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In the past the Pacific Northwest enjoyed an abundant supply of electricity, 
but in recent years an ever-growing demand for power has strained the region's 
hydroelectric resources. Further large-scale hydroelectric developrent does 
not appear feasible, and while coal and nuclear thermal projects have been , 

scheduled to augment the power supply, these have incurred repeated delays. 
As a result, current projections indicate possible energy deficits in the 
19801s, unless alternative sources of power can be found. 

Energy conservatidn is generally acknowledged to be the mst readily available 
source of addition''low-~~~t power. Recognizing this fact, the Bomeville 
Ewer Administration (BPA) has long carried on a program of research and 
developnent to increase the technical efficiency of its transmission system. 
But during the 1970's BPA sought to broaden the scope of its conservation 
efforts by creating a Branch of Ehergy Conservation and by irrrplementing 
throughout the Agency projects aimed at reducing the energy requirement of -;the 
ultimate consumer of electricity . \ The Division of Substation and Control 
Engineering has.been involved in much of this work, initiating a number of. ' 
projects ranging fran the development of prototype equipment to the field 
testing of energy saving measures that m l d  benefit residential and 
oomnercial users. 

This document describes the projects undertaken by the Division of Substation 
ard Control Engineering, reports on their progress, and indicates directions 
that they will take in the future. The first projects presented are those 
being done at BPA's Midway Wsidential Comnunity: studies on air infiltration 
and weatherization, and evaluation of such energy conservation measures as 
heat pma and solar water heaters. The next section of the report involves an 
energy audit and retrofit program undertaken in response to Executive Order 
812003 to reduce energy oonsumption in BPAws own buildings. The third 
section, also concerned with BPA's efforts to reduce internal energy 
consumption, presents the application of passive solar techniques to the 
design of new BPA buildings. The fourth section reports on a system developed 
to utilize waste thermal energy frm transformers and solar energy for space 
heating and cooling. The fifth section also involves the developnent of a 
prototype system, one to monitor energy usage of industrial equipment. The 
final sections report on projects involving solar and wind energy, the 
Photovoltaic Applications Program alld the Mod-2 Wind Generator project at 
Goodnoe Hills. 



'IHE ENERGY ccNsEmATION PWX;RAM OF THE 
DIVISION OF SUBSTATION AND CONTROL ENGINEERING: 

An Interim Report 

The Pacific Northwest long enjoyed an abundant supply of electricity, 
inexpensive and rich in potential for developnent. Weral multi-purpose dams 
harnessing the energy of the Cblumbia River and its tributaries created a vast 
hydro system that for many years was mre than adequate to meet the region's 
demands for pclwer. But this source of low-cost electricity attracted energy- 
intensive industries to the Pacific Northwest, and at the same time the growth 
of the region accelerated. Currently the demand for electricity exceeds the 
capacity of the system, and it now appears that the potential for further 
largescale, economically feasible hydroelectric developnent has been 
exhausted. Some thermal projects, both coal and nuclear, have been built to 
meet an ever-rowing demand for power, but other projects scheduled to augment 
the hydroelectric base have met with repeated delays. As a result, the energy 
situation in the Pacific Northwest is rapidly becaning critical, and indeed 
projections now indicate that should the region experience years of reduced 
streamflaws in any year of the 1980's - as it did in 1973, 1977 and 1979 - 
severe power shortages might occur. 

In recent years it has been generally acknowledged that conservation is 
essential to the management of our dwindling energy resources. Nationally, 
diminishing fossil fuel reserves, with attenklant increases in their cost and 
demand, focused attention on energy conservation, culminating in passage of 
legislation such as the National Ehergy Cbnservation Eblicy Act of 1979, which 
implemented a variety of measures intended to encourage energy saving in both 
the private and public sectors. In the Pacific Northwest, a grwing awareness 
of conservation w s  intensified by the effects of the Arab oil embargo in 1973 
and by a drought in the same year that reduced hydroelectric resources to a 
critical level. 

In its role as the primary transmitter and wholesale distributor of power in 
the Pacific Northwest, the Bonneville Ebwer Administration (BPA) has long been 
aware of the value of energy conservation. Reoognizing that reducing the 
amount of energy consumed postpones the need for new, expensive generating 
facilities, BPA since its establishment in 1937 has conducted ongoing research 
and developnent to improve the technical efficiency of the region's electric 
power system. But during the 1970's it became clear that if the Pacific 
Northwe~t's energy requirents were to be met, BPA's research and developnent 
program should include conservation projects of a much wider scope. Thus, 
although limited in the amount it auld spend on conservation program without 
direct Cbngressional approval, BPA initiated a number of small but significant 
projects that were aimed at reducing the electricity required by the end 
user. This early interest has grown into a separate program of study, 
research, develapnent of equipment, and field testing of various practical 
measures consumers might take to conserve energy with cost savings for 
themselves. In serving the Northwest and national interest, BPA felt that its 
experience in the transmission and distribution of electrical power, and its 
considerable technical staff, auld best be utilized by confronting practical 
problems faced by homeowners, businesses, industries, and local and state 
governments. 



mile much of the task of implementing energy conservation is done by the 
Division of Energy Conservation, whose pilot projects on residential 
weatherization, solar water heating, and irrigation prmrp testing are well 
urrderway, this mrk is supplemented by engineers a d  technicians working in 
other branches and divisions of the agency. The Division of Substation and 
Control Engineering has been involved in a great deal of the day-May work 
of cducting studies, werseeing pro jects and evaluating equipment, and the 
current status of its efforts is described in this interim report . This 
report augments other publications which give an werall, general view of 
energy conservation in BPA, focusing instead on engineering a d  research at 
the working level. Its purpose is to acquaint those involved in decisions 
effecting energy conservation - not necessarily engineers or technicians - 
with the work being done at. BPA. 

Additional capies of this report, as we11 as copies of individual technical 
reports referred to herein, may be obtained through the Division of Energy 
Conservation, Bonneville Rwer Administration. 

fie.early efforts of Bonneville Rwer Administration in the field of energy 
conservation received considerable impetus from President Carter's Executive 
Order a12003 of 1977, requiring energy savings in the Government's own, 
buildings, the National Energy Conservation Eblicies Act of 1979, a d  the 
Department of Energy's strong advocacy of energy saving as a national gual. 
Since much of BPA's energy conservation mrk would entail alteration of and 
additions to buildings, a large part of the energy conservation research and 
developnent program was assigned to the Division of Substation and Cantrol 
Engineering, that part of the kjency mst involved with building design. 

Preliminary mrk on energy conservation research and development involved the 
selection of particular projects, design of testing procedures, and 
preparation for gathering data from testing sites. Selection of projects was 
by two main criteria: substantial benefit in practical energy saving, and 
feasibility of the project itself. While long range research in new 
technology was not ignored, projects were selected first of all for their 
potential for being translated into practical energy conservation measures 
within a short period of time. The first step was to identify end uses in 
order to determine the areas where the greatest energy savings could be 
achieved. Surveys conducted by the FBwer Requirements Section of BPA suplied 
data on end uses for the West Group Area - Oregon, Washington, Idaho, and 
parts of Montana. A current forecast of end-use demand is shown graphically 
on the following page: 



Percentage of Total Electricity Use by Sedor 

47.3% \ \ Industrial 

1.2% 
Water Heating 

Residential Commercial Industrial 

End Use Within Sectors 

SOURCE: " Preliminary Estimates of End-use 
Electricity Use" 
BPA Requirements Branch, July 1980 

Figure 1.' Forecast of ELectrical Energy Use 1980 For Oregon, 
Washington, Idaho and Western mntana 



As Figure 1 indicates, the greatest requirement for electricity.- 47.3% of the 
total demand - comes £ran the industrial sector. Currently, however, there is 
insufficient data to permit accurate assessment of the types of industrial 
energy end use; as a result, there is a serious need, both on a national and 
r e g i d  level, for a means of acquiring this kind of information. In 
response to this need, the Systems Control Branch of the Division of 
Substation and Cbntrol Engineering undertook a project in cooperation with the 
Department of Energy to 'design a microoomplter system for monitoring the 
energy usage by types of industrial equipnent. The system, now being used at 
.the Hanford Eheservation to mitor industrial processes, is expected to yield 
data on energy usage and in addition will provide information about the 
feasibility of load managemnt. 

Although much remains to be learned about how energy is used in the industrial 
sector, there 'is oonsiderable data available on residential ard oomnercial end 
use and a wide range of technology on which to draw for resolving energy 
conservation problems in these sectors. lhe two largest item of residential 
and cannercia1 use - space and water heating - suggested that a savings in 
these carld bring about far reaching reductions in Northwest electrical energy 
consumption. 

fie requirement for space heating breaks down as foilows: 

Table 1. Iirement for Space Heating 

Use % of End Use for Share of 'Ibtal % of 'Ibtal Use 
Space Heating Use (% of E d  Use x Share) 

Wsident ial 
Onmnercial 

34.3 
18.4 

'Ibtal % of Use 

Because of its larger requirement for space heating - accounting for 11.1% of 
projected total electrical use - attention was .first drawn to the residential 
sector. Here there were a number of oonservation measures aimed at reducing 
the energy requirement for space heating, but in many cases mch remained to 
be learned about their efficacy and cost+ffectiveness. Hence, among our 
projects were studies of solar space heating, air infiltration, 
watheriqation, and the like. Furthemre, many of the techniques and energy 
conservation measures tested in residences would apply to Bonneville Fwerls 
own reduction of energy waste in its hildings - a mnservation measure 
mandated by Executive Order 812003 - and to comnercial users. 
The oomnercial requirement for space heating - 5.0% of total regional use - is 
considerably less than the residential - 11.1% - , primrily because the heat 
generated by lighting ard equipnent reduces a building's heating 
requirements. However, during the sumr these same sources of heat increase 
the space oooling requirement for the aamnercial secbr, accounting for 5.13% 
of the total regional electrical use. lb address this energy problem we 
initiated a project to develop and test a prototype solar-assisted absorption 
air conditioner sized for comnercial applications. fiis application of solar 



energy, unique in the Pacific Northwest and one of the first of its kind in 
the nation, is currently being evaluated by BPA in three different locations.'. 

. . . . 

Wherever possible, then, and where a project was determined to be feasible,' ..-: 
effort was directed at resolving a conservation problem of considerable : ' .  

magnitude. Another target problem was reducing the electrical energy "! ..I' : : :' 

requirement for heating water, shown below: " .  .. ., ... . 

Table 2. Requirement for Water Heating 

Use % of End Use to Share of % of Tbtal Use 
- Heat Water Total Use (% of End. Use x Share) 

Wsidential 22.0 
Cbrmrercial 1.4 
Industrial (approx. ) 2.0 

Tbtal % of Use: 

According to present BPA research data, replacement of conventional resistance 
element water heaters by heat pump or solar water heaters could bring about an 
estimated reduction of nearly one-half of electrical cansumption now devoted 
to this use. The 4.3 percent of total electrical consumption in the West 
Group area which could be saved by this hypothetical changeover from 
resistance heating is equal to 57,620 megawatthours, or the equivalent of the 
yearly electricity needs of approximately 340,000 homes. The magnitude of the 
potential benefit, along with the feasibility of the project, was decisive in 
testing a prototype heat punp water heater in BPA1s Midway Residential 
Oomnunity. 

Interest in energy conservation measures which displace electricity - such as 
solar space heating and solar water heating - led to the exploration of 
applications of alternative sources of energy that produce electricity. lfm 
such sources, solar cells and wind power, have been the focus of projects 
involving the Division of Substation and Oontrol Engineering. In cooperation 
with the Deparhnent of Energy, BPA has implemented a photovoltaic program to 
explore the potential of solar cells and a project to build and test three 
large Mod-2 wind generators. 

