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The Applied Science Division is on the scientific forefront in a broad spectrum of areas, with the emphasis on 
providing environmentally acceptable energy options for the future. These alternatives include fuels from 
non-petroleum sources, advanced batteries, conversion of solar energy, and improvements in energy end
use efficiency. 

The Applied Science Division was created as the Energy & Environment Division in 1973 in response to the 
environmental- and energy-related concerns of the country. The Division grew rapidly and, over the years, 
attained national and international recognition in many areas. The research on energy conservation in 
buildings, energy efficient lighting, indoor air qualrty, solar heating and cooling, and acid rain has produced 
important results having a major impact on both the public sector and the scientific community. The present 
name, Applied Science, reflects a continuing commitment to a strong scientific and high-technology 
approach to these and other research problems. 

The Division is multidisciplinary, with a scientific staff that includes physicists, chemists, mechanical and 
chemical engineers, architects, economists, and computer scientists. A very close relationship exists with 
faculty researchers from several departments of the University of California, Berkeley, in particular the 
Mechanical and Chemical Engineering Departments, and the interdisciplinary Energy and Resources Group. 
The Division provides training for many graduate students from these and other departments of the University. 
The unique combinations of LBL staff and facilities, University faculty, and graduate students provides an 
unmatched research capability for dealing effectively with the wide range of exciting research problems that 
are central to energy and related fields. 

Elton J. Cai s, Division Head 
Associate · tor, LBL 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain conect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any wananty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of lhe 
University of California. 
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Pressure hydrogenation is a com
mon feature of synthetic fuel pro
duction methods. This apparatus is 
used in mo lten-salt-catalyzed cool 
liquefaction researc h. Similar tech
niques ore used for thermal lique
faction of b iomass. 

This continuous enzyme cellulose 
production unit p roduces ethanol 
from b iomass. The first fermentor is a 
holding reservoir. the middle is nu
trient-rich for maximum fungus 
growth. and the third is nutrient
deficient for maximum enzyme pro
duction. 

CHEMICAL PROCESS R&D 

In this program, chemistry and chemical engineering 
practices are applied to areas related to the production of 
fuels, their environmental impact, and energy storage. 
Uniting these projects is a common thread of transport 
processes, kinetics, thermodynamics, separation processes, 
and organic and physical chemistry. These research 
investigations increase fundamental mechanistic under
standing and thereby help develop improved processing 
approaches. The projects are: 

D Coal and Biomass Conversion 

D Environmental Impacts of Synthetic Fuels 

D Biochemical Conversion of Cellulose to Fuels 

D Battery Research and Electrochemical 
Energy Conversion 



Electrochemical test cells ore used 
to model the behavior of electrodes 
used in zinc/nickel batteries and to 
investigate practical means for im
proving their performance. 

Batteries developed at LBL may be 
used to power electric veh icles. The 
drawing illustrates a typical veh icle 
battery system. 

Computer and data acquisition 
systems control and monitor the 
electrochemical experiments 



MICHAEL WAHLIG 
Program Leader 

Experimentors test the first model of 
a new class of solar-driven high 
efficiency absorbtion a ir condi
tioners. 

SOLAR ENERGY 

The focus of the Solar Energy Program is on applied research 
that will extend the technology base for a broad range of 
solar energy applications, and on preliminary development 
of new approaches to solar energy conversion. One major 
effort has been the research on "passive" approaches to 
solar heating and natural cooling. Here careful considera
tions of architectural design, construction materials, inci
dent solar energy, environmental energy flows, and natural 
daylighting are used to moderate a building's interior cli
mate and reduce the use of non-renewable energy 
resources. The Solar Energy Program is also engaged in 
activities for the "active" solar cooling of buildings. A solar
driven absorption air conditioner has been designed and 
built and is presently in the testing phase. Projects include: 

D Active Solar Energy 
Absorption Air Conditioner 
Small Partic le Heat Exchanger 

D Passive Analysis and Design 
Pass ive Solar Cooling 
Effects of Daylighting 

D Energy Conversion by Bacteriorhodopsin 



In this test model of the Small 
Particle Heat Exchange Receiver 
(SPHER), concentrated sunlight is 
absorbed by microscopic carbon 
particles, heating air to more than 
800°C driving a conventional tur
bine to generate electricity. 
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This graph shows the effect of roof 
aperture area on the total annual 
cost for heating, cooling, and light
ing a prototypical office building. 

Researchers prepare to make solar 
measurements on a scale model of 
a building to determine the 
radiation admitted through roof 
apertures and the illumination 
d istribution within the building. The 
doylighting aspects of this work ore 
port of a joint research effort with 
the Windows and Doylight ing 
Group of the Energy Efficient 
Buildings Program. 



ARTHUR ROSENFELD 
Acting Progra m Leader 

RICHARD CRENSHAW 
Deputy Program Leader 

The Radon Research House is de
signed to evaluate the impact of 
reduced ventilat ion on indoor air 
qual ity in buildings "tightened" 
through conservation strategies. 
Concentrations of radon. particu
lates. combustion gases. and the 
effectiveness of control techniques 
ore measured 

CIRA (Computerized Instrumented 
Residential Audit) is a user-friendly 
microcomputer program which 
computes projected energy use in 
a given house and determines 
energy-saving strategies. 

