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Energy & Office Productivity
the latter is hugely affected by Indoor Environment

Annual cost / Sq. M. Floor

• Energy Cost:      $20
• Maintenance:      $30
• Taxes: $30
• Rent: $300
• “Productivity” $3000



LBNLLBNL’’s Indoor Environment Departments Indoor Environment Department
Research DomainResearch Domain
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Indoor Environment Department
Research Approaches

• Laboratory experiments
• Field studies in real buildings

— Pollutant source characterization
— Air and pollutant transport 

measurements
— Exposure characterization
— Evaluate IAQ control measures
— Health and productivity 

assessments
• Multivariate statistical analyses of 

data
• Air and pollutant transport 

modeling
• Modeling of exposures
• Critical reviews
• Input for standards

Field studies of ventilation flow in houses

Emissions measurement in a stainless steel chamber



How Buildings and Their Operation Affects IEQ
BUILDING
PROCESSES
• Ventilation
• Heating
• Air Conditioning
• Humidification
• Filtration
• Air recirculation
• Pressure control
• HVAC maintenance
• Water leakage

BUILDING
CHARACTERISTICS
• Envelope design
• Bldg. materials and 

furnishings
• Office equipment
• Window openability
• Occupant density
• HVAC type
• HVAC control 

system

INDOOR

ENVIROMENTAL 

CONDITIONS
• Pollutant 

concentrations
• Ventilation rates

• Temperatures

• Humidity

• Sound levels
• Lighting 

characteristics



Illustrative Example:
Outdoor Air Supply Rate



Impacts of Outdoor Air Supply Rate on Health

~40% of office workers in U.S. commercial buildings report one or 
more symptoms, and ~25% report two or more symptoms, related 
to workplace environment (“sick buildings”) in occupant health 
surveys

Workers in Sick Buildings have substantially higher prevalence of
adverse health symptoms from poor air quality

20 of 27 studies found statistically significant increase in symptoms 
with decrease in outdoor air supply

>80% increase in prevalence of at least one symptom in 9 studies

Benefits have been documented from increasing outdoor air supply
rates above code minimum values

“Sick Building Syndrome” Symptoms in Offices

Source: Seppenen, Fisk, Mendell (1999) Indoor Air 9: 226-252
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Impact of Fresh Air Supply Rate on 
Performance
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Energy Cost and Productivity Value of 
10 cfm/person Increase in Minimum Ventilation Rate

• Better Work Performance 
— 0.8% performance increase
— ~ $840 per worker per year*

• Reduced Absence
— 0.7 days per year
— ~ $280 per worker per year

• Energy cost
— ~ $10 per person per year 
— can reduce energy costs with heat recovery or other technologies

• Health and productivity benefits are 100 times the energy cost

(*at $100K for salary plus benefits)



Illustrative Example: Temperature
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Estimated Economic Value of Work Performance Changes Estimated Economic Value of Work Performance Changes 
from 1from 1ooC (1.8C (1.8ooF) Shift in Temperature Toward OptimumF) Shift in Temperature Toward Optimum

460 €
$600

0.6%
24 to 23 oC

75.2 to 73.4 oF

230 €
$300

0.3%
23 to 22 oC

73.4 to 71.6 oF

300 €
$400

0.4%
20 to 21 oC

68 to 69.8 oF

680 €
$900

0.9%
19 to 20 oC

66.2 to 68 oF

Annual Economic 
Benefit Per Worker*

Increase in 
PerformanceTemp. Change

*Assuming 76 € ($100K) cost per worker for salaries a



The ChallengeThe Challenge

• Energy security
• Climate risk
• Zero-energy building goals

However
• Direct economic rewards 

are dwarfed by the indirect 
economic benefits from 
improved IEQ

Reducing Energy Use 
in Buildings is Critical Hugely Larger 

Economic Gains (or 
losses) from effect on 
Indoor Environmental 
Quality

• Health and comfort
• Work performance

Given the economic implications, improved
Building Energy Efficiency should be accompanied by improved IEQ



An illustrative Win-Win Option
Estimated Annual Benefits of Economizer Control System+

Estimated productivity-related savings  
are 47 times energy cost savings

+HVAC control technology that uses outdoor air for free space cooling when doing so saves 
energy; often considered too expensive for small HVAC; modeled ventilation and energy 
impacts for office building in Washington, D.C.