The selection process mnpleted, a n h r  of projects were initiated. These 
made up six major. groups. First was ,field testing of energy saving 
installations and equipnent at BPA1s Midway Substation residential comrmnity. 
Second was implementation of energy conservation measures in BPA1s own 
buildings. Third was research in passive solar energy applications. Eburth 
was the develapnent an3 testing of a prototype energy retrieval and active 
solar heating and cooling system. Fifth was the developnent of pilot project 
to manitor energy usage. Sixth was research in photovoltaic cell 
applications. Finally, there was field testing of wind generators. The mst 
extensive of these sub-program has been that involving the Midway Substation 
c m i t y .  The BPA-ed residences of the substation, located sane 35 miles 
northvest of Richland, Washington, provided an excellent site for a number of 
test projects. BPA1s mss Oontrol HMlse Substation facilities were to prwide 



means of testing a prototype energy retrieval and active solar system of 
interest to industry. BPA's buildings were another source of study: our 
goals were to exceed the requirements of Executive Order #12003, both in 
retrofitting existing buildings and in the design of new ones, such as the 
lass Cbnplex Cbnstruction Services Building, now in the preliminary design 
stage. In some cases, Bonneville invested in new facilities-for instance, 
wind generation units are being built and tested in the Gmdnoe Hills near 
Goldendale, Washington. 

Actual groundwork on the various projects selected began with installing 
equipnent and instruments-in the case of Midway oomnunity a miniature weather 
station--and means of relaying data to BPA's Portland, Oregon offices, e.g., 
through microwave transmission. Complter programs were designed to handle 
incoming data. In soa~le cases, following installation of data gathering 
equipnent , machinery had to be modified or designed, and, since same of these 
machines were prototypes, closely mitored for mechanical problems. BPA 
personnel had to be instructed in use of instrmnts and care of equipnent. 
Consultants and contractors had to be selected. 

By mid-1978 most projects were well underway, and.were to proceed at an uneven 
pace. As might be expected from the variety of its activities, ranging from 
straightforward testing of equipnent to study of caplex phenomena, energy 
conservation research and developnent had to be flexible and open-ended. 
Overall, energy conservation research and develapnent has beanne a slowly 
evolving, constantly changing endeavor alert to new technology on the one 
hand, and on the other constrained by its dedication to dinding practical, 
economical measures that prevent energy waste. 

Under current consideration are a variety of additional projects, many 
involving waste in residential energy use, such as the " m s e  Doctorn program. 
(diagnosis of sources of energy losses by trained technicians), home energy 
management systems, energy storage heating units, the heating-only heat pump, 
and the impact of attached greenhouses on energy use a d  daily conditions of 
living. Others under consideration have wider application--autmatic 
reduction of interior lighting, peak-load management, control of electric 
rmtors by the Nola m r  Factor Oontroller--or approach basic research, as in 
photrwoltaic applications. In all cases, selection of a project wLll have as 
an overriding determinant potential kilowatt and dollar savings. However, 
bulk potential benefits will be wighed with other, equally important 
factors: the feasibility of a project, the soundness of its methods, 
reliability of data, and long range signif icande of its results. mus, a 
project attacking waste in only a small part of overall regional.energy 
cansumption may be selected because of high prospects of success and because 
its results can be widely applied. For example, in the Northwest nuclear and 
cual-fired plants produce only a small part of electrical generation, but 
their energy waste is high: 



Lost in Lost in 
Cooling Tower Cooling Tower 

Electrical Stack 
Generation Losses 

Electrical 
Generation 

N-PLANTS COAL PLANTS 

Figure 2. Energy Ibss in Electrical Generation 

If it does not lower generation efficiency, retrieval of a portion of the 
energy now lost in cooling towers can be a substantial saving. The technology 
exists whereby waste heat can be utilized. Ftxthemre, energy retrieval 
techniques developed in this kind of project might well be applicable to other 
industrial situations. Here in this example, as elsewhere in our choice of 
projects, imnediate goals of reduced electrical use are balanced off with long 
range benefits and practical considerations of cost+ffectiveness of money and 
effort expended on a project. mus, BPA8s Division of Substation and Cbntrol 
Engineering is actively weighing a number of possibilities; their variety and 
scope attest to the dynamic character of its research and development program. 

It is because of this multiplicity of projects, their unique character, and 
their different stages of capletion that this interim report is divided into 
six major sections a d  describes progress under the follwing headings:. 

. . 

. Tests of conservation measures at Midway commity. 

. BPA1s internal energy audit and aonservation measures fulfilling 
Executive Order #12003. 

. . Research into passive solar energy applications. 



. Developnent and testing of energy retrieval and active solar-assisted 
heating and amling. 

. Developnent and testing of a system for monitoring industrial energy 
usage. 

. Research into photovoltaic applications. 

. Developnent a d  testing of wind generation units. 

Each section of this report, then, can be considered a separate description of 
the status of a particular sub-program. Where noted, there are individual 
technical reports on specific projects cmpleted, or are forthcoming on 
projects soon to be qleted. Tbese technical reports are available by 
request. 



Figure 3. Midway Camamity 

Research and d e v e m t  at BFA1s Midway Substrrtian residential mnmnity 
aa@rises a nmbm of test projects having k~ do w i t h  space condi t i anb~  
(heating and cooling) and water heating. Qmsenmtion measures have been 
talten to saye enerw in both areas, and Wts have been run, or are being run, 
on their e&zcrtiveness. 'Ihose projects having to do with space caditiming 
involve weatherization (irmlation, ventilation, stona windims and doors), a i r  
infiltration, and Bblm heating. 'Zhose projects concetned with water heating 
involve three kinds of ~ Q m a n t :  heat pnap, solar, and point-bf-use water 
heaters. 

Of the seven projects originally planned, three are substantially ccapleted. 
Testing of the energy saving and reliability of a heat pmp, water 
heater has &man that when in tmuble-free m a t i o n ,  the unit offers a 
48 petcRnt saving of e n e m  mnpared to that used by cnmentional resistance 
heaters. Results of the weatherization sWty suggest that installing storm 
doors and windxis is a more effective energy mzsenmtion measure than 
supplenmting existing insulatian. k study of air infiltration is m l e t e d ,  
and a report is currently being prepared. 

Projects wder amsideration for the future include. testinq a aoet4ffective 
means of reauCing a i ~  in f i l tga$ iq ,  akl4y of the pawes and raedies 0s. high 
or :- relative wdity in haaes, deyeXopnent of'' eamemial 8ohr ?eat 
swage,  q9aXmtion of passive sol1= energy &l;ectim by greenbuses 

0 w s .  



-ON AND BAcRcsIo 

Bonnwille Rmer Amninistration's Midway Substation Wsidential Oanrmnity has 
been the setting for a variety of energy ccmservation projects, primarily 
because it is a site offering unusual advantages for testing and an excellent 
situation in which to do a statistical hane energy study. A good many studies 
of residential energy use lack statistically valid results either because 
there are too few houses under study or the houses are geographically 
separated, with different envirora~ental influences acting upon them. Neither 
is the case with Midway. BUrthenmre, Midway has cmperative, knowledgeable 
=A p e r m 1  who have actively participated in experimentation and the 
monitoring it entails. Early in 1978 preliminary plans were made for 
selective alteration of 13 of the mmmity's 18 hmses, five being left as a 
wcontroln grcup in their original state. 

The design of investigation for the Midway program was provided by the staff 
of the Research Division, College of Wgineering, Washington State University, a 
Pullman, Washington, and has been hplenented in the projects underway. Ihe 
design of investigation is intended to avoid ptential problems of variances 
and statistical validity that caiLd impair results, and to provide a firm 
basis for the -am as a whole with consistency of method for the projects 
m i n g  it. * Underlying of research design =re twofold: to 
assess the effectiveness of established treatments to the houses (insulation, 
stonn windcrws, and the like); and to investigate treatments of a mre 
experimental nature (solar water heating, heat paap water heating, etc.) , the 
results of which may or may not be mt-effective, tut which can provide 
energy savings. 

once the design of research was established, and appropriate projects chosen, 
instrmentakion was installed and a data acquisition system inplenrented. In 
order to neasure specific clhtic ccnditions which warld affect much inaming 
data, a miniature pole-mmted weather station was installed: 



Figure 4. Pole+nmted Rather Station a t  Midway 

Kilawatt-hour meters wre installed, along w i t h  humidity sensors, timing 
dwices, tenperatwe sensors, and a nmber of flow meters, but because of 
heavy workloads on Midway perpxulel, oxnplicated by the effects  of ash fal lout  
fran the eruption of mt St. Helens, only the kilowatt-hour meters and, 
later, the humidity sensors were wired. 

lbe conplete data acquisition system mists  of 216 channels (12 per house) 
hard wired to a canprter terminal at Midway which transmits the l h i n u t e  
interval data to a central BPA anplter in  Brtland. The data are then 
forwarded to Washington State university i n  the form of 9-track data tapes £or 
analysis. Of the available 216 channels, however, only 76 were wired and 
available to relay data during the collection period which began i n  January 
1979. Addi t imal  sensors were wired in  October 1980 and there are now 133 
channels available, providing data for mch more detailed analysis. Analysis 
of the data collected thus far  and what results could be determined a t  the 



t h  were reported to BPA by Washington State miversity in July 1980. QI the 
whole, this report is the basis for the descriptions of the status of projects 
to follar. 

Data Requisition S y s t e m / m s ~ t a t i o n  

Because of cast amsideratians, a data -isition system was not designed 
specifically for the Midway program$ rather, an existing system was used, 
suitably lnodified for this particular application. Partly because of the 
linitatim of the system, and partly of the difficulties that caild 
be expected in maintaining and repairing equipaent in such a r w t e  lacationas 
Midway, there were houts and sapethes whole days when data were not 
available. Due to the specialized nature of equipnent-lnachinery itself ,  such 
as the prototype heat- water heaters, as well as i~~~trtnnents-expditious 
repair or adjustment caild not be done by local axltractors, nor by BPA 
personnel busy w i t h  their own tasks in  operatib the subetation. (h occasion, I 

the result was failure of a mechanical aarponent, with camequent loss or 
skewing of data. Sti l l ,  the system operated reliably aver 90 percent of the 
time, and, amsidering the nmaber of other variables that entered into final 
calculatians of results, its performame was mre than adequate. In 
retrospect, it appears do&Bl that the amsiderable expense of a 
custan-designed system would have been justified by slightly mre precise 
results: bretkbm of prototype machines no doubt vRJuld have still occurred, 
and the r-ss of the camunity would have still been a factor. 
Instmuentation was to be in  two ms, the f i r s t  in +ration by July 1978, 
the second by Oetcber 1980. hmg the f i r s t  installations was a weather 
station recording d i e n t  tenperahre, w i d  speed, wind direction, and mlar 
insolation. Seventy-two ibh meters, four per house, were installed to record 
measurements of space heating, space amling, water heating, and total use. 
Uter, four hunidity sensors were ins-. 'Ihe second phase of 
instrunentatian amzntrated on meawrring use of energy for heating water, and 
i n c W  tenperatwe sensors, ibh meters, and a nrnnber of flow meters (e.g., 
cold water inlet to hot water tank, &met lines, po in t~f -use  water 
heaters). W i t h  calibration channels, this instrumentation nau provides 133 
channels of inmaing data. 

Under the current research design by the College of mineering, Washington 
State miversity, projects. making up the Midway Progrim fal l  into two groups, 
those having to do with space conditioning and those having to do with water 
heating. Of the space coditioning grcup, weatherization and a i r  infiltration 
tests are ccnpleted in  their field wrk ard analysis. Technical reports are 
being written on each. 

Batherization: Using the five "axltrolN haases left in their origindl state 
as  a basis for ccnparison, the testing of weatherization measures taken on 13 
residences provided data for estimating the energy savings and 
cxmt-ef fectiveness of various treatments for the haneawner. 



W grarps of test homes were d i f i e d :  the f i r s t  group hzd existing 
insulation s ~ l e m e n t e d  only. Fibrous insulation was blom into attics tD a 
depth of abart seven inches, bringing then to a rating of R30: ventilation 
p t s  were installed in the roofs. Crawl space perimeter insulation was 
fiberglass batting with an Rl9 rating; a vapor barrier of sheet plastic was 
laid dam on the floor of houses having a crawl spaae rather than a fu l l  
basement. Caulking was d m e  *re the flmr joists joined the CanCrete 
fanrktion. Ihe s d  group of houses r e v e d  th i s  sam treatment, and, i n  
addition, was f i t ted  with storm windaws and daors. 

I _  . - - 

Pigure 5. Storm Windaw Installation 

mta were mllected for 12 m t h s  on the entire group of 18 h a r e s  before 
treatment to provide a basis for onpariaon. After the 13 hcuses were 
retrofitted, data were wllected between Decadw 15, 1979, and April 15, 
1980. Treated houses =re studied as a group and individually, since the 
living pattern of occupants could vary markedly fran house to house, with me 
family preferring a higher inside tenperature than another or using outside 
doors mre frequently than another. Nthenmre,  structural differences in 
the hmes, which were not all built a t  the same time, ana other variables had 
to be taken into account. 



