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MARKET EVALUATION STUDY:
SOLAR HEATING AND DOMESTIC HOT
WATER HEATING IN DOD BUILDINGS

1 inTRODUCTION

Background and Problem Statement

Like all energy users. the Federal government is
faced with rapidly increasing energy costs and, in some
locations, shortage or curtailment of its energy supplies.
It is therefore searching for a new and abundant natur-
al energy source. Solar energy may be ideal due to its
abundance, widespread distribution, and absence of
recurring fuel cost.

The technical feasibility ot using solar energy gath-

ered by flat-plat llectors tor hot water and space
heating has lished both in theory and prac-
tice.! Alt »sign phase is somewhat more
complex phase requires little more
skill tl o install conventional systems.
Thus msideration in solar system applica-

tion is economics.

The high initial cost of solar system components is
the major barrier to economical use of large-scale sola
system application. Initial cost is high because most
solar system components are now practically hand-
built. The market demand for these systems has not
been large enough to encourage the capital expenditures
necessary to promote full application of automated
production techniques. which can significantly reduce
the cost of solar components.

Since solar energy could be important in fulfilling
future energy needs of the United States, the Federal
Energy Administration (FEA) is developing a com-
prehensive program® which will provide a substantial
initial solar component demand through applications
on Federally owned buildings. This demand is expected
to encourage the use of automated production tech-
niques, thereby lowering the first cost of solar com-
ponents.

'J. A. Duffie and W. A. Bechman. Solar Energy Thermal
Processes (Wiley, 1974),

*Solar Energy Government Buildings Program, Policy and
Implementation Plan (The Mitre Corporation, January 1977).

e s d— . - ~_oe. s

Since the Department of Defense (DOD) owns ap-
proximately 80 percent of the buildings controlled by
the Federal government, it is the greatest single poten-
tial government user of solar systems. As a first step in
determining the overall DOD market, the market po-
tential for solar domestic hot water heating in DOD
bachelor enlisted and bachelor officer quarters (bar-
racks) was examined, since it appeared to provide a sig-
nificant trial for solar systems.® Based on the results
of that study, the program was expanded to include
space heating in barracks and other DOD buildings.

Objective

The objective of this project was to assess the market
potential for solar space heating and solar domestic
water heaters in DOD buildings by determining the
number of solar collectors which could be economically
installed in the buildings, based on several estimated
installed system life-cycle costs.

Approach

A real property inventory of DOD buildings within
the United States was performed to determine the total
floor area of buildings which could be potential candi-
dates for solar heating and solar domestic hot water
heating systems. The heating load and domestic hot
water load for each selected building type was then de-
termined for four different climatic regions. The por-
tion of the load that could be satisfied by using solar
energy was determined for each climatic region; then
the most economical collector area per square foot of
building area was found by performing a life-cycle cost
analysis for various solar system costs. The overall
market potential was determined for each region and
summed for the entire United States.

Chapter 2 describes the analysis methods used to dJe-
termine the building inventory and building loads and
to perform the solar system simulation and economic
evaluation. Chapter 3 describes the findings and shows
the tabulated results. Chapter 4 gives the conclusions
drawn from the results. Detailed descriptions of the
building load determination and solar simulation tech-
niques are provided in the appendices.

*L. M. Windingland, G. N. Walton, and D. C. Hittle, Market
Potential Study: Solar Domestic Water Heaters in DOD Bar-
racks, Technical Report E-102/ADA036479 (U. S. Army Con-
struction Engineering Research Laboratory [CERL], February
1977).




2 METHOD OF ANALYSIS

Building lnventory

The 1.8 billion sq ft (162 million m?*) of DOD
buildings in the United States offers great potential
for solar energy application. The Army. Air Force, and
Navy (Marine Corps property is included in Navy prop-
erty) maintain computerized real property inventory
data bases which list buildings by category, location,
date acquired, number of square feet, type of construc-
tion, and. in the case of living quarters, number of per-
sons per building. Analysis of the various building cate-
gory codes showed more than 40 different building
categories: of these, eight were chosen tor their po-
tential use of solar energy for combined space heat-
ing and hot water heating.

The building types selected, which represent more
than 50 percent of the DOD inventory, are: family
housing, bachelor enlisted quarters. bachelor officers’
quarters, administrative buildings. training buildings,
operation buildings. community support buildings. and
recreational buildings. These types of buildings are also
potential solar users in civilian applications.?

The Directorates of Real Property of the Army,
Air Force, and Navy provided specialized inventories
for buildings in each category whose permanent con-
struction was less than 20 years old. This was done to
eliminate buildings that might not be amenable to solar
heating equipment because of structural inadequacy or
a decreased economically useful life. These limitations
restricted the study to approximately 40 percent of
the total DOD buildinginventory. The Army. Air Force,
and Navy inventories reported the area of each build-
ing category: these areas were summed to obtain the
DOD total area for each selected building type.

The United States was then segmented into four
generai climatic/solar insolation regions, whose boun-
daries were the state lines as shown in Figure 1. These
regions were selected along average solar radiation in-
tensity lines. One city was selected in each region whose
climatic conditions were typical of that region: the solar
and climatological data were then obtained for that city.

Load Determination

The heating load of each building was analyzed to
determine the performance of solar energy heating

*Solar Energy Government Buildings Program, Policy and
Implementation Plan (The Mitre Corporation, January 1977).
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systems. Since actual measured heating and hot water
load data for the eight building types were not availa-
ble for this project. the Energy Utilization Index (EUI)®
was used to predict these energy requirements. EUl is a
manual computational method specifically designed to
analyze the heating and cooling energy requirements of
Army buildings. Appendix A provides a brief descrip-
tion of the EUI method, which uses a variety of physi-
cal building data and specific meteorological data to
determine the monthly and annual building heating
loads. The pertinent data required for the EUI are:

1. Monthly heating degree days*®
2. Incident solar radiation per month*’
3. Monthly average wind velocity*®

4. Exterior walls, roof and floor composition and

N

Window and glass area

6. Number of doors and windows

7. Underground floor and wall composition

8. Inside set-point temperature

9. Mechanical ventilation rate

10. Occupancy levels

11. Boiler/turnace efficiency.
This information was supplied for each building type
so a monthly load determination per square foot of
building could be calculated. Monthly building loads

were required ‘or the solar simulation techniques used
in this study.

‘L. M. Windingland and D. C. Hittle, Energy Utilization
Index Method for Predicting Building Energy Use, Technical
Report E-105 (CERL, May 1977).

*Data are for the four climatic regions indicated in Figure 1.

“Climatic Atlas of the United States (U. S. Department
of Commerce, 1968).

"Climatic Atlas of the United States (U. S. Department of
Commerce, 1968).