ENERGY EFFICIENT BUILDINGS 

The aim of the Energy Efficient Buildings Program is to 
conduct theoretical and experimental research on various 
aspects of building technology that will permit gains in 
energy efficiency without decreasing occupants' comfort or 
adversely affecting the quality of indoor air. Such research 
is crucial to our energy future because, in the United States, 
buildings use $120 billion worth of energy each year-one
third of the total for all sectors. Even with today's technology, 
this could be cut in half. Over the long term, resource energy 
costs will rise further. This will require continued improve
ments in the energy-efficient design and operation of 
buildings. Areas of research are: 

D Energy Performance of Buildings 

D Building Ventilation and Indoor Air Quality 

D Energy Efficient Lighting 

D Energy Efficient Windows and Daylighting 

D Building Energy Simulation (DO E-2) 

D Building Energy Data 

WOOD STUCCO BRICK 



Energy efficient use of the natural 
daylight in buildings is studied 
using this 24-foct diameter artificial 
sky dome which simulates various 
day-lighting situations. 

Sky luminance distributions ore re
produced on the underside of the 
hemisphere. 

Light levels ore then measured in 
scale model buildings under the 
artificial sky to predict illumination 
patterns in real buildings. 

An experimental fluorescent lamp, 
developed by the Lighting System 
Research Group, is used to mea
sure increases in lamp efficiency 
brought about by replacing natu
rally occurring mercury with a selec
tively enriched mercury isotope mix 
- seen as the blue glow. 



TIHOMIR NOVAKOV 
Program Leader 

NANCY BROWN 
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A loser spectroscopy researcher 
uses the photo-acoustic absorp
tion technique to examine amor
phous silicon. The lifetime of photo
generated carriers which ploy on 
important role in solar cell effi 
ciency con be determined. 

Density fluctuations inside a strong
ly turbulent boundary Ioyer ore 
measured by the Rayleigh scatter
ing technique. Understanding the 
fundamental processes of turbu
lence will lead to practical com
bustion system design. 

ENVIRONMENTAL RESEARCH 

The focus of this program is to study the influence of fossil fuel 
combustion on atmospheric and hydrological processes. 
The program includes studies of the basic chemistry and 
physics of these processes in well-controlled laboratory 
experiments and in real-world investigations. The fields of 
study encompass atmospheric chemistry, advanced spec
troscopic techniques, combustion efficiency and chemistry, 
atmospheric radiation transfer, and hydrological sciences. 
Projects include: 

D Atmospheric Aerosol Research Group 

D Applied Physics and Laser Spectroscopy 

D Lake Ecotoxicology 

D Combustion Research 

D Oil Shale Research 

D Trace Element Analysis Group 



An atmospheric aerosol researcher 
uses a liquid chromatograph to 
identify organic compounds that 
are found in the atmosphere. 

Soot particles are collected on 
filters as air from the atmosphere is 
pulled through them. revea ling that 
combustion-generated particles 
can be transported on a g lobal 
scale. 

Understanding the pollutants in the 
wastewater resulting from o il shale 
production is facilitated using this 
bench-scale fermentor for culti
vating bacteria. 

Supplied with water and sediments 
from natural lakes the chemistry 
and biology of rea l world lakes are 
simulated by laboratory studies. 



MICHAEL ROTHKOPF 
Program Leader 

MARK LEVINE 
Deputy Program Leader 

Three-dimensional plots like this 
one ore useful for determining ef
ficient cooling strategies. The total 
enclosed volume represents the 
annual cooling load for a given 
house. Individual heights represent 
monthly loads for temperatures 
within 10° intervals. The shaded 
area shows cooling loads above 
85°. the temperature above which 
house fans. for example. ore no 
longer effective. 

Internal loads from lights. people 
and appl iances affect the energy 
used for space-conditioning of 
single family residences in both 
cold and hot climates. 

ENERGY ANALYSIS 

The Energy Analysis Program addresses from a policy 
perspective a broad range of issues relating to energy 
supply, demand, prices, and policies. A major emphasis of 
the Program is the analysis of issues involving energy use in 
buildings. The program also addresses a variety of more 
general resource and environmental issues. The program 
performs systems-studies including assessment of technical, 
economic, social, and environmental impacts of alterna
tive policies relating to energy and resources. A variety of 
disciplines and techniques such as economics, computer 
modeling, architectural engineering, and financial analysis 
are employed in the following research areas: 

0 Building Energy Analysis 

0 Appliance Energy Efficiency 

0 Energy Economics 

0 International Energy Studies 

SINGLE FAMILY DWELLING 
Phoenix, Arizona 
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A comparison of energy consump
tion in major industrialized coun
tries illustrates the dramatic effect 
of energy conservation measures. 
For example, Sweden. wh ich has 
successfully applied conservation 
techniques, uses significantly less 
energy than the U.S 

The energy savings that would result 
from the implementation of energy 
efficiency standards for major 
appliances ore being studied 

T emperoture-reloted oppl ionces 
such as air conditioners, constitute 
a significant port of peak energy 
demand t\ny reduction in their 
loads, accomplished through con
servation, reduces peak demand 
and the need for new generation 
capacity 
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