Data were analyzed by two methods: measuring the rate at which an individual 
hause uses energy before and af ter  retrofitting, and aarparing the maan energy 
use of a grcup of similarly mudified houses. 'Ihe two methods yielded scamhat 
divergent results, probably due to the differences arising from the residents' 
living habits. men the results  of the two analyses were averaged, they 
shoved that added insulation alcme prcduced a 13.4% energy swings aver prior 
amamption, while added insulation plus stom winkws and doors p d d  a 
29% energy savilrgs over e lect r ic i ty  used before the houses were modified. 

An inportant goal of the weatherization work a t  Midway camunity is to 
determine the cost-effectiveness of the various weatherization treatments. 
Ime basic data for a N e t  Present Value analysis - installed cost and annual 
swings i n  kilowatt hours - are shown helm in  Table 3, which also provides 
dollar  savings on the basis of 3p! per M, currently typical in  the Pacific 
North-t. The figures represent the average investment and swing per house. 

Table 3. Investmmt i n  Wzatherization Measures a t  Midway 

arergysrming 
Measure 

Installed Annual Value of Wer 
s!?& Savings saved, a t  

i n  ~WI 

M e d  Insulation plus 
stom winaavs and Dmrs $4,023 

m e d  Insulation Chly $1,860 3059 $ 91.77 

Storm Wi- and $2,163 3517 $107.13 
Dmrs Olly 

The installed costs of the mdifications - cost of materials + equipnent + 
installation - ran umammly high, primarily because of the mmte lccatim 
of Midmy (37 miles frau the nearest sizeable town). IBtimates for similar 
modifications, had they been done i n  Pullman, Washington, ran 40% less than 
the costs incurred at Midway. In practice, however, many hanmwners 
weatherize their o m  haues, or do a substantial part  of i t . U l v e s .  -re a 
haneowner to weatherize h i s  h u e  himself, h i s  investment might run a s  low a s  
25% of the instdlled costs a t  Midway. 

Preliminary analysis indicates that the energy saving measures of Table 3 are 
cost-effective, hut it should be pointed out that such a determination cannot 
praperly be male by the sinplistic procedure of dividing installed cost by 
first-year savings. Rather, it is necessary to make reasonable assumptions 
for such items as electrical energy cost, escalation rate of electrical energy 
cost, general inflation rate, interest rate (discount rate), lifetimes, 
salvage values, maintenance costs, and then perfom a Net Present Value 
analysis to firrl the rate of return on investment. A detailed analysis of the 
cast-effectivenew of weatherization measures is to be included i n  the 
Technical Reprt on wzatherization studies at Midway, to be available 
June 1981. 



Another goal of the Midway weatherization project is to determine the effects 
of house tightening on the envirannent within a reside-. Increase in 
hddi ty ,  for exanple, may create di8can€ort for the cccupants of a h e .  Rut 
even more -rent is the question of k m  weatherization masures affect the 
quality of the air inside a house. 'Ib answer this questih, the Nzdmical 
Section, in coaperatim w i t h  Lawrence Berkeley Laboratory, w i l l  monitor the 
indoor quality of the Midway houses during 1981. 

Air Infiltration: Another test project of the space conditioning, or heating 
and cooling, group of energy ccnservation studies a t  Midway camunity 
concerned air infiltration, or the passage of cold air into a house through 
cracks, holes for p ld ing  or wiring, and the like. Since air infiltration is 
a phenmmm which has mly recently attracted the attentim of researchers, 
and since structures vary widely in their methods of constructian, quality of 
wortananship, and materials, this project was ansidered to be claser to 
primary research than to practical application. While it has been known for a 
long time that air infiltration losses of heat are a significant part of the 
total energy loas of buildings, understanding of the factors involved is less 
than anplete. It is only recently that satisfactory methods for measuring 
air  infiltration losses have been develqd, and as for measuring actual 
energy losses, l i t t le  mrk on methods of measuranent has been ampleted. 
Ihus, rmch of this project has been amcerned with these fmhnental problems, 
as well as with questions of cost-effectiveness of "house tightening" measures. 

Wsting consisted mainly of measuring air infiltration before and after 
modificatians (added insulation, caulking, stom w$ndows and doors, etc.) 
which could be expected to "tighten" a house. 'Ihe primary technique for 
measuring the effects of these modifications is to install a reversible, 
variable speed blower mted in an expadable door that replaces the entry 
door of the house and is taped a t  the joints to eliminate drafts. * 
installation is Bhawn m the following page: 



Figure 6. Blower W r  Installation 

An irdication of ntightnessn is obtained by recording the blower's speed while 
the house is being pressurized or depressurized, and the pressure differ- 
between inside and outside. %his test procedure was augmented by "smke 
testsn and infrared scanning to pinpoint significant heat leaks or points of 
infiltration of cold air. 18 test houses were thus measured before and 
after mcdifications. * 



Figure 7. Infrared Scanning for A i r  Infiltration 

Testing was done by Dr. David Grimsrud and h is  assistants fran the Lawrence 
Berkeley Laboratory, Berkeley, California. Pre-ncdification mzasurements of 
infiltration were taken fran September 4 to September 6, 1979. Ipesults were 
forwarded to BPA a September 28, 1979. Measurements of a i r  leakage in  
mcdified hxses were taken fran May 13 to May 15, 1980, again, by p e r m 1  of 
the Lawrence Berkeley Laboratory. 

Results were -ed with those measurements taken before retrofitting. As 
expected, there was no significant change in  the mount of air M i l t r a t i o n  in 
the five houses l e f t  untreated as a "controlm group. And surprisingly, there 
was almost no reduction in air infiltration in those houses with aWed 
insulation mly. But in the houses retrofitted with added insulation and 
storm windDws and doors, there was an 18% reduction in air infiltration. 
%us, the results of not only the Weatherization project but the Air 
Infiltration project as w e l l  clearly suggest that the addition of storm 
w i r d u v s  and doors can be a significant enerqy cansemtion measure for the 
homeowner. 



But wen mire significantly, the techniques used in  the Afr Infiltration 
project were able to traae the arxlrces of a i r  infiltration in the houses a t  
Midway. (2lce leaks and bypassemad in i t  cold a i r  into a house have been 
identified, the house can be "tightenedn to reduoe energy lasses even mre. 
Systematic a i q u e s ,  sanetimes called %oust! doctorn procedures, need to be 
developed and tested, and to this end a Tightening project is planned 
for Midway during EY 1981. 

Solar Heating With Storacle: Another test project associated with the space 
d i t i c m i n g  group of mservation studies a t  Midway concerns a systen with an 
outer wall-munted solar heating unit associated with a heat storage box. Of 
considerable interest is the potential of such heat storage systens for load- 
leveling, the reduction of the paver load of a swlier during hcurs of p a k  
8emand. mile solar systems utilizing heat storage have not had widespread 
application, amercia l ly  marketed units are currently available, and the 
project should ultimately help to determine the energy savings afforded by 
such a system and the problems, i f  any, associated with its installation. 
Fully mitored operation began October 1980. 

BRprising s ix  f l a t  plate solar collectors mxmted on and parallel to the 
outer south wall of tknme 119, and taking up about 8 feet x 20 feet of wall 
space, the solar system uses a i r  rather than water as a rnediun of heat 
transfer. Heated a i r  collected by the plates is sqplied by a fan, with 
daarpers and controls, to the house in various modes of utilizaticm. D i r e c t  
solar space heating is provided by broed a i r  duct; a 10 kilowatt resistance 
heater is installed in the duct as partial supplement to energy supplied by 
the solar collectors, or, in times of no solar radiation, as the primary heat 
source for the house. %en space heating demand has been met, solar energy is 
used to heat water; solar energy in excess of these demands is stored in  
"traysn of phase-change salt antdined in a box in  the basement of the house, 
to be r e l e a d  upon need for spas heating. Ihe collectors and the installed 
heat storage unit and fan system are sham below: 

Figure 8. W a l l ~ u n t e d  Solar Collector Array 



Figure 9. Solar Heating System with Storage 

The major part of the system was installed in Debember, 1979; storage trays 
were installed in February, 1980. Data have been colLm@d on the total 
energy use of the system. Fully m i b r e d  cperatfan began in October 1980, 
with data to be coI&a&d until the end of September 1981, after which a final 
report w i l l  be written. 



Water Beating Projects 

Figure 10. Beat Punp Water Beater ImtaUed 

S t i l l  largely in  the d a t a - ~ ~ l l e c t i o n  stage, the Midway projects involving 
water heating have not progressed to the point of analysis by the primary 
investigators, the Research Division of the Oollege of mineering, Washingta, 
State miversity, althaugh a BPA study of one of the projects has been 
caapleted. 'Ihe three projects i n  this group are those testing the heat pnrp 
water heater, various kinds of solar water heaters, and point-of-use 
resistance heaters. 

The Heat Pms Water Heater: The Mechanical Section of the Division of 
Substation and Cbntrol mineering participated in the testing of five 
prototype heat pnp water heaters, a project which served a national program 
aonducted by the Depmiment of Fhergy as w e l l  as the Midway st*. Five 
w%mcorw heat pnp heaters were purchased by Bolrneville PDwer W n i s t r a t i m  
for testing a t  Midmy. Testing of the prototype units, manufachved by Pnergy 
Utilization Systems, Inc. of Pittsburgh, Pennsylvania, was chiefly to evaluate 
this mode of heating as part of the total Midway Progran. Hwever, evaluation 
of the reliabil i ty of the units themelves became a further goal because BPA 
participated in  a naticml testing progran of 100 of the units -red by 
the Department of m r g y .  This aspect of the heat pnrp water 
heater--emluation of reliabil i ty and of performame of a prototype uni t -has  
been mtpleted, and a technical report of findings published by BPA. Further 



testing and cmparison with other modes of water heating are continuing as 
part of Washington State University's study of water heating at Midway. 

In general, a heat pump water heater works much like 'an air condi timer, 
except that it pumps heat from the surrounding air into a hot water tank 
rather than outdoors; it can draw heat fr~n such areas as basement, garage.or 
utility rocan. In the case of the particular unit tested, cm@onents 
(carpressor, evaporator, fan, etc.) are encased in a circular housing which is 
either inaorpdrated into a unitized water tank-heat pmrp or fitted to the top 
of an existing water heater. m e  "lkmmrn unit used in the Midway tests is of 
the latter variety. Its configuration is shown belaw: 

Figure 11. m e  "lkmmrn Heat PLrmp Water Heater 

The tests of reliability and overall performance of the prototype "Temoorn 
heat pump water heater showed somewhat mixed results. Both unitized and 
retrofitted units were tested over an eight-month period, and both kinds of 
prototype units showed mechanical failures or problem requiring repair, 



sanetimes modification. &liability, then, was difficult to assess, the more 
so because the units were prototypes. Overall performance-was affected by 
unreliable operation. Depending upon h w  performance was measured, the units 
showed promise of considerable energy saving--close to that of an Oak Ridge 
National Laboratory simulated model. m e  heat pump water heater was evaluated 
in terms of the ooef f icient of performance (COP) , the ratio betwen output and 
input, or heated water cdng from the tank and heat supplied to the tank. 
The table belaw sumnarized three measurements of COP and the percent of energy 
savings they represent:. 

Table 4. Heat Pump Water Heater Test &sults 

COP - Energy Savings 

Eight-month Midway Comnunity tests (average) 1.35 23% 
Normal, Trouble-Free Operation, Midway 1.9 48% 
Oak Ridge National Laboratory W e 1  2.1 50% 

When free of the mechanical problems to be expected with prototype equipwnt, 
the units achieved a high ooefficient of performance and a high 'percent of 
energy saved in amparison with the conventional electrical resistance 
heater. Furthemre, initial cost of the heat pump water heater is about 
one-third the cost of a solar-powered heater. For further details see the 
published Technical Interim Report, Midway - Ihgne Ehergy Oonservation Project: 
m e  Heat -Water Heater. -- 
Promising as these limited results are, they do not present the total picture 
of heat prmp water heater operation in a family enviro~ment. Interior heat of 
sane kind is drawn by the heat pump to supply the water heater tank; where 
this heat souroe canes £ran and how much is drawn may have significant impact 
on the overall energy use of a household. Since the Department of 
Energy-sponsored test focused on the prototype unit in isolation £ran such 
factors, it cannot be said to represent operation of the heat pump water 
heater fully. For this reason, and for reasons of full canparison of various 
kinds of water heating, the project is being continued as part of the 
Washington State University study of Midway energy conservation measures. 