* Engineering Weather Data, AT'M 88-8, Chapter 6 (Depart-
ment of the Air Force, 15 June 1967).
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A typical building in each catego:y group was selected
on which to base the heating loads analysis; Appendix
B describes buildings selected. These buildings are typi-
cal of many structures throughout the DOD and should
exhibit a reasonable average of heating load per unit
area.

Solar System Performance

The performance of a solar system in meeting the
loads was determined by using a manual method devel-
oped by CERL that computes the percentage of the
load met by solar energy for various collector areas.
This method (see Appendix C) is based on the fact that,
with proper normalization for load size and local solar
insolation, the performance of a given solar system for
a given building in any location can be represented by a
universal performance curve.” Its development was
based on established technology and calculation meth-
ods and provides sufficient accuracy for feasibility
studies. The universal curve assumes use of a single,
glazed, selective-surface, flat-plate. water collector.
(The collector areas given in this report are for this
type of collector.) Figure 2 shows the universal curve
for space heating, which was used to determine the
amount of load that could be satistied by solar energy.
Use of this curve requires calculation of building
energy loads and compilation of on-site weather data.
Using this information, the curve relates solar system
performance to the collector area. This curve (shown
in Appendix C) can be represented by a general equa-
tion:

p =aP, +bP? [Eq 1]

where aand b = constants
p = percent load satisfied by solar

P, = (collector area X solar insolation)/
building load.

Economic Analysis

The method used to define the optimal collector area
for each building type in each region analytically com-
pares the capital costs involved in solar system acqui-
sition and installation with the present worth of the

*D. Hittle, D. Holshouser, and G. Walton, Interim Feasibil-
ity Assessment Method for Solar Heating and Cooling of Army
Buildings, Technical Report L-91/ADA026588 (CERL, May
1976) and D. Hittle, G. Walton, D. Holshouser, and D. Lever-
enz, Predicting the Performance of Solar Energy System Simu-
lation, Interim Report E-98/ADA035608 (CERL, January
1977).

fuel saved by using a solar system. The Office of the
Chiet of Engineers’ (OCE) life-cycle costing (LCC) in-
structions'® were combined with the building loads,
conventional system efficiencies. solar insolation values,
and collector areas to derive a closed-form equation
(Eq 12) that could be used to determine the economic-
ally optimum collector areas for each building type in
each region.

The net life-cycle cost is defined as the difference
between capital costs (CC) for solar system acquisition
and the present worth (PWCy) of fuel saved by using
the solar system, as shown in Eq 2.

LCC = CC — PWC; [Eq 2]
In this study, capital cost is assumed to include all
equipment costs, installation costs, a.*d the present
worth cost of operation and maintenance. It is assumed
that these costs vary directly with collector ireas, as
shown in Eq 3.

CC = YBA, (Eq 3]

where B = the solar system cost per sq ft of collector

—
I

¢ = the collector area

-~
I

=a factor which reflects the current DOD
time value of money.

Y can be determined using Eq 4:

(1 +i)"n

Y=(|+“n 1

1Eq 4]

where 1= DOD time value of money
n = facility life (years).

The capital cost represents money spent for the solar
system which is in excess of costs associated with the
conventional heating: the conventional system is as-
sumed to be auxiliary to the solar system.

The present worth of fuel saved by the solar system
is given in Eq S.

" OCE Life Cycle Costing Instructions (Department of the
Army, May 1971).
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Figure 2. Universal curve for sofar heating systerms.
PWC, = MQE PO [Eq 5] n = the number of years.
m
The universal curve presented in the solar simulation
: wherepp, = the monthly percent of load met by solar section is described in Eq 7:
as given in Eq |
Pm = 2P + Py [Eq 7]
D = the cost of energy/Btu
where a.b = constant derived from the universal curve
n = the efficiency of the conventional heating
system Ppm = the Y value determined on a monthly basis
Qrm = the monthly heating load AcQcm
Pim = [Eq 8]
Ql_m

M =a factor which reflects the overall cost of
fuel at a specific inflation rate over the fa-

g where Q¢m = monthly solar radiation energy on
cility life.

the collector

M is given in Eq 6. Qpm = monthly energy requirements
" (I +i)p — |
A [Eq 6] Pyn = the X value given on a monthly basis.
where i = the overall inflation rate of fuel Inserting Eq 7 into Eq S yields Eq 9:

- .
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Substituting for Py, from Eq 8 and CC tfrom Eq 3
yields Eq 10:

aMD N

LCC = YBA,
n

AcQem [Eq 10]

Savings are maximized when the slope of the LCC
curve is zero. This is obtained by differentiating Eq 10
with respect to collector area and setting it equal to
zero.as shown in Eq 1 1:

dLCC o aMDs o o
dA, S n ;Q‘"m [Eq 11]

2MD ¢ Qem
n ‘n'{QLm 4

The normalized area where this occurs is obtained by
solving for A and is given by Eq 12:

nYB — aMD E Qcm
m

A¢/optimum = Q.2 [Eq 12]
~ ‘m
MDY (6‘—~ )
m Lm

Eq 12 can be substituted into Eq 10 to determine the
life cycle cost at the optimum collector area. The value
obtained for the life-cycle cost represents the savings of
a solar energy system only if it is negative, i.e.. the
money saved over the facility life exceeds the addition-
al money spent for the solar equipment.

Figure 3 shows the life cycle cost of solar systems
versus collector area based on the above formulae.
The lowest point on the curve represents the collec-

tor area which maximizes the dollar savings A 1S

Copt”® :
given in Eq 12. The crossover point represents the col-
lector area which maximizes the fuel savings at zero
dollar payback.

The following information is required in order to
use Egs 10 and 12 to determine solar system economic
feasibility:

1. Installed solar system component costs

1o

. DOD time value of money
3. Present cost of fuel

4. Projected fuel inflation rates

(2

. Efficiency of conventiona' heating system.

This study was performed for various values of solar
system costs. The Federal Energy Administration’s
proposed installed solar system costs of $9, $15, and
$20 per square foot were used. These costs include the
collectors, pumps. piping, heat exchangers, storage, and
controls, Annual operating and maintenance costs are
assumed to be offset by the reduced cost of maintain-
ing the conventional heating system.

The DOD time value of money assumed in this study
was 10 percent* (a comparison of data fora 6.5 percent
DOD time value of money is included in Chapter 3);
this assumes that the money could be invested at these
rates and therefore requires solar systems to achieve
that rate of return.

When the cost data have been determined, it is
necessary to establish the life-cycle cost for the fuel
used by the conventional system and for the fuel saved
by using solar energy for a portion of the building load
based on the estimated solar system performance. The
present fuel cost used in this analysis was $3.50 per
million Btus, which is comparable to approximately
$.50/gallon of No. 2 fuel oil.

The tuel cost differences associated with the con-
ventional system building loads and solar system con-
tributions were determined, and fuel inflation rates
(including general inflation) of 10 percent and 8.5 per-
cent for the 20-year system life were applied.

