Units (CMU) 

Brick provides thermal mass that adds to energy effi- panel, metal panel, and exterior insulation finish system 
ciency by slowing heat transfer through the wall. Brick walls. Salvaged brick can actually cost more than new 
is also very durable, requiring essentially no mainte- brick due to the labor required to refurbish used brick 
nance because it never needs to be painted and never for resale. CMUs or concrete block are less expensive 
rots, fades, warps, burns, dents, tears, or becomes brit- than brick and may be available with recycled content. 
tle. Salvaged brick may be available depending on local CMUs with finished faces can provide both the struc
vendor supplies. New brick can be matched to salvaged ture and either the interior or exterior surface of a wall, 
brick as necessary. Although brick containing recycled thereby replacing whole layers of additional material. 
content has not been identified, locally manufactured For energy efficiency and comfort, it is best to locate 
brick is available. the CMU on the inside and insulation on the outside of 

Brick wall construction is generally less expensive (both 
the wall (e.g., CMU with an exterior finish insulating 

first cost and life cycle cost) than pre-cast concrete 
system [EFIS], see p. 141). 

Roofing 

Dark, non-reflective roofing surfaces create heat island 
effects by absorbing energy from the sun and radiating 
it as heat. This “black body” effect causes ambient 
temperatures to rise, which increases cooling require
ments in the summer, requires larger HVAC equipment, 
and increases building energy consumption. A roof 
system with light colors can reflect heat instead of 
absorbing it, reducing HVAC equipment and energy 
use. The U.S. Environmental Protection Agency’s 
ENERGY STAR program has established solar reflectance 
and thermal emissivity requirements for roofs. Product 
manufacturers must comply with these requirements to 
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CMU construction for the LANL Emergency Operations Center provides a durable exterior 

wall. A second CMU interior wall provides mass to improve interior thermal comfort. 

ENERGY STAR-compliant roof materials include metal and are applicable to both low-

slope and steep-slope roof configurations. 
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receive an ENERGY STAR label. ENERGY STAR-compliant roof 
systems are required for all new LANL facilities as part 
of the overall energy-efficiency strategy for the project. 

Depending on the roofing system selected, there is 
potential for roofing materials to contain recycled con-
tent and low-emitting materials. ENERGY STAR-compliant 
roof construction does not increase building cost. The 
roofing materials required to comply with ENERGY STAR 

provisions are becoming standard in the industry. 

Windows 

Windows are a critical component for an energy-
efficient building. Not only do windows affect the ther
mal performance of a building (in the same manner as 
insulation), they provide natural daylight, reducing the 
electric lighting requirements of a building. 

High-performance windows should be considered for 
all new LANL facilities as part of the overall energy-
efficiency strategy for the project. See Chapter 4 for 
details on optimizing the energy performance of win
dows and glazing systems. Select frame materials that 
have recycled content, are durable, and are compatible 
with the LANL climate and weather characteristics 

(to conserve resources and reduce maintenance). 
High-performance windows used for LANL facilities 
should be constructed at a local window fabricator that 
uses insulating glass units from a major glass manu
facturer. High-performance windows cost more than 
standard windows. However, reduced lighting require
ments and superior thermal efficiency can recover any 
cost increase in a relatively short period of time. In 
addition, high-performance windows lead to improved 
occupant comfort 

137 

High-performance windows increase thermal resistance, reduce solar heat gain (for 

internal-load-dominated buildings), and provide daylighting. 
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Ecologically conscious design is less 

about what the individual knows 

or thinks he knows, and more about 

approaching the design with a 

totally new consciousness and the 

willingness to rely on the collaborative 

energy of all of the participants. 

– Bob Berkebile, Founding Chair, 
AIA’s Committee on the Environment 
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Doors 

Exterior doors (and frames) should be constructed of Interior doors do not separate conditioned space from 
recycled-content steel and contain insulating core unconditioned space and do not require good thermal 
material that does not contribute to ozone depletion. performance characteristics. Interior doors are typically 
Rigid foam plastics and fiberglass are typically used as constructed of wood products (veneers, core materials, 
insulating cores. In the case of foam plastics, expanded rails, and styles) and synthetic wood products (plastics). 
polystyrene (EPS) is preferable to extruded polystyrene Steel frames are also commonly used for interior doors 
and polyurethane. Fiberglass core materials should also for durability and reduced maintenance. Interior doors 
contain recycled content. Finishes on steel doors should provide an opportunity for using recycled-content 
be applied at the factory (where process emission con- material (plastics and steel) and certified wood (as 
trols are in place) and consist of a no- or low-VOC applicable), and in some cases salvaged materials (com
paint that is cured (or baked) to eliminate VOC emis- plete doors or components). Urea formaldehyde is a 
sions after installation. Weather-stripping along the top, commonly used binding agent in wood door construc
jambs, and bottom sweeps will minimize air infiltration tion that should be avoided in favor of significantly less 
around exterior doors. volatile binders such as phenol formaldehyde. Factory-

applied finishing is preferred to site-applied finishing 
based on control of VOC emissions. 