Solar Water Heating Systems: In addition to studying various modes of heating 
water, the researchers of Washington State University and of Bonneville Rwer 
Mministration were interested in comparative analyses of different kinds of 
solar system and their performance. Rather than one solar water heating 
system to be ccanpared to heat punp and point-of-use water heating, five 
different solar systems have been installed at Midway. Wiring of the 
instrumentation to the amputer was completed during October 1980, and data 
will be gathered on the performance of the systems to determine their 
comparation energy savings and cost-effectiveness. The remainder of this 
d'iscussion, then, will describe each of the five systems. 

The first solar system has three flat plate collectors mounted on and parallel 
to the south side of the roof. The heat transfer medium is water. When fluid 
temperature drops close to freezing;an air compressor is activated to "blw 
down" the water fran the collector panels and piping into a storage tank. 



t. 

After correction of an initial difficulty with the "blowdown" operation, the 
system has operated satisfactorily. 

m e  second solar water heating system is similar to the first. It has two 
flat plate collectors mounted on and parallel to the south side of the roof; 
its heat transfer medium is water also. But instead of a blowdown of water to 
tank to prevent its freezing, there is a "draindown" of the water from 
collectors and piping to a waste dmrq?. m e  water is replenished autanatically 
when there is no longer any danger of freezing.me third kind of system has 
three flat plate collectors mounted on and parallel to the south side of the 
roof. Its heat transfer medium is "antifreeze," which circulates through 
collectors and a heat exchange tank. 

The fourth solar system has an array of two vacuum tube collectors, mounted 
vertically on the exterior south wall of the house,. It uses "antifreeze" as a 

• heat transfer medium. 

The last solar water heating system is also wall-munted, but uses air as a 
heat transfer medium, and circulates the air by fan equipped with damper and 
controls. !We system also heats space and stores heat. It has been described 
earlier in this report (see Solar Heating With Storage, page 18). 

m e  various solar water heaters have had no significant operational problems. 
Data currently being gathered on their performance will be ana1yzed.b 
determine if, as estimated, such solar systems can bring about a reduction of 
fifty percent in the energy used to heat water by conventional electrical 
resistance units. Work on the project is scheduled to be ampleted in 
March 1982, with a technical report to follow. 

Ebint-Of-Use Water Heaters: Another mode of water heating to be under study 
soon is point-of-use, or post-heating of water already heated by a 
conventional electrical resistance element. m e  point-of-use units are rated 
at 4,600 watts at 220 volts, and can raise water 31' F. (3/8 inch line, water 
at 60 pounds per square inch). Since point-of-use heating all- the main 
water tank temperature to be turned down to 110° F., measurement will be of 
total energy saving, if any, by reducing tank losses. 

Units are installed under the kitchen sink in the hot water line since their 
main use will be in dishwashing; the electric dishwashers at Midway are of the 
portable type, attached to the kitchen sink hot water faucet. Instrumentation 
is installed, and data gathering began October 1980, with analysis and 
technical report scheduled for January 1982. 

a 
The studies of energy conservation in the Midway Substation residential 
comrmnity are varied and rich in potential contribution to theory and 
application. In the table below the various projects are indicated in terms 

i of actual installation of energy conservation measures: 



Table 5. Wifications of Midway Residences 

Number of Houses 

Increase of insulation level .- 6 

I Insulation plus storm windows and doors 7 

I Heat p~mp? water heater installed 5 

Solar.water heater installed 

Point*£+ water heater installed 

I 
I Overall, studies on space heating are nearing o~npletion or are canpleted; 

studies on water heating are still in progress, with their most important 
results to appear in 1981. 

Meanwhile, the Midway program has generated a number of lines of potential 
research and develapnent. The most promising of these are currently under 
cansideration: 

o House Tightening Project-study of corrective measures for tightening 
houses against heat hoss. 

o Heating-Only Heat -valuation of effectiveness of a heating-nly 
heat pmrp for the Pacific Northwest. 

o Hane Energy Storage-evaluation of energy storage unit in a haw and 
measurement of its effectiveness in load management. 

'o Passive Solar Energy Collection by Greenhouse-*valuation of 
greenhouses, a t r i ~ ,  or "sunspaoes" as mllection devices, as well as 
architectural enhancements. 

Whether these particular or other projects are chosen will, of course, depend 
upon oanplex factors and priorities of funding. But it wuld appear that 
Midway oomrmnity will continue to be a unique living 1aboratory.mtributing 
to the wider meds of energy oonservation in the Pacific Northwest and the 

, nation. 



BCMNEVILtE POWER ACMINISTRATION'S 
-- 

I- E2&RGY AUDIT AND 03WXVATIm MEASUHES 
UNIER EWXXTIW ORDER a12003 

On July 20, 1977, President Carter signed Executive Order #12003, in which he 
called for conservation measures to be implemented to reduce energy usage in 
Federal buildings. Concerned with savings in fuel for ambustion engines as 
well as energy consumption in structures, Executive Order a12003 used the 
President's pawers under the Motor Vehicle Information and Cost Savings Act 
and the Federal Property and Administrative Services Act of 1949 to mandate an 
eight-year plan for energy conservation through a wide variety of measures. 
Those structures mentioned in the Order which applied to BPA were off ice 
buildings and storage facilities, but leeway was left to include such other 
structures as was deemed appropriate. 'Ihus, Bonneville's interpretation of 
structures to be modified for energy efficiency could be broader than the 
Order's stipllation of buildings "more than 5000" gross square feet of space, 
and more inclusive, even, than the Department of Energy's later stipulation . 

that buildings of over 1000 gross square feet of space be audited and 
modified, if needed, to conserve energy. All BPA awned buildings of over 1000 
square feet of space (205 structures) underwnt an energy audit, and smaller 
buildings (480 structures) also are being retrofitted with energy saving 
equipnent . 
Moreover, the Executive Order's conservation goals of 20% reductim in energy 
use from 1975 levels for existing building, and 45% reduction for new 
structures, were considered minimal-a starting point rather than an outer . 
limit of our conservation efforts. While same buildings, due to their 
construction, could be economically retrofitted, that is, modified or their 
equipnent altered, to achieve only a 10% energy saving ccanpared to their 
energy consumption in 1975, others could be retrofitted to accmplish as much 
as 45% energy saving. Currently, BPA has achieved well over a 20% average 
with buildings over 1000 square feet space that have been retrofitted. Ehergy 
savings with its more numerous smaller structures are also estimated to be 
well over 20%, but have yet to be calculated precisely. Our new buildings will 
ex& the energy conservation requirements of the Excutive Order by a 
subtantial margin. Finally, Executive Order a12003 mandates an eight-year 
plan to achieve its goals; BPA will have achieved or surpassed these goals in 
six years for all of its existing buildings. 

AUDIT OF ENERGY USE 

One of the requirements of E.O. a12003 was to d u c t  preliminary audits of 
energy use in existing.buildings to determine the size of the building, energy 
use level and major energy using systems. mese audits were to be followed by 
,a detailed survey to assess energy consumption and determine potential areas 
of conservation. Since BPA staff had reaxds providing much of the 
information needed for audits, they were able to m i n e  the audit and surey 
steps, thus reducing personnel time and costs. m e  survey included auditing 
ard analysis of loads; analysis was done by computer modeling techniques since 
most BPA buildings do not have their energy consumption metered individually. 



Staff of the Division of Substation and Control Engineering prepared survey 
checklists and forms, and trained personnel of Operations and Maintenance in 
their use. On-site inspection of BPA structures was conducted during the 
period March 1, 1978 to October 1, 1979. Inspection oonsiseed of actual 
observation of a building, including consultation.of its architectural 
drawings where necessary; interview of its occmnts as to use and work 
patterns; location of problem areas of energy use; and canpiling of results of 
inspection inb a sunvnary report. 

Results of field inspection were then canpiled and used to model each building 
by means of mputer simulation. Energy use in BPA's buildings was modeled 
through aomputer programs available £ram Energy Management Services of 
mrtland, Oregon. This simulation-modeling allowed for ranking buildings 
according to their energy efficiency and for clear indication of the most 
productive conservation measures that could be implemented in each case. The 
most energy-inefficient buildings, then, were targeted for retrofitting first. • 
The criteria by which specific aonservation treatments were ranked are as 
follaws : 

1. Energy saving in relation to dollars invested over the life of the 
building. 

2. Energy saving in relation to dollars invested per year. 
3. Payback period, in mnilisaounted dollar return. 
4. Payback period, in discounted dollar return. 
5. Ratio of dollar savings to dollars invested. 

These criteria are cmpatible with the Executive Order's requirement that 
agencies improve buildings in a manner oqnsistent with standards established 
by the Director of the Office of Management and Budget, and set out in OMB 
C.ircular A-94.* All in all, the BPA approach was to single out the least 
energy efficient buildings; to focus on the most cost-effective improvements 
that could be made to them, and to give implementation of these improvements 
first priority. 

ENERGY OONSERVATION MEASURES 
TAKEN AND TO BE TAKEN 

As a result of its preliminary energy audits, BPA initiated a retrofit 
program, with the first nine oontracts issued,in October, 1978. Since each 
building has unique structural features, retrofitting was to proceed 
unevenly. S ~ n e  buildings required only added insulation to reduce heat loss; 
others required modification of heating and air conditioning equipnent; others 
required only more efficient thermostats. Whatever was cost-effective and 
available on the market was used, as long as the measure produced quantifiable 
savings in energy of significant magnitude. As of nuw, 38 of Bomeville Prrwer 
Administration's buildings over 1000 square feet have undergone various kinds 

* BPA used discounting guidelines set down by the Water Resources Council 
.rather than those of Circular A-94. 



of retrofitting, including added insulation, replacement of heating and air 
conditioning equipnent, eatherstripping, and installation of "spring timer" 
or clock-regulated setback thermostats which reduce heating energy by 
maintaining a mler building, usually at times when the building is 
unoccupied. Although not required by Executive Order #12003, conservation 
measures have also been undertaken for smaller buildings as ell. 

Most of the measures taken on the 38 buildings that have undergone 
retrofitting, and on the approximately 165 buildings to be retrofitted within 
the next three years, are standard practices utilizing available materials, 
equipnent, and technology. Others are innovative, and apply mainly to new 
building design, while still others are undergoing research and developnent to 
find more effective means of reducing wasted energy in day-to-day operations-- 
for instance, use of solar driven absorption chillers for cooling (see next 
section of this report). Innovation and use of "state-of-the-art" 
developnents in the fiela of energy conservation, however, have not been 
primary goals of this program. Rather, they have been by-products of an 
effort subject always to requirements of cost-effectiveness and to the 
greatest energy savings for each dollar expended. 

In calculating savings, total dollar expenditure for a particular retrofitting 

0 is not neoessarily an indication of effectiveness. Energy oonservation 
measures planned for the Dittmer Building, Vancouver, Washington-a structure 
of nearly 130,000 square feet mntaining the amputerized mntrol and load 
management system of BPA--call for an investment of some $440,000, primarily 
for installing a heat recovery chiller in the air conditioning system. By 
contrast, installation of setback thermostats in a number of small buildings 
has cost betwen $150 and $500 per building. While the savings predicted from 
the Dittmer retrofit are very large when =,ed with those available from a 
single thermostat change in a smaller building, the collective energy savings 
brought about by use of the thermostats has been,more substantial than their 
l w  co6t would suggest. Any modification of an existing building is 
determined by energy conservation aompared to dollar amounts invested, meaning 
that each measure taken must produce substantial dollar savings in the form of 
lower energy use. 

ENEEEGY CONSERVATION MEASURES 
PIANNED FOR N.Ew BUILDMGS 

As with determining specific energy conservation measures in retrofitting 
existing buildings, nesJ construction for Bmeville Pawer Administration must 
meet or exceed the standards set down in Executive Order a12003 and in the 
National Ehergy Conservation Policy Act, while being cost-effective. 
Cost-effectiveness is measured by a discounted "pay-backn period, usually a 
maximum of 10 years, during which time the value of the energy savings must be 
equal or larger than the amount invested for each particular conservation 
feature. Executive Order a12003 required that design of new buildings shall 
have as a goal "a reduction of 45 percent in the annual energy requirements 
per gross square foot of floor area in 1975". 