3 FinDINGS

Building Inventory
Building inventory data were obtained by state, and
solar radiation and climatic data for building load

*Generally, the Office of Management and Budget also
requires the use of 10 percent real rate of discount for the eval-
uation of government investment projects.
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Figure 3. Life cycle cost vs. collector area.

determination were obtained for four cities represen-
tative of each climatic region (Figure 1).

The area of each building category in each region
was determined by summing individual state inventor-
ies (see Table 1). The table shows that approximately
700 million sq ft (63 million m?*) of DOD buildings (40
percent of total DOD inventory) have been considered
in this report. It was not possible to determine either
the actual roof area available for rnounting a solar sys-
tem or the building orientation from these inventories.
It was therefore assumed that if a building did not have
the proper roof area or orientation, portions of the solar
system could be installed at ground level.

Load Determination

The monthly building heating loads for the eight
building types were determined for the four solar
insolation/climatic regions by the EUI method.

The monthly loads were then normalized by divid-
ing the load by floor area of the considered building

(see Tables 2, 3.4,and 5). The tables show the month-
ly heating and domestic hot water heating load for
cach building type in thousands of Btus per square foot
of building area. The building’s normalized loads were
then multiplied by the total area of buildings of that
type. Table 6 shows the total estimated loads by region
and building type.

These tables show only average regional figures
based on the particular structure that was analyzed and
do not represent actual building loads for all locations
in the region.

Economic Analysis

Since the building inventories did not include the
number of buildings. but rather the total area of each
building type, building loads were normalized to square
foot of floor area. Similarly, the optimum s¢!ar collec-
tor area was calculated on a per square foot of building
basis for each region, using Eqs 10 and 12. Tables 7
through 10 give results of these calculations; these ta-
bles represent optimum collector area only for the




R

four cities studied. These collector areas were used as
averages for the building types studied for each region
to determine the potential market.

The assumptions and factors used to calculate these
tables were:

1. Installed solar system costs can be described on a
basis of square foot of collector.

2. Building loads for each region are based on aver-
age climatic and solar data from a specific city, and are
used as an average for the entire region.

3. Buildings selected for load determination are rep-
resentative and can be expected to exhibit loads which
are average for most buildings of that type.

4. Initial fuel costs are $3.50 per MBtu.

5. Total inflation rates used in the study were 10
percent and 8.5 percent.

Based on a 10 percent DOD cost of money and a
fuel inflation rate of 8.5 percent. Table 7 shows that a
solar collector area is not optimum until the installed
system cost approaches $9/sq ft. As the economic as-
sumptions become less stringent (Tables 8, 9. and 10),
the optimum collector area increases for the three
system costs, and solar system applications become
feasible at higher installed system costs. In addition,
the tables also show that solar system cost-effectiveness
is extremely sensitive to both the time value of money
and the predicted fuel inflation rates.

The cost of installed solar systems required to pro-
duce cost-effective solar utilization was determined by
setting Eq 11 to zero and solving for B (installed sys-
tem cost). Table 11 gives the results of this calculation.
The installed solar heating system becomes cost-effec-
tive when the price reaches the value shown in the ta-
ble. These values are considerably lower than current
costs for installed solar systems.

Market Potential

The market potential for solar heating system util-
ization was determined for each region by multiplying
the optimum collector areas by the regional area (in
square feet) of the building type being considered. Ta-
bles 12 through 14 show the sensitivity of the market

potential for three system costs for one economic scen-
ario (i.e., 10 percent DOD time value of money and 10
percent total fuel inflation rate). Tables 15 through 20
show the market potential for variations of the DOD
time value of money and total fuel inflation. The re-
gions of greatest market potential for solar systems
fluctuate based on installed system cost. This is due
to the various insolation and building load ratios which
determine the amount of fuel that can be saved. The
tables show that a significant market potential for solar
heating and hot water systems does not occur until the
installed system costs decline to less than $20/sq ft
($215/m?). Table 21 shows the total market potential
for the eight building categories for each of the four
economic condition scenarios.

4 concLusIONS

The building types included in this study consisted
of 683 million sq ft (61.5 million m?), or 40 percent
of the DOD building inventory. The annual estimated
space-heating and domestic hot water load for these
buildings is 103 X 10'? Btus. which is equivalent to
$360 million of $.50/gal heating oil.

Family housing. by virtue of its large area (319
million sq ft [23.7 million m?*]), consumes more than
40 percent of the estimated DOD space-heating and
domestic hot water load of the buildings studied in
each region.

For the FEA-recommended economic parameters
(i.e., 10 percent time value of money and 8.5 percent
total tuel inflation rate), solar space heating and hot
water heating 1s not economical in comparison to oil
heat until total installed solar system costs become $14/
sq {t (S150/m?). When installed system costs reach $9/
sq ft. the potential market becomes 172 million sq ft
(15.5 million m?) of solar collectors.

For all economic scenarios considered, family hous-
ing provides the largest single market potential for
solar space heating and domestic hot water heating. At
the recommended economic parameters, this market
potential becomes 102 million sq ft at $9/sq ft (10.2
million m? at $97/m?).




Table 1
Building Area for Each
Insolation/Climatological Region (Sq Ft X 10°)

Region
Buildiag Type | 1] 1 v Total
framily Housing 78.0 85.3 78.6 774 319.3

Bachelor Enlisted Quarters (BEQ) 34.8 34.0 28.9 25.3 123.0

Bachelor Officers’ Quarters (BOQ) 5.2 7.4 4.5 4.1 212
Administration Building 143 13.5 2030 241 72.2
Training 4.0 6.0 6.6 9.8 26.4
Operational 11.5 13.8 12.7 144 52.4
Community Support 1.9 220 2.1 24 8.5
Recreational 16.1 16.4 13.2 1'5.2 60.9
Total 1658 178.5 1669 172.7 6839

(SI Conversion Factor: 1 sq ft = .09 m?

Table 2
Region ] (Los Angeles, CA)
Estimated Heating Load per Building
(kBtu/Sq Ft)

Month!