*assumed annual salary plus benefits of $100K; sickness absence rates estimated using 
empirically calibrated disease transmission model

Increase in annual average ventilation 
rate 

10 L/s-person 

Normally considered benefit 
   Annual Energy cost savings 

 
$30 per person 

Normally neglected benefits 
   Annual value of reduced absence 
   Annual value of productivity increase 

 
$420 per person 
$1000 per person 

 

*

(20 cfm/person)

Source: Fisk, Seppanen, Faulkner, Huang (2005) ASHRAE Trans. 111: 673- 679



More Illustrative Stand-alone Options for Maintaining or 
Improving IEQ Consistent with Large Energy Savings - 1

• Reduce indoor pollutant sources less ventilation needed

• Gain control of ventilation rates reduce over- ventilation

• Undertake ventilation heat recovery

• Improve ventilation efficiency better IAQ with same 
amount of ventilation

• Apply air cleaning less ventilation needed to maintain 
IAQ

More…



Still More Illustrative Stand-alone Options for Maintaining or 
Improving IEQ Consistent with Large Energy Savings -- 2

• Employ technologies that simultaneously increase 
ventilation rates and save cooling energy (economizers, 
evaporative cooling)

• Irradiate cooling coils with UV  germicidal light  
reduce microbial contamination and also coil fouling that 
increases energy consumption

• Reduce dampness problems in building envelopes 
respiratory health improvements and improved envelope 
thermal performance

Integrated System Solutions likely to hold much 
larger benefits than isolated stand-alone measures—

but this needs to be tested and demonstrated with research



Given the economic benefits of 
healthy building environments, 

strategies and measures to improve
Energy Efficiency should also ensure 

improved Indoor Env. Quality

RECAP



How will we know that we have met our
goal of improving IEQ while saving energy?
• LBNL has developed and tested a web-based occupant 

symptom questionnaire that takes ~5 minutes to answer

• We will develop this further to map a building’s occupant 
responses onto the baseline for seven identified symptom 
clusters among occupants in U.S. commercial building 
stock

• Occupants of retrofitted building can be given the 
questionnaire before, and one year after, the retrofit to 
compare symptom clusters in occupants, in terms of 
percentile position relative to U.S. building stock



Questions and
Comments?



Backup Slides



Indoors
86%

Vehicles
6%

Outdoors
8%

Why Indoor Environments Are Important

People indoors 90% of time
Pollutant exposures increase 1000 
fold with indoor release vs. outdoor
For many pollutants, indoor 
concentration >> outdoor 
concentration because of indoor 
sources 
Health and productivity of very large 
population affected frequently by 
indoor exposures
Large potential economic benefits of 
improved Indoor Environmental 
Quality (IEQ)
IEQ control has implications for 
energy consumption



Integrating IEQ Improvements with Energy Efficiency

The Basic Challenge

$ Value of 
Improved 
Health & 

Productivity 

More ventilation
• Increased heating and cooling energ
• Better work performance and health

Air Conditioning
• Increased cooling energy
• Better work performance
• Increased respiratory health 

Frequent Conflicts Among These Goals

Energy 
Cost



Impacts of Ventilation Rate on HealthImpacts of Ventilation Rate on Health
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Energy Cost and Productivity Value of 10 cfm/person 
Increase in  Minimum Ventilation Rate

• Better Work Performance 
— 0.8% performance increase
— $840 per worker per year*

• Reduced Absence
— 0.7 days per year
— $280 per worker per year

• Energy cost
— ~ $10 per person per year 
— can reduce energy costs 

with heat recovery or other 
technologies

• Health and productivity 
benefits are 100 time energy 
cost

*at $100K for salary plus benefits

Energy 
Cost

$ Value of 
Improved Health 

& 
Productivity