Calculations of actual energy requirements are based on the consumption of 
energy by an "Assumed Average Building" in 1975, determined by the General 
Services Administration (GSA) to be 37 kWh/s.ft./yr. Ebr purposes of 



canparison, such a building is arbitrarily rated as 0 percent energy 
efficient. Ibequirements for new amnercial buildings set by the American 
Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) in 
their Standard 90-70 include a reduction in energy mnswnption of 36 percent, 
or 23.6 kWh/sq. ft./yr. The General Services Administration has called for a 
reduction in energy use of 60 percent in its new buildings. When cost- 
effective criteria can be met, design godls for BPA's new buildings are to 
exceed this level of energy efficiency. 

Because of the considerable number of its buildings. (205 are over 1000 ET2 
in size) and the great variety of their structural characteristics, BPA's 
energy conservation measures taken in response to Executive Order a12003 are 
difficult to smarize. The mrk of retrofitting is currently underway on 
sane structures, with funds allocated for improvement of scane others. Even 
where work has been oanpleted there is often insufficient history of energy 
use after retrofitting to quantify effectiveness with reasonable certainty- 
performance over one heating season, for instance, may or may not be 
representative of energy efficiency for heating in the future. In general, 
haever, conservation measures have significantly exceeded 20% energy savings 
over energy amsumption of the "1975 buildingn, in individual structures, 
achieving as high as 40-55% saving in buildings with 8-hour-perilay use and 
for structures occupied intermittently, considerably less for buildings used 
24 hours per day. With only 19% of its buildings retrofitted, BPA has already 
achieved a level of 6.5% energy savings in its buildings overall. As 
accurately as it can be smarized, BPA's progress to date and future 
projections of its internal energy conservation are shown graphically on the 
following page: 



I- Audit & Preparation Phase - I- Design & Retrofit phase.-( 
35 

30 - 

25 - 

20 - 

15 - 

Figure 12. BPA Ehergy Savings Compared to Goals of Executive Order #I20003 

While predictions beyond 1983 cannot be made with much certainty, it can be 
expected that Bonneville Power Administration will oontinue to pursue its high 
goals of energy oonservation, oonsistent with its position as a leader in the 
field and its responsiveness to regional and national needs. 



PASSlVE SOLAR APPLICATIONS IN AFcHITDcTm3 

Closely related to Bonneville Pawer Administratipn's response to Executive 
Order a12003 is work in passive solar applications in architectural design. 
Whereas the retrofitting and energy efficient design of BPA1s buildings use a 
variety of conservation measures, passive solar applications constitute a 
somewhat special category of techniques whose overall aim is the siting and 
construction of a building so as to take full advantage of natural, low cost 
sources of energy. Passive solar applications are not added to a building, 
but rather are parts of its essential mncept as a structure and a working or 
living environment. 

Involvement of the Division.of Substation Oontrol and Engineering in passive 
solar applications agnes about because much of the design of BPA1s awn 
buildings is done by the Division's Architectural Section. In achieving 
energy efficiency the staff of the Architectural Section has studied a variety 
of solar applications and, wherever cast justified, has included them in 
design.. Of these, sum of the most cost effective are careful use of site, 
orientation of the building, and inclusion of structural features that can 
lead to long-range energy savings applications. !the work of the Architectural 
Section complements that of another BPA unit, the Branch of Energy 
Canservation, which fosters implementation of energy conservation practices in 
construction generally. Passive solar applications in BPA' s buildings, then, 
are not only denpwtrations of BPA oomnitment to energy conservation, they are 
embodiments of design concepts that may have far-reaching impact on 
construction practices in the Pacific Northwest. 

PASs'IVE SOLAR APPLICATIONS 

Tb date the only application of passive solar principles in a BPA building has 
been in the Reeler lvhintenance Headquarters, near Hillsboro, Oregon. The 
building houses power system control and system protection maintenance shops 
and offices, along with other substation shops and facilities. Out of the 
total building (4,040 square feet of floor spa=), an area of 1,290 square 
feet used for office and workshop space was selected as appropriate for 
passive solar applications. These include use of direct heat gain through 
south-facing windm and roof-munted clerestory wiladows, shown on the next 
page : 



Figure U. Keeler Mintenam3 Headquarters 

Sunlight passing through these windows strikes tm interior thermal storage 
walls which absorb heat during the day and release it slavly a t  night. 
Su~plmental  heat to the space is provided by a heat-. 'Ihe Mechanical 
Section of the Division of Substation and Control mineer ing  w i l l  mitor the 
energy usage of the building during the heating season to determine the 
effectiveness of the onservation measures. 

Prqxsd passive solar application projects include the study of greenhouses 
attached to residences (Midimy Contnunity) and deve-t of design c r i te r ia  
£or optimal energy efficient  use of site, landscaping, use of indoor spa-, 
windcw location, heat gain storage, and other structural features. 'Ihe 
Architectural Section w i l l  also be participating in design aspects of BPA's 
planned m r g y  Efficient Passive Solar Rane Construction Pi lot  Program. 

mlatively young as an area of BPA1s research and deveLopaent i n  energy 
caservation, study d awlioation of passive solar techniques i n  building 
design is growing as  a necessary part of the ef.fort to achieve high energy 
efficiency i n  structures. lhough rmch can be accm@lished by retrofi t t ing 
existing buildings, ideally a building should be sited and constructed SJ as 
to u t i l i ze  renewable, Low aost sources of erpergy and to take advantage of a 
particular physical envirament. mrk  on passive solar awlications is 
directed tmmd th is  godl. 



The Active Solar Systenm and Energy Retrieval Progrm m i s t s  of three 
projects, ore m waste heat retrieval augmented by solar energy-assisted space 
cooling, now ampleted, and two on active solar energy utilization £or space 
heating and -ling. Ihe original project £ocused on using waste energy fmn 
a large transformer to heat a control house and on using solar ~ ) l b & o r s  to 
drive an absorption air conditicner, or chiller, for cooling the control 
Bwse. Out of this project-Prototype Energy Retrieval and Solar (WRS) 
Systwrew two others which oarcentrated on solar-assisted absorption 
amling. These are located in a manufacturing plant in Tyler, Tkxas, and in 
BPA's Big Eddytatim; their prototype systenm are currently undergoing 
evaluation, to be m e t e d  in January and Jme 1981, respectively. Funding 
for the PEW System was provided by BPA. Ihe other two projects are sponsored 
in part by the Department of Energy. 

CF AND TESTING 

During 1975-1976, mder amtract to BgA, the Mechanical Engineering Department 
of Oregon State University investigated the remvery of waste heat energy fran 
trans£onners. The final rep3rt of October 1976 p~oposed several alternative 
systems, ill~arg them waste energy retriwal by means of a heat prnp with solar 
assisted heating and solar absorption amling. Design and implementatim of 
such a system was cxntracted to Carrier Corpration, which developed a 
prototype for =A's Wlss Substation Control House in Vanoxver, Washington. 
Installatim of the Prototype Energy Retrieval and Solar (PEG) System was 
ampleted in Jme 1978. Contracts for a one-year evaluation of the system 



were let to Or- State University and Carrier Corporation; their reports 
were suhnitted on October 13, 1979, and January 1, 1980, respectively. 

0 rnaluaticn of the PEW System by OSU and Carrier Corporation indicated that 
the air-Wter heat punp reamering waste heat energy had better perfonwm 
than a typical air-to-air heat pmp; hcwever, overall performance of the waste 
heat retrieval system fell short of expectations, primarily because the top 

tenperatme rise, the difference between the transformer oil temperature 
that of the anbient air, of the transfonner was not high emugh for 
icient waste heat recovery. Bauever, the PlWS absorpticn chiller performed . TIy performane goal for it at the outset of testing was a Coefficient 
Perf- (CB) of 0.70 at an entering collector fluid temperature of . During evaluation the chiller operated with a OCB ranging frau 0.60 to 

even at relatively lau collector fluid tmperatures. 
- .  

< ' 
on these findings, modifications m e  made in the design of the 

#ahsorpticn chiller. W units were subsequently installed at Tyler, Texas, 
=A's Big Substation, The Dalles, Oregon. A major feature of these 
units is fat-led, unitized packaging, which reduces installation 

,time and a t  and improves quality aontrol, thus e~~uraging future canaercial -'>I= 
- ~',*velgmMt. 

8 ' -  
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The three projects included in the Active Solar Systems Program are each at 
different stages of develgm~t. Ihe first stage of the WRS project has been 
corapleted; modifications and additimal testing of the system have been 
p r w  for W 1981. Ihe t w u  other projects, focusing solar energy-assisted 
absorption awling, are currently underway and are scheduled for ccmpletion in 
January I981 and June 1981. Ihe PEW project is described N l y  in a separate 
Technical Report, The Prototype Bergy Retrieval and Solar (PEW) System. 

PladdYPemAND-(PEW) SYSlw 

plrpose of the project was to denonstrate the feasibility of 
transfonner waste heat and of using solar collectors to drive an 
chiller for heating and cooling a substaticn control house. W 
protntype ecplipaent were developed: a heat pmp to recover thermal 
the cooling oil of a power transfonner, and an atsorption machine, 
powered by solar collectors to cool the building. Whether 
waste thermal energy or solar energy, the PEW System has 
two modes of operation, heating and cooling. The ca~@nents of 

system, hawever, operate in different cambinations for each made. 

During the winter waste heat generated by the transformer - enough energy to 
heat the Control muse - is picked rp by the cooling oil circulated through 
the transformer and is rejected through air-cooled radiators. An evaporator 
coil mounted in the heated air streaa transfers heat to the refrigerant in the 
heat pnp ampressor. Heat created by the ompressor is transferred to a 
stremi of water in the aadenser. This heated water is then pmped through a 
m t i c n a l  fan coil unit for spce heating. 



Figure 15. Transformer w i t h  ODoling O i l  Coils and Evaporator Coils 

Although not specified i n  the wntract with Carrier Corporation, a solar 
heating mcde was integrated into the systen. h thermal energy £ran the 
transformer falls below a predetedned level, water fran a storage tank 
heated by the solar collaztors can be gmped directly into the fan coil unit 

0 

of the system to s ~ l y  heat to the wntrol house. 

During the srramer, vacwa-insulated tubular solar collectors supply heated 
water to drive a 15-tan capacity l i thiwbranide absorption a i r  d i t i o n e r .  
When the solar-heated water reaches 1800F, the abmption chiller starts up, 
chilling water which is g m p d  into a storage tank. This chilled water is 
then pmped to a heat exchanger located in  a fan coi l  unit, directly cooling 
the air distributed thrcu@ ductwork to the Control Bouse. The absorption 
chiller is shown on the follawing page: 



Figure 16. TLhe PERS Absorptim Ch i l l e r  

In aa i t ion ,  o l i n g  to the space can also be provided by the heat pmp 
systea. If the storage tank t-rature is not lcm enough, the water can be 
routed fraa the storage tank through the heat p u p  evaporator before going to 
the fan mil  unit. 

Separate waluaticns by Oregon State University and Energy System Divisicn of 
Carrier Corporation £and that the heat pmp used b reaver waste t h e m  
energy fran the transformer had better performance than that of a typical 
air-to-air heat plop, but that modifications muld be needed in the aoupling 
between the transformer oil and refrigerant to recwer significant aWlmtS of 
waste energy. Measurerent was in  tenas of aoefficient of performance for 
heating (m), arrived at by dividing the heating of sparz, or outgut, by the 
overall electrical energy inplt delivered to the heat pmp. W i n g  the 



two-week winter test period the unit operated with an average CQP of 2.75, as 
ampared with the anticipated design goal of 4.6, primarily because the top 
oil terature rise (the difference between the ambient air temperature and 
the transformer oil tanperature) was not mnsistently high enough for 
efficient waste heat recovery. 

'I& performance of the absorption chiller was evaluated during August 1978, 
and was expressed in tenns of cooling capacity and aoefficient of performane 
for cooling (COP). Oooling capacity is the cooling prwided to the storage 
tank; OX is capacity divided by the rate of energy decrease in the collector 
fluid going through the generator of the chiller. CQP during the evaluation 
period ranged £ran 0.60 to 0.73, which canpared favorably with the design goal 
of 0.70. Cooling capacity rangd fran 28 to 49 kW (8 to 14 tons). Data cited 
above are £ran the Oregon State University evaluation; similar results were 
arrived at by the Energy Systems Division of Carrier Corporation. 