Rldg. Type Sep Oct  Nov Dec Jan Feb Mar Apr May Total

Administration 2717 430 1002 16.28 1941 16.35 16.10 10.75 7.56 101.54
BLQ 3.22 377 53l 7.02 797 7.01 7.30 5.84 481 49.19
BOQ 1.83 241 401 5§91 691 590 6.19 466 3.56 41.38
Operations 266 4.15 10.09 15.77 18.77 15.83 1557 1038 7.29 100.11
Training 256 401 935 1527 1814 1531 1508 10.02 7.03 96.77
Family Housing 2.11 2.57  5.03 8.62 10.70 8.50 9.01 6.19 428 57.01
Support 0.10 010 0.10 024 046 0.12 0.0 0.10 0.10 0.63
Recreation 1.62 201 394 6.33 768 6.36 588 422 280 4085

(SI Conversion Factors: I sq ft = .09 m?
I kBtu = 1.0551 x 10")
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Table 3
Region 11 (Charleston, SC)
Estimated Heating Load per Building
(kBtu/Sq Ft)

Month

Bldg. Type Sep Oct  Nov Dec Jan Feb Mar Apr May Total

Administration 024 450 17.30 2714 @ 27.95 2371 1872 4.31 0.24 124.11
BEQ 2.87 437 793 1169 1191 10.77 9.02 4.27 287 65.70
BOQ 1.37 300 6.79 10.65 1087 971 792 290 1.37 54.58
Operations 0.24 434 16.77 26.29 27.09 23.04 1820 4.15 0.24 120.36
I'raining 0.25 4.19 16.26 2546 26.24 2237 17.68 4.01 0.25 116.71
I'amily Housing 2.k 305 1004 10.37 1657 1389 1134 293 2,11 7241
Support 0.10 0.10 0.71 2.04 2.09 1.51 .11 0.10 0.10 7.76
Recreation 095 219 696 1099 1130 9.29 7.32 225 095 5220

(SI Conversion Factors: 1 sq ft = .09 m?
1 kBtu=1.0551 x 10*)

Table 4
Region I (Columbia, MO)
Estimated Heating Load per Building
(kBtu/Sq Ft)

\Month

Bldg. Type Sep Oct  Nov Dec Jan Feb Mar Apr May Total
Administration 351 1457 3568 S1.00 58.02 46.35 41.13 20.17 832 278.75
BLQ 360 7.22 15.22 2099 23.56 19.21 1882 9.66 5.33 123.61
BOQ 2.21 6.07 14.24 20.02 22.60 18.23 17.84 8.57 4.06 113.84
Operations 338 14.14 3458 4956 5649 4497 40.03 19.62 8.06 268.81
Training 327 1372 3349 48.12 5497 4360 38.74 19.08 7.82 262.81
Family Housing 2011 866 21.36 30.69 3455 27.64 2567 12.28 4.80 167.76
Support 010 056 353 684 822 662 434 154 0.10 31.86
Recreation 205 584 1473 2224 2588 23.03 1643 8.03 344 121.37

(S1 Conversion Factors: 1 sq ft = .09 m?
| 1 kBtu = 1.055J x 10%)
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Table §
Region IV (Madison, WI)
Estimated Heating Load per Building

(kBtu/Sq Ft)
Month
Bldg. Type Sep Oct  Nov Dec Jan Feb Mar Apr May Total
Administration 12.06 28.20 54.05 75.38 83.33 74.17 64.30 38.16 2043 450.08
BEQ 6.16 1237 2290 29.66 34.81 30.65 26.67 17.29 9.72 190.23
BOQ 498 [1.33 2193 28.70 33.87 29.70 25.71 16.30 8.63 181.15
Operations 11.71 27.34 52.58 73.75 81.65 72.51 62.70 37.06 19.84 439.14
Training 11.36 2649 51.12 72.12 7997 70.86 61.10 3597 19.26 428.25
Family Housing 6.62 1697 3298 44.72 51.09 4397 38.60 23.25 11.32 269.52
Support 0:37 1.88 7.33 1196 1334 1125 9.23 4.03 0.65  60.06
Recreation 487 1094 21.80 34.19 37.74 3269 2786 15.18 740 192.67
(SI Conversion Factors: 1 sq ft = .09 m?
1 kBtu = 1.0551 x 10*)
Table 6
Total Estimated Heating Load by Building Category
Btu X 10"*
Region
Building Type I 1 1 v Total
FFamily Housing 44 6.1 13.2 20.8 44.5
BEQ 1.7 22 3.6 4.8 12.3
BOQ 0.2 0.4 0.5 0.7 1.8
Administration 1.5 1.7 5.7 10.3 19.2
Training 0.4 0.7 1.7 4.2 7.0
Operations 1.2 i 34 6.3 12.6
Support - - 0.1 0.1
Recreational 0.6 09 1.6 29 6.0
Total 10.0 1349 29.7 50.1 103.5

(SI Conversion Factor: 1 sq ft =.09 m?)
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Table 7

Optimum Collector Area Per Square Foot of Building Area
Region 1 11 111 v
Building Type 9 {5 20 9 15 20 9 15 20 9 15 20
Nhmnistiation 06 + IHEA 0 061K
BLOQ 0.183 0.128 0.331 0.286
BOO 0.142 ’ 0.098 0.249 0.254
Operations 0.250 0.169 0.463 0.598 - -
I'raining 0.242 0.163 - 0.449 - - 0.580 - -
Family Housing 0.133 0.113 - 0.282 - — 0.354 - -
Support 0.017 - 0.025 - - 0.028 — ~
Recreation 0.118 0.082 - 0.234 - - 0.246 - o
Time Value of Money = 107, I'uel Inflation Rate = 8.5%
*The values obtained were negative, indicating that the solar system was not cost effective.
(S1 Conversion Factor: 1 sq ft =.09 m?)

Table 8

Optimum Collector Area Per Square Foot of Building Area
Region 1 1 111 1\4
Building Type 9 15 20 9 15 20 9 15 26 9 15 20
Administration D414 0213 0045 0456 0.089 * 0.805 0.380 0.026 1.000 0.206 -
BEQ 0.292  0.150 0.032 0.334 0.065 0.557 0.263 0.018 0913 0.095 -
BOQ 0.226 0.117 0.025 0.256 0.050 0418 0.197 0.014 0810 0.085 -
Operations 0400 0206 0.044 0441 0.086 0.778 0.367 0.025 1.000 0.199 -
Training 0385 0.199 0.042 0426 0.083 0.754 0.356 0.024 1.000 0.193
Family Housing 0.251  0.097 0.295 0.058 - 0474 0.224 0.015 1.000 0.118 -
Support 0.0631  0.012 0.028 - 0.089  .006 - 0.089 0.009 =
Recreation 0188 0.097 0021 0.214 0.042 0.392 0.185 0.013 0.784 0.082 -

T'itne Value of Money = 1097, Fuel Inflation Rate = 1077

*The values obtained were negative, indicating that the solar system was not cost effective.

(SI Conversion Factor: 1 sq ft = .09 m?)
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Region
Building Type
Administration
BEQ

BOQ
Operations
Training

Family Housing
Support

Recreation

r——TTE T

(SI Conversion Factor: 1 sq ft = .09 m?)