The costs for EP interior and exterior doors may be 
higher than for conventional doors. However, such cost 
increases are dependent on the sustainable features 
specified. For example, no- and low-VOC finishing tech
niques are readily available for both wood and steel at 
no additional cost; however, certified wood compo
nents will generally increase cost. Non-ozone-depleting 
insulation material such as expanded polystyrene does 
not increase cost relative to other door insulation mate-
rials; although highly insulated doors (low-temperature 
applications) cost more than non-insulated or margin-
ally insulated doors (moderate-temperature applications). 
Additional first costs are generally offset by reduced 
operating costs. 
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Select certified wood or salvaged doors when using wood doors. 
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Ceramic Tile 

Ceramic tile is durable and low-maintenance. Up to 
100 percent recycled content is available in ceramic tile. 
Glass and feldspar mine wastes are the primary materi
als of the recycled content. Reuse of salvaged ceramic 
tile may also be an option. Although ceramic tile is an 
inert material, to prevent adverse air quality impacts, 
the adhesives used for tile placement should be non-
toxic and/or non-VOC-emitting. Tile cost varies depend
ing on the characteristics and features selected. No 
additional cost results from recycled-content material or 
non-toxic adhesives. 

Insulating Concrete Forms (ICF) 

The thermal efficiency of ICF construction is attribut
able to the insulation properties of the form material, 
temperature stability from the thermal mass of con
crete, and reduced air infiltration. ICF walls can have 
thermal resistance (or R-value) of approximately R-15. 
Both the insulation material of the forms and the con
crete used in ICF construction could contain recycled-
content material, as noted previously in the discussions 
on insulation and cement/concrete materials. The 
potential for toxic emissions from ICF walls is low based 
on the materials used for construction. Expanded poly-
styrene is the most common insulation material used in 
ICF construction, and along with concrete, these mate-
rials generally have no emissions. 

The relative cost for ICF construction is nearly equiva
lent to poured concrete or concrete block construction. 
ICF construction is marginally more expensive when 
compared to wood or steel-frame construction. How-
ever, the energy savings resulting from ICF construction 
may result in a lower overall life cycle cost compared 
to conventional wall construction techniques. 
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These terrazzo tiles, 60 percent recycled glass by weight, are stronger and more 

water-resistant than most stone-based terrazzo tile. 

ICF construction provides superior energy efficiency (high R-value, low air infiltration, 

and high thermal mass), and is strong and durable. 
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Structural Insulated Panels (SIP) 

Facing materials in SIP construction are commonly dry-
wall and structural wood sheathing (such as plywood 
and oriented strand board). These facing materials 
could contain certified wood, although no SIP manufac
turers offer certified wood facings as a standard prod
uct. Similar to ICFs, the foam insulation used as core 
center should be EPS (which is most commonly used) 
to eliminate potential contributions to ozone depletion. 
Structural wood sheathing and adhesives used in the 
construction of SIPs have the potential to release toxic 
emissions, such as formaldehyde and VOCs. 

Aerated Autoclave Concrete (AAC) 

The cost for SIP construction is equivalent to poured AAC is considered a highly sustainable building material. 
concrete or concrete block, and marginally higher than Features of AAC include low energy and raw material 
conventional frame and insulation package construc- consumption during manufacturing, good thermal per
tion. However, life cycle considerations indicate reduced formance, structural-use capabilities, non-toxicity, and 
overall costs due to the substantially increased energy durability. AAC can be used as an insulating and struc
efficiency over conventional construction techniques. tural material, reducing the overall construction materials 

needed. AAC is considered to be fairly friable and must 
be protected from weather by an exterior finish or coat
ing. Any number of interior finishes can cover the interior 
surface. AAC was incorporated throughout the Metropolis 
Center (MC) facility recently completed at LANL. 
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The first cost for AAC construction is marginally higher 
compared to conventional concrete construction 
techniques. However, the use of AAC in place of struc
tural steel at the MC facility resulted in savings of 
approximately $2.5 million. life cycle energy savings 
may also offset initial cost increases. 

SIPs can be faced with wood sheathing made from certified wood. 
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Exterior Finishes 

In addition to aesthetics, exterior finishes prevent water 
and air infiltration. The moisture barrier provided by an 
exterior finish protects the interior wall materials, such 
as wood, steel, and insulation, from degradation 
caused by contact with water. Newer manufactured 
sidings have been engineered to require far less main
tenance than traditional wood. 