A proposal for further improvenents, modifications, and testing of solar 
assisted air conditioning in the substation Cantrol House has been suhnitted 
to BPA try the Mechanical Section of the Division of Subtation and Control 
Engineering for FY 1981. Both the Oregon State and Carrier evaluations 
suggested changes in the system which were subsequently made in developing 
carmercial prototypes installed in Tyler, Texas, and BPA's Big Eddy substation. 

PRXWlWE MXNMR SOIAR ABSCRFTICXV AIR UXDITICWN SY!3EM 

m e  Tyler, Texas Installation: Evaluation of the PEE System data resulted in 
Carrier Corporation's developing a seam3 generation absorption chiller which 
had inproved design and cost reduction features. A4 a result of the 
Department of Energy's interest in testing solar-assisted heating and cooling 
in a southern climate, in October 1979 a system was installed at Carrier 
Corporation's manufacturing plant in Tyler, Texas. Amodular factory- 
assembled package which minimized field engineering and installation time and 
expense was developzd. The package, which included prograrmable mtni-omputer 
controls, pmps, and internal wiring and piping, was mounted on a skid to 
facilitate ease of transportation and installation. 

Other modifications of the system included the addition of an improved heat 
exchanger, higher efficiency pmps, and a -ling tawer to replace municipal 
water as a means of cooling for the absorption chiller. Because the 
Department of mergy wanted to see h3w an absorption chiller would perform 
using flat plate solar collectors, these were substituted for the tubular 
collectors . 
During the sunner, the flat plate collectors supply heated water which is 
pnnpd into a 535-gallon storage tank. The tank is snaller than those used at 
the Ross and Big m y  substations, hut it is adequately sized for a~lications 
in a warm climate where there is an almost mntinuous cooling load. When the 
water in the tank reaches 180°F, it is used to drive a 1%- capacity lithiun 
branide absorption chiller that chills the water and provides direct cooling 
to a fan coil unit in the plant. n'le water cycled through the generator of 
the chiller is then returned to the collectors. Because little heat b k u p  
was needed, the system uses steam heat exchange £ran the plant to provide hot 



Figure 17. Solar Collectors, Beat Pmp and Boling 'Ibwer at 
Big Eddy Substation 

The absorption umling system at ~ i g  Bady inaorporates the sane modifications 
made in the Tyler, Texas, installati-y, additim of an inproved heat 
exchanger, higher efficiency pnps, and a omling tower to replace municipbl 
water as a means of cooling for the akmption chiller. reduce ccets water 
is used as the heat transfer fluid irrstead of the water-ethylene-glywl 
mixture used at RDBg Substation, with autaaatic draindawn provided to prevent 
freezing . 



Tests are run in a portion of the substation Chntrol EEatse. m i t o r i n g  is 
dne by manual readings of watt/hour meters and a multi-point digital  
teaperatme indicator. Programable mini-ter ccntrols are rmnibmed by 
telephone l ine fran Carrier Ooprat ion a t  Syracuse, Nw York. Overall solar 
energy available is measured by a pyranmeter. Carrier Oorporaticn is 
performing the data analysis, w i t h  mnthly reports being sent to BPA. A 
oneyear evaluation period' is to end in April 1981. 

The PEIS project was developrental in nature, having to do with perforraance 
and i n p x m n t  of a ceroplex system. A s  could be e-ted, bath the waste 
heat recovery and solar-driven absorption chiller system fmcticned 
erratically. Bawever , evaluation of the PERS System identif ied specific 
weaknesses and problem in  the system and its umpomnts. Ihe kmvledge 
gained frcm the project amtributes to waste energy recovery and solar energy 
techmlogy and has had practical application in  the design of the aborption 
chil ler systems installed a t  Big Bady Substation and Tyler, Texas. These two 
latter projects, i m p r a t i n g  unitized plckaging and other cust-reducing 
features, bring closer realization of the long range goals of the projects: 
productian of similar systems for widespread crnmercial and industrial 
application. 

The PEIS System and its associated solar projects have also provided 
information to be used for a project by the Electricdl PDwer Research 
Insti tute (Em) to retrieve transformer waste heat frcm a Seattle City Light 
substation for heating a Seattle Science Center building, and for 
installations of solar-assisted absorptian chil lers by NASA, the Solar Energy 
Institute, and possibly, the Department of Wergy's Federal Building Program. 



ENERGY US= MONITORING AND (XlNTROL 
-RD RESERVATION 

'Itro other projects aimed at conserving energy in the industrial sector grew 
out of the Department of Energy's interest in ways of monitoring and 
controlling the energy used by industrial processes. !these projects, 
involving the design and implementation of an energy usage monitoring and 
control system on the Hanford Reservation at Richland, Washington, are the 
result of a aollaboration between the DOE, BPA, the DOE Richland Operations, 
and Rockwell International, Inc., the major contractor for operations at the 
Hanford Reservation. !the system was designed by the Control Systems Branch of 
the Division of Substation and Cbntrol Engineering, which will also oversee 
installation a d  testing of the project. 

Begun in September 1979, the first project, that of designing, testing, and 
installing an energy usage monitoring system, has been substantially cunpleted 
and underwent a period of evaluation between September 19, 1980, and 
January 15, 1981. . m e  seoond project, which will expand the.system and 
'provide a means of load management, will be operational in October 1981. !the 
projects, the first of their kind in the United States, will provide valuable 
information on the feasibility and practical application of energy usage 
monitoring and load management and will yield data which will be used to 
construct energy usage profiles on a number of industrial processes. !the 
project will also contribute to the technology of load management, as yet only 
its developnental stage. 

The Pilot Energy Mnitor System (PENS) is a distributed network of' 
microcomputers that gathers data on energy usage from connected meters and 
transnits the information to a central processing unit located at a substation 
on the Hanford Reservation. Since the system is monitored by a number of 
snall computers rather than a single large.one, it offers the advantages of 
lawer cost and increased reliability. Demand meters have been installed to 
monitor energy usage at various locations at the Hanford site. Sane of the 
meters collect data from buildings and substations, while others monitor 
energy demand by industrial equipment, such as a plasma arc cutting station 
and sluice and ash pumps used for waste d i v a 1  from coal-fired furnaces 
which generate steam for space heating. 

lypically, demand meters provide pulsed information for each 0.25 kW of energy 
used. !this data is aollected by the Remote Unit (RU) to which the meter is 
wired, each Remote keeping an instantaneous record of the accumulated energy 

0 usage for each.meter and transmitting it to a.Data Gathering Unit (DGU) in the 
form of. a 15-minute sunanary. !the DGU keeps track of the hourly accumulated 
energy use and the last 15-minute demand period for each meter and in addition 
records a summary of the accumulated hourly energy use by all meters it 
supervises. Hence, the PENS network retains a reaord at the DGU of the hourly 
energy usage by each meter which is updated every.15 minutes. !the Central 
Processing Unit (CHT) keeps a current reaord of each DGU hourly report and the 
accumulated energy usage of all the DGU's in the network. 
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@ CENTRAL PROCESSING UNIT 

Figure 18. Pilot Energy Monitor System (m) Network 

Under normal operation the MXI and the CPU reoord hourly energy denand; 
however, at any time an operator at the CPU can request £ran the system the 
accumulated hourly energy use for the current hourly demand period. In 
addition, the operator can request a printout of periodic energy usage, but if 
this option is not invoked, the only printout will be the end-of-the-month 
energy usage sumiary. 

While the system was designed with the capacity to expand to 1,000 meters and 
the capability to issue oontrol oarmands for actual energy management, the 
prototype PENS network was limited in smpe to 30 meters to facilitate 
assessnent of its potential. Testing of the system was done at the BPA 
Ccmputer Testing Facilities &tween June 1 and September 1, 1980. During this 
period the.systemls performance fully met the technical requirements 
formulated by Bonneville Fmer and the Department of Energy, and the pilot , 

Energy Qntrol Monitor System was subsequently delivered to the W o r d  Site 
on September 17, 1980. Actual operation of the system began 
November 15, 1980, when Rxkwell International canpleted the installation and 



wiring of all demand meters in the network. Between November 15 and January 
15, 1981, the system evaluated to determine its usefulness as a system was for 
1-t data acquisition of instantaneous energy usage. In addition, data 
will be gathered for the process equipnt monitored wt-lich, together with 
historical data, will be used to prepare an energy usage profile for each type 
of equipnent. The energy usage profiles will ultimately be used to determine 
pmer allocations, thus providing the basis for load management. 

The second project in energy demand monitoring done by the Control Systems 
Branch is the Energy Monitoring and Control System (EMCS), which will increase 
the number of meters in the PEW network to 120 - four times the number in the 
current system - and will provide for load management of approximately ten 
industrial processes at the Hanford Reservation. Process equipnent and air 
handling equipnent to be monitored include industrial fans and air 
conditioners, sluice and ash pumps, backwash pumps, a plasma arc burner, and a 
vacuum furnace, all associated with day-May operations on the selected 
sites . 
As in the EjHS system, energy usage will be monitored and data gathered and 
processed by the microo~nplters in the network. But the project will also 
have a developrental aspect: the testing of actual energy use control. lb 
implement this load management function, each remote will be given control of 
the power inpt to the process equipment that it monitors. When a particular 
piece of equipnent exceeds the load allocation determined by the energy use 
profile, the remote can autgnatically curtail pmer until the energy use falls 
below the profile. In addition, power to any part of the system or to the 
network as a whole can be reduced autosnatically or by the CPU operator, 
according to a list of priorities, during periods of-peak demand or power 
insufficiency. Should m r  be restricted, the operator of the equipnent can 
request additional power by means of an Appeal Request frcan the CPU operator, 
who may or may not re-energize the process depending on.overal1 energy 
resources. The Energy mnitoring and Control System network is shown on the 
next page: 



Figure 19. Ehergy Monitoring and C o n t t o l  System (EM3S) Network 



The Pilot Wergy mitor System @MS) and the Energy Monitor and Oontrol 
System (EKS) w i l l  yield mm3-needed infarmation about energy use and its 
manaqawnt. As electrical energy becanes more expensive and less available, a 
great deal needs to be learned about wfio uses it and when, especially during 
hours of peak deoand. Infomation on energy usage i n  the indwtr ial  sector, 
the major source of electrical demand i n  the Paoific Northwest, is of 
particular interest to the Department of Fhergy, which phwided much of the 
funding for these projects. Currently there is rn system developed which both 
m i t o r s  energy use and exercises a load m g e u e n t  function. In addition to 
performing these functicns, the PISS prototype system and BMCS system w i l l  
offer the advantages of a distributed netwotk: lau mt and reliability. 
Hence, these prototype systaas are expected to be a valuable m t r i h t i o n  to 
this  as-yet-largely-mexplored area of energy oohservation. 



Figure 20. Photovoltaic Array 

Of ehe alternative generation sources in which Bonneville Pawerls Division of 
Subtation and 03ntrol mimering has been invo ld ,  solar and wind pmm, 
the use of solar cells was ancng the earliest applicaticns. Dating back to 
1968, the use of solar cells at remote installations needing only mal l  
amnits of power has proven a mt-effective alternative to axwenti& 
generating e&pnent requiring considerable maintenance for reliable 
operation. 'Ihis use of solar cells has grown into a prograa of application 
and st* having lrmch wider potential value, not only for electrical 
transmission, tut for industry, txmercial tuildings, and, eventually, 
residences. 

Currently, the use of solar cells to ainvert the sun's energy directly into 
power on-site is not eamanically feasible, except in specialized situations 
such as remote monitoring or camumications facilities. But the progress of 



photovoltaic technology has been such that in the next 2 to 5 years solar 
cells may wll be cost effective oompared to conventional power sources in a 
range of new remote situations, and such that in the next 5 to 10 years the 
cells may be widely used in oomnercial buildings and residences where there is 
good solar radiation. Fkcognizing this trend, BPA has expanded its own use of 
solar cells into a sustained program of study of more advanced applications so 
that as photovoltaic generation bwmes oost-effective there will be a 
field-tested, documented history of performance on which potential users might 
draw. This program of study was assisted by the Department of Energy's 
subsequent encouragement.of projects under the Federal Photovoltaic 
Utilization Program and its partial support of test installations. 