Region
Building Type
Administration
BEQ

BOQ
Operations
Training

Family Housing

Support

Table 9
Optimum Collector Area Per Square Foot of Building Area
; [ 1} 1 v
9 15 20 9 15 20 9 15 20 9 15 20
0.365 0.131 * 033 0.701  0.206 1.00
0.257 0.092 0.268 (0485 0.143 0.712
0.199 0.072 0.205 0.364  0.107 ) 0.638
0.352 0.126 0.353 0.667 0.199 1.00
0339 0.122 0.342 0.656 0.193 [.00 -
0.213 0.034 0.237 0413 0.121 - 0.880 - -
0.027 0.004 0.011 0.069 0.070 - -
0.166 0.060 0.171 0.342  0.100 0.612 — —
Time Value of Money = 6.57, I'uel Inflation Rate = 8.57%
*The values obtained were negative, indicating that the solar system was not cost effective.
Table 10
Optimum Collector Area Per Square Foot of Building Area
1 ] 11 v
9 15 20 9 1. 20 9 15 20 9 15 20
0484 0.329 0.200 0.583 0300 0.065 0952 0.624 0352 1.00 1.00 0.087
0.341 0.232 0.141 0427 0220 0.047 0.658 0432 0.243 1.00 0.565 0.040
0.264 0.180 0.109 0327 0168 0.036 0494 0.324 0.183 1.00 0.501  0.036
0467 0317 0.192 0563 0290 0.062 0920 0.603 0.340 1.00 1.00 0.084
(0.450 0306 0.18 0.544 0.280 0.060 0.891 0.585 0.329 1.00 1.00 0.082
0304 0.186 0.087 0377 0.194 0.042 0.561 0.368 0.207 1.00 0.699 0.050
0.038 0.023 0.011 0.052 0.118 0.054 0.117 0.085 0.004
0.220  0.150 0.091 0.273 0.141 0.030 0464 0304 0.171 1.00 0485 0.035

Recreation

Time Value of Money = 6.57%, I'uel Inflation Rate = 107

*The values obtained were negative, indicating that the solar system was not cost effective.

(S1 Conversion Factor: | sq {t= .09 m?)
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Time Value of Money/

Fuel Inflation Rate

10%/8.5%
10%/10%
6.5%/8.5%

6.5%/10%

Region
$14.20
$21.40
$18.40

$27.80

Table 11
Solar System Cost Required for Maximum Dollar Savings*

Region 11 Region 111 Region
$10.90 $11.70 $10.40
$16.50 $17.70 $15.70
$14.20 $15.20 $13.60
$21.40 $23.00 $20.40

\%

*Based on collector area that optimizes use of solar energy for heating and domestic hot

water heating.

v

87.4

Table 12
Potential Market*--$9/Sq Ft
Sq Ft X 10°

Region
Building Type 1 1 1
Family Housing 19.6 25.2 373
BEQ 10.1 11.3 16.1
BOQ 1.2 1.9 1.9
Administration 59 6.2 16.3
Iraining 1.5 2.5 5.0
Operations 4.6 6.1 99
Support 0.1 0.1 0.2
Recreational 3.0 35 5.2
Total 46.0 56.8 91.9

*DOD Time Value of Money = 107

Total Fuel Inflation = 107

(SI Conversion Factor: I sq ft=.09m?)

Total

169.5

60.5

8.3

7159

v

9.1

24

0.3

5.0

1.9

2.9

Table 13
Potential Market*—$15/Sq Ft
Sq Ft X 10°

Region
Building Type 1 1 I
I'amily Housing 7.6 49 17.5
BEQ 5.2 2.2 7.6
BOQ 0.6 0.4 0.9
Administration 3.0 1.2 Tl
Training 0.8 0.5 24
Operations 24 1.2 4.6
Support - - -
Recreational 1.5 0.7 24
Total 12.1 1.1 431

*DOD Time Value of Money = 10%
Total Fuel Inflation = 10%

(S Conversion Factor: 1 sq ft =.09

m?)

Total

391

202
16.9

5.6

5.8

98.1




Building Type
Family Housing
BLEQ

BOQ
Administration
Training
Operations
Support

Recreational

TR e

Table 14
Potential Market*-$20/Sq Ft
Sq Ft X 10°

Region

| 11 111 v
1.2
0 0.5
0.1 0.1
0.6 0.5
0.2 0.2
0.5 0.3
0.4 0.2
1.9 3.0

Total

*DOD Time Value of Money = 107

Total Fuel Inflation = 107%

(SI Conversion Factor: 1 sq ft=.09 m?)

Building Type
Iramily Housing
BEQ

BOQ
Administration
Training
Operations
Support

Recreational

Table 15
Potential Market* -$9/Sq Ft
Sq Ft X 10°
Region
| 1 11 v
237 322 440 114.3
11.9 14.5 19.0 30.2
1.4 24 2.2 44
6.9 7.9 19.3 62.2
1.8 3.2 59 23.6
54 7.8 137 36.1
0.1 0.1 0.2 0.3
L 4.5 6.1 15.6
547 726 1094 286.7

Total

*DOD Time Value of Money = 6.5

Total Fuel Inflation = 107%

(SI Conversion Factor: 1 sq ft =.09 m?)

Total

0.4

0.8

0.6

4.9

Total

214.2

10.4
96.2
34.6

61.9

——

Table 16

Potential Market*—$15/Sq Ft

Building Type
Family Housing
BEQ

BOQ
Administration
I'raining
Operations
Support
Recreational

Total

Sq Ft X 10

Region

| u m
14.5 16.6 28.9
8.1 7.5 12.5
0.9 1.2 1.5
4.7 4.1 12.6
1.2 el 39
3.6 4.0 7.6

0.04 0.1 -
24 23 4.0
354 375 710

*DOD Time Value of Money = 6.5%

Total Fuel Inflation = 107%

(SI Conversion Factor: 1 sq ft =.09 m?)

Building Type
FFamily Housing
BEQ

BOQ
Administration
Training
Operations
Support

Recreational

v

54.1

14.3

2.1

294

7.4

135.7

38

1.0

0.1

2.1

0.8

1.2

0.5

Table 17
Potential Market*—$20/Sq Ft
Sq Ft X 10°

Region

1 1 m
6.8 3.6 16.3
49 1.6 7.0
06 03 0.8
2.8 0.9 -1
0.7 04 2.2
2.2 09 4.3
G 0.5 23
19.5 8.2 400

Total

*DOD Time Value of Money = 6.5%

Total Fuel Inflation = 10%

(SI Conversion Factor: 1 sq ft =.09 m?)

| S—

95

Total

114.0

42.3

5.