Toxicity is generally not a concern for exterior finish 
materials (with the exception of painted surfaces). To be 
durable and withstand the effects of sun and weather, 
the material will likely be inert. Recycled-content mate-
rials that are locally manufactured (and preferably 
locally harvested) should be considered. High-mainte

nance materials (such as wood) should be avoided to 
reduce repair, replacement, and upkeep costs (such as 
repainting). Brick, concrete, stucco, steel, aluminum, 
and fiber-cement offer superior longevity. These materi
als resist cracking and other deterioration. Only the 
exterior finishes known to be applicable to the LANL cli
mate and weather characteristics should be considered. 

Exterior Insulation Finishing Systems (EIFS) refers to a 
specific category of exterior finishes. EIFSs are multi-
layered exterior wall systems consisting of the following 
components: insulation board secured to the exterior 
wall surface with a specially formulated adhesive and/or 
mechanical attachment; a durable, water-resistant base 
coat applied on top of the insulation and reinforced 
with fiber glass mesh; and a durable finish coat. By 

applying insulation outside the structure, EIFS reduces 
air infiltration and reduces energy consumption. Tradi
tional “between-the-studs” insulation leaves thermal 
breaks caused by gaps where heat and cold pass more 
freely between the outdoors and the interior condi
tioned space. EIFS can reduce air infiltration by as much 
as 55 percent compared to standard brick or wood 
construction. Experienced, skilled applicators are 
required for proper installation. 

Cost comparisons for the different exterior finish options 
will primarily be determined during the design phase 
based on functional and architectural considerations. 

Los Alamos National Laboratory Sustainable Design Guide 141 

The siding on the Cambria Office Building in Harrisburg, Pennsylvania, is made from untreated hemlock. It will gray 

with age to match the area’s century-old barns. 
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Permeable Paving 

Permeable (or porous) paving can be used to control 
surface water runoff by allowing stormwater to infiltrate 
the soil and return to the watershed (see Chapter 7). 
Permeable paving includes methods for using porous 
materials in locations that would otherwise be covered 
with impermeable materials (parking areas, walkways, 
and patio areas). These methods and materials include: 

Permeable pavers – Paving stones placed in an 
interlocking fashion over pedestrian surfaces (such 
as walkways and patios). 

Gravel/crusher fines – Loose aggregate material 
used to cover pedestrian surfaces. 

Open cell pavers – Concrete or plastic grids with 
voids that are filled with a reinforced vegetative turf 
or an aggregate material (sand, gravel, crusher fines). 
These are applicable to limited-vehicle-use areas. 

Porous asphalt (bituminous concrete) – A porous 
asphalt layer constructed with “open-graded” 
aggregate (small fines removed), which leaves voids 
between the large particles unfilled by smaller fine 
particles. An open-graded stone base holds water 
until it filters through into the underlying soil. This is 
applicable to general-vehicle-use areas. 

Porous concrete – A concrete mix without the fine 
aggregate, and with special additives for strength. 

Permeable paving is not intended to replace standard 
impervious paving, but to limit the use of impermeable 
paving to heavy traffic areas. The availability of recycled 
content, salvaged materials, and locally manufactured 
products depends on the specific techniques imple
mented. Impacts from snow removal and control (salt
ing) may affect durability. 

Permeable paving surfaces generally cost more than con
ventional impervious surfaces. However, life cycle savings 
include reduced cost for stormwater management facili
ties and equipment and reduced operation and mainte-
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nance for infrastructure repairs. Permeable paving can 
potentially eliminate the need for stormwater collection 
drains, subsurface piping, and discharge structures. 

Limiting the use of impermeable paving helps control runoff and protects the watershed. 
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System Integration Issues 
Materials are in every physical aspect of a building. 
Therefore, the integration of material considerations 
into all components of building systems is a necessity. 
The following integration issues relate to material 
considerations: 

Low-energy building design involves integration of 
building envelope materials (insulation, windows, 
doors, and structural mass components) into the 
overall thermal load. Material characteristics should 
be included in the energy simulations (see Chapter 4). 

Indoor environmental quality involves integration 
with materials considerations to ensure workers 
and occupants are not subject to odorous, irritating, 
toxic, or hazardous substances and emissions. 

Daylighting design involves integration with materi
als considerations for windows as well as reflectance 
characteristics of interior finishes (such as ceiling 
tiles and paint). 

Stormwater design involves integration with materi
als considerations for perviousness of exterior sur
face structures (sidewalks, roadways, and parking 
lots) to promote infiltration into the ground surface. 