Overall, Bonneville Ftmer's involvement in photovoltaic application is along 
t m  lines: internal use of cells for its own remote facilities and monitoring 
needs, and demonstration of solar cells used in conventional grid-comected 
systems. Research and developnent has been directed toward practical 
application, rather than theory, and application suitable to conditions in the 
Pacific Northwest. Most of the work has been or is to be carried out on BPA's 
own structures, in a wide range of geographic, climatic, and operational . 
environments. Ebr purposes of calculating "paybackn a 20-year life is used, 
with adjustments for inflation and similar factors. Because of Bomeville 
Ewer's considerable experience in the field, little uSe has been made of 
outside consultants. 

Internal application projects include remote sensing of meteorological and 
stream flow conditions, and monitoring of BPA's transmission system; 
demonstration projects involve use of solar cells in water pumping and in 
augmenting.the grid-axmected electrical supply of buildings. Sensing of 
meteorological and stream flow conditions by photovoltaic-powered equipnent is 
on-going, installations having been o~npleted between 1968 and 1973. The 
monitoring of BPA's transmission system by such equipnent is to be operational 
by May, 1981. The t m  demonstation projects---water pumping and a 10 kW 
supplementary pmer supply for a building-are to be operational in August- 
September 1981. Each of the demonstration projects are to undergo a 3-year 
test period. 

The status of each of the projects caprising the Photovoltaic -1ications 
Program is described below, beginning with those serving Bonneville e r ' s  
own internal needs. 

Hydromet Installations: Begun in 1968 and completed in 1973, "Hydromet" 
consists of solar cell arrays installed to provide power for 13 remote 
stations measuring stream flow and meteorological conditions. .Data provided 
by these stations are used for forecasting the hydroelectric power supply for 
the BPA system. Replacing earlier generators and batteries, solar cells have 
proven both met effective and reliable. One of the photovoltaic arrays was 

a r m e d  from service because its station was no longer needed; the others have 



continued to operate well, requiring only occasional checking and minor 
adjustment . 
BPA has tested the retired unit to determine its present pawer output, which 
will be ampared with the rrranufacturer's original performam specifications 
to see if any degredation has occurred wer the life of the system. This 
exercise should prwide same needed data which will be useful in designing 
future photwoltaic installations. 

Microwave Repeater: Another internal application of solar cells is a 
microwave repeater which will augment the existing BPA Microwave System. 
Since the range of microwave radio transmission is limited by terrain and 
distance, .repeaters fumtion as an intermediary link between stations, 
receiving and amplifying signals. 

Located at a site called Signal Hill, the prototype photwoltaic repeater will 
relay signals betwen Big mdy Substation and Wasoo Radio Station. A contract 
with GIEmnkurt will implement installation of the system, scheduled for 
August 1981. Beginning in October 1981a one-year evaluation with assess the 
reliability of the carq?onents of the system, as well as the werall system 
design. 

Under ideal solar and temperature conditions the repeater's solar cells can 
generate 300 watts of electricity, providing ample energy to power the 
system. At night and during other periods when the sun's energy is not 
available, storage batteries supplement the photrwoltaic array. A unique 
feature of the repeater is its simplicity: the system consists of a 
photovoltaic array, storage batteries, amplifiers, and antenna mounted on a 
metal tower. This simplicity reduces construction costs - the system can be 
installed for 25% of the cost of a conventional repeater - and requires little 
maintenance. . Further, since the system does not require buildings, access 
roads, or power lines, its impact on the environment is miniml, and it can be 
used in locations where it would be impossible or prohibitively expensive to 
install a conventional repeater. 

Water Pumpinq Application: The first demonstration project of the 
Photovoltaic Applications Program is to be a solar-powered water pump system. 
Used in con junction with a conventional ac electrical p m ~ ,  the dc 
photrwoltaic system will prwide power for pumping water up to a holding 
pond 1000 watts at full capacity, the system is expected to be a valuable 
supplement to the conventional electrical supply for irrigation, the pumping 
of well water, feeding of livestock, and other agricultural applications. 
Ebrthemre, the system is to be por table-unted on a trailer or skid-so 
that it can be used at other sites as a portable power supply, for instance a 
construction site needing water tm replace vegetation disturbed by use of 
heavy equipment. 

In addition, the trailer-munted system will also serve as a portable 
photovoltaic classroom tn acquaint the public with solar cell technology and 
BPA's experience with its applications. Displayed at state and county fairs, 
energy fairs and the like, the system can be used to power fans, air 
conditioners, and other home appliances to demnstrate the rangeof potential 
residential uses. 



The project is now i n  its preliminary design stage. A consultant is currently 
under contract ,  with the par t ic ipat ion of Oregon Sta te  University and 
Jefferson (bunty, Oregon, Extension Service l ikely.  A contract  for  f i n a l  
design, construction, and ins ta l la t ion  should be issued by December 1980, with 
the system i n  operation for a three-year tes t ing  beginning August 1981. 
Evaluation of tests w i l l  be by BPA and, probably, Oregon Sta te  University. 

Redmnd Wintenance Headquarters: ?his demnstrat ion project  is to i n s t a l l  a 
10 kW solar cell array on the roof of BPA1s W m n d  Maintenance Headquarters 
a s  supplementary power for the building's ac  supply. Approximately 1000 
square f e e t  i n  s ize ,  the array w i l l  produce dc power which is to be inverted 
to ac  and used i n  the building, or, i f  a l l  its power is not needed (as  on 
weekends), fed in to  the regional e l e c t r i c i t y  gr id .  The significance of  a 10 
kW uni t  is t h a t  the power requirements of the average household, except for  
space heating and cooling, could be m e t  with an array of t h i s  s ize .  However, 
more than potent ia l  res ident ia l  use is to be studied. IXlring the three-year 
tes t ing period to begin in  August 1981, the efficiency and r e l i a b i l i t y  of the 
components and overal l  system w i l l  be evaluated and the amount of power 
generated a t  d i f f e ren t  times of the year w i l l  be determined. Aside from how 
much e l e c t r i c i t y  is generated by solar cells, the project  would seek to answer 
a number of questions about feed-back in to  a grid-connected system, q u a l i t i e s  
of wave shape, power factor ,  harmonic d is tor t ion ,  interference with 
telephones, radios, and television sets, and impact on maintenance. 

Ebnding for the project  w i l l  be shared by Bonneville W e r  Administration and 
the Department of Energy. ?he ins ta l led .  cost of the  project  is t o  be about 
$250,000, of which $200,000 is to be funded by the. Department of Energy. The 
remainder of the ins ta l led  costs, and a l l  operation, maintenance, and 
ins ta l la t ion  costs over the three-year span of tes t ing ,  are to be paid by 
Bonneville mwer Mministration. The s y s m  is t o  be instal led August- 
September 1981. 

SUMMARY 

Thus f a r ,  the  Phobvol ta ic  Applications Program has limited its a c t i v i t i e s  to 
the  overriding purpose of providing a regional h i s tory  of  performance for 
various uses of solar  cells, so tha t  when the economics of solar cells allows 
for t he i r  wider application, a s  appears very l ike ly  to be the case, there w i l l  
be a firm bas is  on which to gauge the i r  value i n  the Pacif ic  Northwest. mile 
Bonneville FOwerls own use of solar  cells has been rather specialized, m c h  
has been a d  w i l l  be learned about remte photovoltaic ins ta l la t ions  from the 
Hydromet and Microwave Fkpeater systems. It is t rue  t h a t  the cells have 
a t t r ac t ive  advantages : the mre closely load and supply are matched, the more 
e f f i c i e n t  a disbursed generation system can be; cells lower transmission costs 
and need no on-site storage of  power. A t  the same t i m e ,  some concern has been 
raised about using solar cells in  applications connected to the u t i l i t y  gr id .  
A s  the only e n t i t y  involved i n  extensive research and develapment of 
photovoltaic applications in  the Pacif ic  Northwest, and because of its 
extensive electric power experience, Bonneville mwer is i n  the unique 
posit ion of addressing such d i f f i c u l t i e s  so t h a t  solar  cells may one day be a 
valuable a l te rna t ive  source of energy i n  the region. 



Status and final reports on demnstration projects will appear after the 
three-year testing periods a d  assimilation a d  analysis of data. Notice of 
their upcoming publication dates will be announced in subsequent editions of 
this Interim Report. 



Figure 21. McD.2 Wind Generator 

As part of its participation in a national effort to develop alternative, 
renewable sources of energy, Bameville Pawer AcZafnistration is involved in 
two wind generatian projects, the study of small wind energy conversion 
machines and the st* and developtent of large wind turbines supplying ptmer 
to existing local and regianal electrical networks. 'Ihe seaond of these, 
installation and study of the performance of three large wind turbine 
generators at aoodnoe Hills, near Goldendale, Washingtan, and overlooking the 
Coluabia River, has been a major joint lndertaking by BPA, The Department of 
Energy, M, and the prime contractor, Boeing Blgineering and Ccmtruction 
Cmpany of Seattle, Washingtan. Through its participation in the Regicnal 
Wind Energy Assessment Progran, the Thermal Engineering Staff at BPA 
identified the Gwdnoe Hills area as the site of the project and worked with 



Boeing engineers on the layout of the turbine. Subtantial contributions to 
the project were alg, made by the Division of Transmission Wgineering, 
Division of Iand, Division of mterials and Procurement, Division of 
ZLdninistrative Services, Division of Construction, Division of Laboratories, 
Division of Plant Services, and the Blla lWla Area. The ED-2 project, 
then, is the result of agency-wide involvement and axperation. Y e t  the 
Division of Substation and Ontrol Wgineering was amng who contributed 
their efforts. (Xlrs ms the responsibility £or designing the substation, 
Visitor's Center, and anmunication facilities, as well a s  £or developing the 
site and access roads. mr this reason, and because the project reflects 
BPA1s camultraent to the developusit of alternative sources of energy, a 
description of the MOW2 project is included in this report. 

Beginning with a 3.977 award by I W S  to w i n g  mineering and Cbnstruction for 
design, fabrication, installation and checkout of three MDD2 wind turbine 
generators, the oJodtlDe Hills  project is w e l l  underway and is to be in fu l l  
aperation by mid-3.981. A significant miles- in the project was 
DecemS3er 22, 1980, when the f i r s t  generator's blades were rotated; the next is 
January, 1981, *en acceptance tests of the f i r s t  machine are to be 
oorpleted. The second and third machines are scheduled to be in plaoe and 
operating by March and May of 1981, respectively. Once operating, the -2 
units w i l l  undergo a testing period of two years. 'Ihe project w i l l  yield 
valuable data on wind generation and integration of wind power electricity 
into an existing grid. 'RK project w i l l  also provide data on p e r f o m  and 
mechanical features that w i l l  aid in the design of future, larger w i n d  
generators, such as the nulti-megawatt -5, nnw in its early design stages, 
and in the design of "wind farmsn, or mllections of wind generators. Even a s  
they make these contributions to the -logy of wind generation, the ED-2 
units are expected to be a valuable addition to WA's pow3r sources, repaying 
their cost wer their 3 0 - y ~  l i f e  spim. 

The MJD-2 project consists of design, fabrication and mi to r ing  the 
perfonname of three wind turbine generators, each with a rated outplt of 2500 
kW. The -2 wind turbine is a -laded, horizontal axis machine w i t h  a 
3Ofbfoot diameter of rotation. Ihe blades drive a turbine generator housed, 
along with gears and controls, in  a horizontal nacelle; the nacelle is m t e d  
on top of a 20Ckfoot steel shell tower in such a manner that blades can always 
face the wind. 

me turbine is designed to operate a man annual wind speed of a t  least 14 
mph. It beacmes operational at wind speeds of 14 mph. and w i l l  "feather," or 
change the pit& of the blade tips so as to stap rotation, a t  wind velocities 
greater than 45 I@. A t  a rated wind  speed of 27.5 mph., the turbine w i l l  
generate 2.5 megawatts of electricity, enough £or abmt 750 haoes. The entire 
uni t ,  its tower attached to a large mncrete foundation, can withstand wind 
velocities of up to 120-125 I&. It operates unattended and is autamtic in 
its various modes of aperation, which are stadby, startup, aperate, shutdaun, 
and lockout. Remte mi to r ing  and start/st.q control w i l l  be managed by 
=A's Dittmer ODntrol Center in  Vanccxlver, Washington. m r  generated by the 
unit is transferred by sliprings and mtallic cable to a transformer and 
switch-gear a t  the base of the m r ,  through buried cable to the substation, 



and on out to the u t i l i t y  network via  a 69 kV transmission line. Each 
prototype turbine ccets 4.6 million dollars. 