50.8

18.0

279.5

4.1

8.6

0.0

4.7




Table 18 Table 20
Potential Market*—-$9/Sq Ft Potential Market*—-$15/Sq Ft
Sq Ft X 10° Sq Ft X 10°
Region
8t Region
Building T 1 i 1 v
g type i Building Type I nooom v Total
amily Housing 0. 7 22.2 27.
I'amily Housing 10.4 6 7.4 69.6 Vimilé Housing )7 9.5 12.2
g ) 7
BEQ 64 44 96 72 216 BEG e i y 2.3
BOQ i 0 10 3s 8OO o et s 0.9
St 5
Administration 3.7 24 9.7 149 30.7 Administration 19 i 42 o 6.1
Training 1.0 S 10 Al S04 Training e e 1.8
ations 2 ) :
Operations 29 23 5.9 8.6 19.7 Operations 1.5 5 25 0 4.0
i3 h .2 ;
Support 0.1 0.1 0 otk i 3 h B o
ecreational 1.9 1.3 3 ).
Hectoniion ? : 2] 20.0 Recreational 1.0 - 1.3 - 23
Total 27.0 21.7 54.7 8. 2
b e Total T SO 34.6
*DOD Time Value of Money = 107
Total Fuel Inflation = 8.5% *DOD Time Value of Money = 6.5%
(SI Conversion Factor: 1 sq ft =.09 m?) Total Fuel Inflation = 8.5%
(SI Conversion Factor: 1 sq ft =.09 m?)
Table 19
Potential Market*-—$9/Sq Ft
Sq Ft X 10°
Region Table 21
Building Type 1 I i v Total Market Potential for Solar Heating and Hot Water
Sq Ft X 10°¢
Family Housing 16.6 20.2 325 68.1 137.4
Time Value of Money 10% 10 % 6.5% 6.5%
BEQ 8.9 9.1 14.0 18.0 50.0 Total Fuel Inflation 10% 8.5% 10 % 8.5%
BOQ 1.0 15 1.6 2.6 6.7 Installed System Cost
Administration 5.2 4.5 14.2 24.1 48.0 $ 9/Sq k't 413 172 523 320
Training 14 2.1 4.3 9.8 17.6 $15/8q It 98 279 34
Operations 4.0 49 8.5 144 31.8 $20/Sq It 9 - i -
Support 0.1 0.1 0.2 04
(SI Conversion Factor: 1 sq ft =.09 m?)
Recreational 2.7 2.8 4.5 9.3 19.3
Total 399 45.1 719.7 146.5 311.2

*DOD Time Value of Money = 6.57%
Total Fuel Inflation = 8.57

(SI Conversion Factor: 1 sq ft = .09 m?)




CITED REFERENCES

ASHRAE Handbook of Fundamentals (American So-
ciety of Heating, Refrigeration, and Air-Condition-
ing Engineers, 1972).

Climatic Atlas of the United States (U. S. Department
of Commerce, 1968).

Duffie, J. A. and W. A. Bechman, Solar Energy Thermal
Processes (Wiley, 1974).

Engineering Weather Data, AFM 88-8, Chapter 6 (De-
partment of the Air Force).

Hittle, D., D. Holshouser, and G. Walton, /nterim Feas-
thility Assessment Method for Solar Heating and
Cooling of Army Buildings, Technical Report E-
91/ADA026588 (U. S. Army Construction Engi-
neering Research Laboratory [CERL], May 1976).

Hittle, D., G. Walton, D. Holshouser. and D. Leverenz,
Predicting the Performance of Solar Energy Svstem
Simuldation, Interim Report E-98/ADA035608
(CERL, January 1977).

OCE Life Cycle Costing Instructions (Department of
the Army, May 1971).

Solar Energy Government Buildings Program, Policy
and Implementation Plan (The Mitre Corporation,
January 1977).

Windingland, L. M. and D. C. Hittle, £nergy Utiliza-
tion Index Method for Predicting Building Energy
Use, Technical Report E-105 (CERL, May 1977).

Windingland, L. M., G. N. Walton, and D. C. Hittle,
Market Potential Study: Solar Domestic Water
Heaters in DOD Barracks, Technical Report E-102/
ADAO036479 (CERL, February 1977).

UNCITED REFERENCES

Bliss, R. W.. “The Deviation of Several Plate Efficiency
Factors Useful in the Design of Flat-Plate Solar Heat
Coltectors,” Sodar Energy, Vol 3, No. 4 (1959).

Klein, S. A., “*Calculation of Flat-Plate Collector Loss
Coefficients,” International Solar Energy Society
Meeting, Fort Collins, CO (1974).

TRNSYS, A Transient Simulation Program (Solar Ener-
gy Laboratory, University of Wisconsin, 1974).




APPENDIX A:
ENERGY UTILIZATION
INDEX (EUI) METHOD

EUI is a manual computational method specifically
designed to analyze the heating and cooling energy re-
quirements of Army buildings. The method uses a vari-
ety of physical building data and specific meteorolog-
ical data to determine the monthly and annual building
heating loads. The pertinent data required to use this
method are:

1. Monthly heating degree days
2. Incident solar radiation per month
3. Monthly average wind velocity

4. Exterior walls and roof compositior: and area

(¥,

. Window and glass area
6. Number of doors and windows
7. Underground floor and wall composition
8. Floor areas
9. Inside set-point temperature
10. Mechanical ventilation rate
11. Occupancy levels
12. Boiler/furnace efficiency.
The EUI method, developed from extensive com-

puter simulations, disaggregates the total heating load
into five individual load components:

1. QHgny = building envelope heating load
2. QHynyp = infiltration heating load
3. QHgap = solar radiation heat gain

4. OHpppor = heating load due to underground
floors and walls

o

. QHyn 1 = internal heat gain.

The total monthly heating load, QHyoTAL, is then
determined by using Eq Al:

QHyoraL = QHpny + QHing — QHrap + [Eq Al
QHyyoor — QHynt

Values for separate equations for each factor in Eq
Al are obtained from building data, weather data, and
tables and curves presented in the EUI method.

The heating load from conductive heat transfer
through the building envelope, QHpny . is primarily a
function of (1) the envelope area, (2) the conductance
of envelope materials, (3) the inside temperature, and
(4) the outside temperature.

The building envelope is defined as the total area of
all building surfaces (walls, roofs, windows, floors, and
doors) which are exposed to the outside air.

The conductance of envelope materials, or the build-
ing equivalent U-value. is the weighted average thermal
conductance for the exposed building envelope area.
This value is determined as follows:

1. The areas of each surface type are calculated.

2. Each surface is multiplied by its U-value from
ASHRAE tables."!

3. The products of the structural envelope areas and
U-value are summed and divided by the total envelope
area to obtain the building envelope and equivalent U-
value.

Each monthly heating load is determined by using
the number of heating degree days (HDDs) per month.
This load is then adjusted for buildings of different
equivalent U-values by using a correlation factor pro-
vided in the EUI method which is based on envelope
load variations with envelope equivalent conductances.
In addition, correction for variations in envelope areas
is made by using the ratio of the building envelope area
to the EUI characteristic building envelope area. Final-
ly. the envelope heating load is adjusted by using a cor-
relation factor based on inside set-point temperatures.