Roofing design involves integration with materials 
considerations to achieve ENERGY STAR compliance for 
reflectance and emissivity. 

Operation and maintenance requirements must be 
considered when selecting materials to ensure future 
sustainability when cleaning, repair, and replace
ment are required. 
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for Sustainability Performance Code-Compliant 
✓ ✓ ✓ 

Criteria for Sustainable Success 
High Performance Better Standard Practice/ 

Materials Reduction ● Typical material use ● Alternate low-mass, low volume materials ● Materials that serve multiple functions, 
and allow for omission of layers 

Locally Manufactured ● 10% of building materials ● 20% of building materials ● 30% of building materials 

Locally Derived ● 5% of building materials ● 10% of building materials ● 15% of building materials 
Raw Materials 

Non-Toxic ● CRI-compliant ● CRI-compliant carpet and GS-compliant ● CRI-compliant carpet, GS-compliant paint, 
paint California AQMD-compliant adhesives 

and sealants 

Recycled Content ● Meet EPA Comprehensive Procurement ● 10% of building materials by weighted ● 20% of building materials by weighted 
Guideline requirements average average 

Salvaged – Material ● None ● 5% of building materials ● 10% of building materials 

Salvaged – Building ● Maintain 75% of existing building ● Maintain 100% of existing building ● Maintain 100% of existing structure and 
Reuse (if applicable) structure and shell and shell shell AND 50% of non-shell (walls, floor 

coverings, ceiling systems) 

Rapidly Renewable ● None ● 5% of building materials ● 10% of building materials 

Certified Wood ● None ● 50% of wood-based materials ● 75% of wood-based materials 
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Additional Resources 

ENERGY STAR – A voluntary labeling program sponsored 
by the U.S. EPA and DOE designed to identify and pro-
mote energy-efficient products, www.energystar.gov 

Federal Energy Management Program (FEMP) – FEMP 
is a U.S. DOE program that promotes water and 
energy efficiency. FEMP issues “Product Energy-
Efficiency Recommendations” for products, www. 
eren.doe.gov/femp/ 

Environmentally Preferable Purchasing (EPP) – EPP is 
a U.S. EPA program that encourages and assists in the 
purchasing of environmentally preferable products 
and services, www.epa.gov/opptintr/epp/ 

Comprehensive Procurement Guidelines (CPG) – CPG 
is a U.S. EPA program established to promote the use 
of recycled products by designating products and 
establishing recycled-content recommendations, 
www.epa.gov/cpg/ 

A Guide to Implementing Executive Order 13101, 
www.eren.doe.gov/femp/resources/greengov 
intro/html 

Resource Conservation and Recovery Act Online, 
www.epa.gov/rcraonline 

GreenSpec – A product directory listing building 
products selected by the publishers of Environmental 
Building News, www.greenspec.com 

GREENGUARD™ – A certification and labeling pro-
gram for low-emitting interior products and building 
materials, www.greenguard.org 

Carpet and Rug Institute – Manages a testing pro-
gram that verifies adherence to minimum standards 
for pollution emissions from carpets, cushions, and 
adhesives, www.carpet-rug.org 

WaterWiser – A resource for water-efficient products, 
www.waterwiser.org 

Green Seal – A nonprofit organization that develops 
consensus standards for environmentally preferable 
materials and products, www.greenseal.org 

OIKOS Green Building Source – A resource for 
construction products, materials, and techniques that 
promote sustainable design and construction, 
www.oikos.com 

Certified Forest Products Council – Provides a data-
base of wood products certified to the standards of 
the international Forest Stewardship Council, www. 
certifiedwood.org 

Architectural Record/Green Architect – Provides a 
guide to green building products and materials, www. 
archrecord.com/green/green/asp 

“Rule 1168 Adhesive and Sealant Applications.” 
California South Coast Air Quality District, September 
15, 2000. 

“Regulation 8, Organic Compounds, Rule 51, Adhe
sive and Sealant Products.” California Bay Area Air 
Quality Management District, May 2, 2001. 

“Anti-Corrosive Paints,” Second Edition. GC-03, Janu
ary 7, 1997. “Paints,” First Edition. GS-11, May 20, 
1993. “Commercial Adhesives.” GS-36, October 19, 
2000. Green Seal Inc., 1001 Connecticut, NW Suite 
837, Washington, D.C., 20036-5525 

Steel Recycling Institute (SRI), Fact Sheet, www. 
recycle-steel.org/index2.html. 

The resources listed above are not intended to be 
comprehensive and LANL encourages identification 
and use of other resources to support procurement 
of EP building materials. 
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