!he MOD2 is canposed of the bier, rotor, and faur subsystems bused in the 
nacelle: Drive Train, Yaw Bearing and Drive, Hydraulics, and Electronic 
Controls. lte rotor is attached to a hub with a teeter bearing which all- 
for dunping sane of the load off the rotors. Fran a lowsped (17.5 rpn) shaft  
i n  the Drive Train Subsystem, energy fran the rotor is transferred through a - 
gearbox to the highspeed (1800 rpn) shaft which turns the generator at the 
rear of the nacelle. 

l%e function of the Yaw Bearing and Drive subsystem is to enable 360° rotation 
of the namlle on a horizontal plane so that the rotor with blades w i l l  face 
the wind. 'Ihis rotation is controlled by t w  sensors on tap of the nacelle 
which detect wind direction indepmdently of that  caused by the rotor blades 
and autanatically track into  the oncaning wind, plus or minus seven degrees. 
Pitch and yaw mnt ro l  are provided by the Hydraulic subsystem. The Electronic 
Control subsystem provides the sensing, cunputation, and amMnds necessary 
for mattemled operation of the wind generator. The mntroller is a 
microprocessor which starts the generator when wind speed is within prescribed 
l i m i t s .  After start-up it canpltes blade pitch and naaelle yaw coomands to 
prcvide maxhm pwer outplt for varying w i d  wnditia'ls. 

The three -2 prototypz units w i l l  be situated in a triangular pattern, with 
3,000 feet ,  or ten times rotor diaaneter, between the two most distant  units. 
In addition to the wind turbines, the H i l l s  illstallation has two 
meteorological tawers--BPA1s 198-foot unit and Battelle Pacific Northwest 
Laborabryls 350-kot unit--a BPA substation with a 69 kV transmission line, a 
V i s i t o r ' s  Center and a mall 2 MV wird turbine generator. Paver frun the wind 
turbines w i l l  feed directly into the Klickitat County Public Ut i l i ty  District 
distribution network, which i n  turn is wmcsted to BPA's Goldendale 
Substation. Major maintenanae mrk  on the units is to be done by Being  
minee r ing  and Ccmstructicn; routine maintenance and nrmitoring of the units' 
petfomanoe is to be &me by BPA, w i t h  mntinwus data trananitted to BPA's 
Dit tmer Control Center in Vancower, Washington. 

In addition to ooordinating its portion of the project and preparing the site, 
BPA was involved i n  site selection, an inpbrtant factor i n  the performance of 
the wind turbines. The Gaollnoe H i l l s  site was choeen after more than three 
years of st* of potential wind farm locations i n  the Pacific Northwest, a 
st* anducted by the Department of A W p h e r i c  Sciences of Oregon State 
University under the directicn of the Thermal Engineering Staff. at of the 
various sites identified by the 06U study--ather Columbia Gorge areas, parts 
of the Cascade Crest, parts of the Oregon Coast-the Goodnoe H i l l s  location 
w a s  the most p ra i s ing ,  i n  tens of c a t  of developnent as well as  natural 
wind potential. Winds at Goodnoe H i l l s  average a b u t  16.5 mph at  ground 
level, and about 18 m@ a t  the height of the turbines' rotor hubs. Winds a t  
the site blav between 14 and 45 m@ about 53% of the time, most steadily 
between February and September. Throughout the year, wind speeds at Guodme 
H i l l s  are abve 15 m@ 55% of the time, and above 25 nph 25% of the time--nast 
pranising for machines that reach their  maximum outgut of 2500 Wwhen wind 
velocity is 28 nqh at their rotor hubs. hre to the natural advantages of the 
site, the -2 turbines are expeoted to produce 8 to 9.3 raillion kWh armudlly 
for each d i n e .  



The overall goals of the project are both developmtal and investigative. 
Tlm? nane of the units, MOD2, indicates their place in a genealogy of 
developmt, and it is expected that they w i l l  amtribute a good deal to 
design of future large wind turbine generators such as the MODS, as well as 
prwide a carmercial d i n e  marketable na*. m i n g  may market the MDD2, 
expecting that with prcduction of the lOM unit of the machine, cat per unit 
w i l l  be such that electricity can be generated for a~@~oxintately 4 cents per 
m.1 
The project will also offer an opportunity to investigate a nunber of factors 
ancerning perfonnanae of the units, production of electricity, and 
integration of the p e r  they produx into an existing grid, and to explore 
potential pmblens such as unwanted hannmics, or electrical resmances, 
enviramental midera t i - ,  and the inpact of air turtulence in  the wake of 
a~ machine on the oaplcity of another machine dimnwind £ran it. In addition 
to such areas of investigation there is the larger question of storage of 
energy £ran wind generation. Since the turbines operate intermittently, 
storage of their peak production is required. Tied into a hydroelectric power 
systen such as the Pederal colunbia River Paver Systea, hcwver, wind turbines 
may not present a storage problem: water can be stored, rather than 
electricity. Flcm through d m  turbines can be diminished during periods when 
wind generators are supplying large ammts  of electricity. The water wwld 
be stored behind the dams and then released at a later t h  to generate mre 
hydroelectric power. %ese and other kinds of performance experience w i l l  be 
gained by monitoring the operation of the MOD2 units over the project's 
twoyear period of study. 

AB of this writing, site selection and preparation have been canpleted, 
indluding erection of meteorological towers, foundations for the turbine 
tasers, and access roads. The substation was canpleted August 15, 1980, the 
Vi s i t o r ' s  Center October 31, 1980. Approximately three miles of 69 kV 
t r a d s s i o n  line have been built  by BPA personnel. Installation of the MID2 
u n i t s  themelves is now in  progress and is to be ccnpleted my-June 1981, when 
the project's test period w i l l  begin. 

Installation of the wind turbine generators is in  two stages: ground level 
assembly of the naoelle and test operation of the turbine, with simultaneous 
construction of the tower, and raising of the Nacelle and rotor to the top of 
the bower for final  f i t t ing and operation of the unit. The g m u d  level 
asseably allows for running through the operating controls of the system and 
&@lif ies  checking of mechanical parts, culminating i n  integration tests, or 
caaplete testing of the assanbled inner parts of the nacelle. Installation 
and checkout of the f i r s t  unit were cmpleted Nwepber 24, 1980, and its 
blades tutned for the f i r s t  time on December 22, 1980. Tbtally, testing of 
the f i r s t  uni t  and auxiliary equipaent w i l l  have taken seven rmnths. The 
installation of the Nacelle is sfam on the follavina mae: 



Figure 22. Installation of the Nacelle 

A similar process is currently underway for units #2 and 13 of the project. 
Acceptance tests for unit #2 are scheduled for Febr~lary-IYarch, 1981, and for 
unit #3 April-May, 1981. A l l  three machines are to be operatianal May 29, 
1981. m i t o r i n g  of their operatian is to begin in June, 1981. Progress 
reports are to be suhnitted to MISA every three months. A final reprt is to 
be written soon after m ~ p l e t i a n  of the project in  June, 1983. 

me  ills -2 project w i l l  provide a god deal of needed infonaation 
an wind generation and its integration into an existing pawer grid, and w i l l  
antribute, as w e l l ,  to the angoing develapaent of rmlti-megawatt wind 
turbines. Ihe m p t  of "wind farmsw utilizing a clean, renewable resource 

I 
is an attractive one whwe value was recxgnized in the Federal Wind m r g y  

B Progrw initiated in  1973 under the auspices of the Nationdl Scienee 
Rumlatian and in  subsequent investmwt i n  prototype equipuent by the 
Departnent of Energy and NASL. But there are many questions to be answered 



before the amcept becomes a reality. Ihe Omdnae B i l l s  project should 
provide answers to a number of them, even as it provides energy which may w e l l  
pay for its in i t ia l  investment over the 3- l i f e  span of the wind  
turbines. J u s t  how cost effective the -2 turbines are remains to be seen, 
and a certain ammt of the investment in thein is a price that laust be paid 
for develapnent of a subtant idl  naticnal energy resource. 'Ihe manufacturer's 
expected (xwt of producing electricity by wind generatiawfaur cents per kWh 
with the 100th -2--ocropares favorably with the projected cast of nuclear 
and other kinds of nm-hydroelectric power in the 19801s, between four and 
five cents per kWh. =A's part in  the develapnent of this  wind turbine, then, 
may have been (xwt-effective in term of dollars alone. More important, its 
participation w i l l  have helped apen the way for use of wind as a m=nercially 
feasible power source, both in the Pacific Northwest and the natian a t  large. 

A final plblic report w i l l  be plblished separately by BPA in  moperation with 
NASA upon caapletion of the project. Mmnwhile, more information on the wind 
turbines is available in the BPA Department of Wergy plblicatian, e: * 

and - W (March, 1980) and fran their 
~ ~ o n s t r u c t i o n  Ocmpmy, P.0. Box 3707, 

Seattle, Washington 98124. 



The variety of work on energy conservation i n  Barneville Fouerls Division of 
Substation and mntrol  mineer ing  is cansiderable. Study ranges fran 
near-primary research through testing of applications to developaent of 
prototype equipnent. And, as with any dynamic research and developnent 
program, new ideas are generated fran studies currently underway; new 
directions emerge. In the future, as in the past, Bonneville Fewer 
Amninistrationls -is w i l l  be f i r s t  of a l l  on cost-effective ap l ica t ions  
of technolqy, on bringing its resources to bear on the t a s k s  of reducing 
e lect r ical  energy cawmrptim and meeting future demnds for power i n  the 
Pacific Northwest. 

Future research and developaent under consideration involve so many aspects of 
energy savings and alternative modes of e lect r ical  generation that only a f w  
can ij;? menti& in t h i s  report. Currently pmp?ed are  projects which w i l l :  

. Study measures to prevent air infiltration. 

. Evaluate an economical solar energy storage device. 

. Develop a "House Wtor" program--trained technicians to d i n  energy 
losses and rezammd solutions-for u t i l i t i e s  and others. 

. Reduce peak lod through shut-off of water heaters during hours of heavy 
e lect r ical  use. 

. Test existing or develop Bane Bnergy Mmagenent Systems which enable the 
hanemner to save energy. 

. Test a heating-nly heat pimp to see what savings can be gained w e r  use 
of the conventional heating-cooling heat p i @ .  

. Develop a program for aukmatically reducing cannercia1 indoor lighting 
a s  daylight increases. 

. Instal l ,  test, and evaluate @~~tavo l t a i c  cell applications over a w i d e  
geographic area. 

. Develop uses for waste heat m e r a t e d  by nuclear plants. 

Nor are new research a d  d e v e l v n t  projects all. Wrhape the m ~ s t  
interesting future directions to be taken are not by Bonneville Pawer 
M n i s t r a t i o n ,  but rather, by researchers, u t i l i t i e s ,  agencies, and 
industries whose own developnent i n  energy conservation and alternative 
generation have benefitted fmn  our work. It is gratifying to know that  a r  
testing of the 'heat pna water heater assisted a Northwest u t i l i t y  in deciding 
to offer its mstaners interest-free loans for instal l ing sud3 equipnent; that  
our experience with waste heat recovery is benefitting a similar project i n  a 



Seatt le  u t i l i t i e s  substation; and that our work on wind generation a t  t3xdnoe 
H i l l s  is a direct  contribution to m r c i a l  developmnt-in fact,  NASA 
considers the units used i n  our project to be prototype cannercial equipment, 
mt merely experimental machines. M i l e  it is the nature of our work not to 
measure its effectiveness by imnediate, dramatic results,  but, rather, by 
long-range, acamulative inpaet, it is worthwhile to point up slne of the 
early signs of t h i s  ifipact on energy ccxlservation i n  the Pacific bbrthwest and 
the nation. 

Jus t  a s  inportant, it is worthwhile to inform those interested in energy 
conservation of what we are doing so that they m y  benefit £ran au: work. 
That is why there w i l l  continue to be reports on our various projects and why 
there w i l l  be future editions of this publication. 