"ASHRAE Handbook of Fundamentals (American Society
of Heating, Refrigerating, and Air Conditioning Engineers,
1972).




The infiltration load, QHjny . is a function of the air
change rate. outside weather conditions. and the inside
set-point temperature.

In family housing. the infiltration is dominated
mainly by wind velocity and factors such as door open-
ings. furnace exhaust, and bathroom fan operation.
The barracks and adnunistration buildings are assumed
to be pressurized and theretore have no infiltration
rate. Instead, thenr actual ventilation rates are used in
the calculations. It the buildings do not use outside
air and are not pressurized, standard infiltration rates
are used. The support and recreational buildings are as-
sumed to be partially pressurized. but door openings
result in an equivalent infiltration rate of 1.25 cu ft/
min (.035 m?/min) per opening.

The variation of infiltration heating loads due to
climatic effects and inside set-point temperatures is ac-
counted for by a correlation between infiltration heat-
ing loads and monthly HDDs. This correlation is not
altered by secondary effects such as solar gain and
building mass. Again, the EUI method allows for cor-
rection based on the inside set-point temperature for
the building being considered.

Solar radiation heat gain, QHg ap . through the win-
dows of the building depends on three primary variables:
(1) the total area of windows, (2) the incident solar
radiation available per location. and (3) the solar angle.
Radiation gain through windows is considered to be
directly proportional to total window areas. Incident
solar radiation on a horizontal plane varies greatly by
location, and depends on latitude, time of year, eleva-
tion above sea level. weather. and atmospheric pollu-
tion conditions. The EUI method presents tables which
provide the average daily incident radiation (in langleys
per day) for each month by location.

The solar angle varies with latitude and time of the
year: therefore, solar radiation through windows was
determined by season. and different curves are used
depending on the month being considered. The only
other factor that significantly atfects solar radiation
heat gain is building and glass orientation. The method
was developed by assuming an even glass distribution
around the building; glass distribution and orientation

tJ
wn

of the building can therefore be considered by adjust-
ing the window area.

The heating load due to floors and underground
walls, QHy oor .18 @ function of the area and U-values
of these components and the difference between inside
set-point and average ground temperature.

The heat flow through floors and underground walls
is treated as a steady-state conduction heat transfer,
with the temperature difference being the difference
between inside set-point and average ground lcmpcm;
ture.

This heating load component is adjusted by using a
correlation between HDDs and the number of hours
the building is in the heating mode. The heat flow is
calculated for each month that the building stays in
the heating mode using equations and curves presented
in the EUI method. Secondary effects such as the ef-
fect of changes in building equivalent U-value and in-
filtration rates on the duration of heating mode are as-
sumed to be minor.

The internal heat generation, QHNT, in a building is
a function of the level of occupancy, lighting, and
equipment operation, as well as the number of hours
during which the building is in the heating mode.
The schedules of occupancy, lighting, and equipment
which define the load factors for the different hours of
the day are considered when calculating the amount of
internal heat generation occurring during the heating
mode. This gain is adjusted for by using a correlation
between the monthly heating degree days and the in-
ternal heat gain.

The internal gain varies, depending on the level of
occupancy in the family residences and the occupants’
appliance and lighting usage habits. The internal gain
in the barracks is directly related to the level of occu-
pancy since occupancy variations change the occupant
load as well as equipment and lighting loads. At occu-
pancy levels less than full capacity, the usage per occu-
pant changes. since some lighting and equipment loads
are independent of occupancy levels. To adjust for
these variations, an occupancy correction factor is used.
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APPEND!X B:
BUILDING PHYSICAL DESCRIPTION

Administration Building

The administration building selected for analysis
was a two-battalion headquarters and classroom build-
ing. This building is a channel-shaped, one-story struc-
ture, with a ground floor area of 14,140 sq tt (1272.6
m?) and a basement floor area of 3000 sq ft (270 m?).
The length and width are 176 and 80 ft (52.8 and 24
m), respectively. The total exterior wall area is 7854 sq
ft (706.9 m?), of which 7 percent (554 sq ft [498.6
m?]) is comprised of single-glazed windows and glass
doors. This building was constructed in 1974 and has a
total equivalent envelope U-value of 0.21 Btu/° F-hr-sq ft.

Family Housing

The family housing building selected was a one-story,
single-family house. Its total floor area is 1573 sq ft
(141.5 m?), and its length and width are 50 and 41 ft
(15 and 12.3 m), respectively. The total exterior wall
area is 1767 sq ft (159 m?) of which 17 percent (303
sq ft [27.2 m?]) is glass area. This building was con-
structed in 1957 and has a total equivalent envelope
U-value of 0.28 Btu/°F-hr-sq ft.

Bachelor Enlisted Quarters

The bachelor enlisted quarters selected tor analysis
was a four-module, three-story barracks. This structure
has a total floor area of 24,762 sq ft (2208.6 m?); its
length and width are 216 and 46 ft (65 and 14 m),
respectively. The total exterior wall area is 11,348 sq
ft (1021 m?), of which 11 percent (1199 sq ft [108
m?]) is comprised of single-glazed windows. This
building was constructed in 1973, and has a total
equivalent envelope U-value of 0.26 Btu/ F-hr-sq ft.

Community Support

The community support building selected is a recent-
ly built (1973) commissary. This rectangular-shaped
building has a length and width of 450 and 200 ft (135
and 60 m), respectively, accounting for its 90,000 sq ft
(8100 m?) of floor area. The total exterior wall area is
24,600 sq ft (2214 m?) of which 24 percent (5952 sq
ft [536 m?]) is comprised of window or glass door
area. The total equivalent envelope U-value for this
building is 0.21 Btu/°F-hr-sq ft.

Recreation Building

The recreation building selected for analysis was an
enlisted men’s club that was constructed in 1958. This
one-story structure has a total floor area of approxi-
mately 28,607 sq ft (2675 m?). The length and width
of this building are 256 and 148 ft (76.8 and 44.4 m),
respectively. The total exterior wall area is 11,940 sq
ft (1075 m?) of which 12 percent (1488 sq ft [134
m?]) is composed of windows. The total equivalent
envelope U-value for this building is 0.24 Btu/°F-hr-
sq ft.

Operations, Classrooms

The operations and classrooms buildings were modi-
fied versions of the administration building described
previously. In analyzing the operations building, the
occupancy level was increased to 1.5 times that of the
administration building. In the classroom analysis, the
occupancy level was increased to 2.0 times that of the
administration building.

Bachelor Officers Quarters

The bachelor officers quarters analyzed was a modi-
fied version of the bachelor enlisted quarters previous-
ly described. In analyzing the bachelor officers quarters,
the occupancy level was decreased to one-third of the
occupancy level of bachelor enlisted quarters.




APPENDIX C:
USE OF UNIVERSAL CURVES

Figures C1 and C2 show universal curves for solar

hot water heating and building heating. The X axis of

the curve is the solar system performance parameter.
The Y axis, p is the fraction of Qp supplied by the
solar collector system. Use of the universal curve per-
mits determination of the percentage of the load which
can be met by any selected area of collectors. The gen-
eral equation for these curves is:

p=aPs + bP,? [Eq Cl]

where p = percent of load satisfied by solar energy

|

P = incident radiation/energy requirements.

P is defined as the ratio of annual or monthly incident
radiation on the collector array to the annual or monthly
energy requirements of the buildings; this is given by
Eq C2:

P\" ‘‘‘‘ “&]l,‘l

where A¢ = collector area

Qc = annual or monthly incident solar radiation
flux density

Q. = annual and monthly energy requirements.

To apply the universal curves requires an under-
standing of the terms Q¢ and Q.

1. Q¢ annual or monthly incident solar radiation
flux density. This is the solar {lux density on the tilted
collector array in Btu/sq ft/month or Btu/sq ft/year
(langleys/month or langleys year).

Average solar radiation data for many sites in the
United States are published in the National Oceanic
and Atmospheric Administration (NOAA) Climatic
Atlas of the United States.** Since the radiation val-
ues provided in these maps are given in daily means,
the annual and monthly values are obtained by mul-

tiplying by the number of days in the year or month.

“*Climatic Atlas of the United States (U, S. Department of
Commerce, 1968).

-
/

The Climatic Atlas of the United States also con-
tains tabulated summaries of radiation data for specific
sites. More detailed summaries are frequently available
from NOAA, local weather services, or state agencies.

Note that solar data for a particular site are usually
given in terms of horizontal radiation densities. These
numbers must be corrected for the tilt angle of the col-
lector array, since the tilt angle of the collector plate
greatly affects the amount of solar radiation striking
the surface of the plate.

Once the collector tilt angle 1s known, the radiation
flux density on the tilted collector surface can be de-
termined from horizontal radiation data. Fortunately,
there is an optimum collector tilt angle (measured from
horizontal) for each type of system. For heating sys-
tems, this optimum tilt angle, v¢, is roughly the lati-
tude plus 10 degrees; for domestic hot water systems,
it is approximately the same as the latitude. These
angles enable collection of the greatest amount of
solar energy in each application. Variations of + 3
degrees affect performance only slightly. In all cases,
the optimum azimuth angle is due south; again, slight
deviations from due south (+ 10 degrees) do not sig-
nificantly reduce system performance.

When the optimum tilt angle has been determined,
the annual rudiation flux density, Qc. on the optimally
tilted surface can be estimated from Eq C3:

Q¢ = KHy |Eq C3]
where K =a correction factor which depends on the
collector tilt

Hy = the annual or monthly radiation flux den-
sity on a horizontal surface (Btu/sq ft or
J/m?).

For solar systems using annual solar radiation data
(domestic hot water), the correction factor, K, is given
approximately by:

cos(ry — 7 —we)

cos(vL — 7) [Eq C4}

I

where vy = the latitude in degrees

"

ve = the opumum angle from the horizontal in

degrees.

Eq C3 is an empirically derived equation based on
the tesults of simulation studies and is valid only for

P T R~
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near-optimum  collector tilt angles and annual solar
radiation data.

For solar heating applications in which monthly ra-
diation figures must be used, the correction factor may
not be expressed in closed form. In this case, K must
be determined from Table C1, which gives monthly
values of this correction factor for four different
latitudes. Table C1 is valid only for optimum collector
tilt angles.

2. Qr annual and monthly energy requirements.
For using the universal curve, the energy requirements
are defined as the total thermal energy in the form of
hot water required by the building’s domestic hot wat-
er heating system or space heating system.

The type of data required to determine Qp and the
sources of that data depend on the type of system be-
ing considered. Since solar energy systems produce
thermal energy in the form of hot water (or hot air in
the case of hot air solar heating systems), consumption
or energy requirements in any other terms gallons of
oil, cubic feet of gas supplied to a boiler, or gallons of
hot water used must be converted to thermal energy
in the form of hot water (or hot air if a hot air system
is used). This usually requires accounting for the effi-
ciency of conversion equipment as well as the appropri-
ate conversion factors. The following paragraphs de-
scribe the determination of Qp for the solar domestic
hot water system and the solar heating systems.

Sotar Domestic Hot Water System
Use of the universal curve for domestic hot water
systems requires determination of the annual energy

needed for heating the hot water. The best source of

information is metered consumption data from the
building to be heated or from an identical or similar
building at the same location. The data can be for either
energy or fuel input to the hot water heater or gallons
of hot water consumed. When fuel consumption is
known, corrections for boiler efficiency must be
accounted for as discussed above. When actual consump-
tion data cannot be obtained, data can be derived from
various handbooks or tfrom local or national plumbing
codes. However, care must be exercised in using per
capita consumption data, since they are usually devel-
oped tor design purposes and are therefore often more
closely related to peak demand than to average hot
water consumption. When annual hot water demand s
determined, the annual energy consumption can be
obtained from Eq C5

Qr =DwCp(T 4t — Tin) [Eq C5)

where Q= annual energy consumption in Btu (J)
D = annual hot water demand in gal (¢)
w = density of water = 8.33 Ib/gal (1.00 kg/?)

specific heat of water = 1 Btu/Ibm °F
(4.1868 kJ/kg °K)

~
b < ]
I

Tout = temperature of hot water supply in °F (°C)
ut p pply

Tin = temperature of supply water in °F (°C).

Solar Heating Systems

Since the length of the heating season varies signifi-
cantly by site, the universal curve for solar heating sys-
tems (liquid or air) must be used on a monthly basis;
this requires obtaining the monthly energy demand for
heating.

The best source of this information is measured data
for the building to be heated or for similar or identical
buildings at the same location. These data may only be
available in terms of the amount of fuel oil used per
month or the amount of gas consumed in heating the
building or buildings. If so. the fuel consumption data
must be adjusted to account for the efficiency of the
boiler or furnace supplying the heat to the space. If
measured load data for the building being considered
are not available, they must be estimated. Typically,
solar heating systems include heating both the build-
ing and its domestic hot water. This can be accounted
for in the energy requirement by adding the monthly
domestic hot water load to the heating load.

Table C1
Menthly Correction Factors (K) for
Heating-Only Systems
(for collector tilt equal to latitude plus 10 degrees)

Month Latitude
30 35 40 45’
Jan 1.64 | K4
Feb 142 1,55
Mar 1.18 1.25
Apr 97 1.00
May 54 84
Jun 78 18
Jul 80 80
Aug 90 91
Sep 1.07 111
Oct 1.29 1.40
Nov 1 54 1.70
Dec 1.70 193

i
1
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