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Smoke on the Water:  Energy usage of the Muir-Samuelson Natatorium 

Jillian Hancock, 17 May 2009, GEOS 206-01 

 Figure 1: View of the Muir-Samuelson Pool from the South end 

Introduction and Pool History 

 During the times of the Greeks and Romans, large bathing houses were built for 

recreational enjoyment, cleansing, and ritual.  Over the centuries, the bathing house has 

evolved into a high tech facility that involves numerous resources in order to meet 

regulations for safety as well as standards expected by its patrons.  In 1987, Williams 

College completed construction of a new natatorium off of Lasell Gymnasium 

(Facilities).  The new facility entailed a 50 meter Olympic sized swimming pool with 

movable bulk heads and two one-meter and two three-meter diving boards (Figure 1).  

The pool contains roughly 800,000 gallons of water that must be treated and filtered daily 
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to meet safety and hygiene regulations.  It also must be heated for the patrons’ comfort 

and kept well lit during hours of operation.  The facility includes two sets of locker 

rooms, one public and one varsity, with running water for showers, sinks, toilets, hair 

dryers, and swim suit dryers.   

 All of these demands require a substantial amount of energy to function, and in 

light of the current interest in greening the Williams College campus and saving money 

during a time of economic crisis, it may be beneficial to assess pool facility costs in order 

to better understand how to make improvements.  For my final project, I am going to 

measure and analyze the amount of energy that is required by the campus pool facility, 

the Muir-Samuelson Natatorium.  I will specifically address improvements that could be 

made to the pool heating, lighting systems, water use, and overall usage patterns and then 

present recommendations for improving how the facility runs. 

Setting and Background Information 

Pool heating 

 The Muir-Samuelson Natatorium is heated to maintain a water temperature of 81 

degrees Fahrenheit.  This falls within the range required for NCAA swimming 

competition and provides a suitable swimming environment for its patrons.  Typically, 

during winter and spring breaks the pool is closed and not heated.  Therefore, the pool 

must be maintained at 81 degrees for approximately 49 or 50 weeks of the year. 
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 During the summer, the pool is heated an  

st is 

nd 

s 

s College Facilities during the summer of 2008 

 the 

ver 

d dehumidified by Dry-O-Trons (Figure

4).  This system reclaims water and heat from the air and returns it to the pool.  Supply 

and return ventilation at the pool cycle air through the Dry-O-Tron system and the re

released as exhaust (Figure 2, Figure 3).  The air is compressed and heated as it flows 

through the Dry-O-Trons.  Heat is transferred to the water that is being filtered a

circulated through the Dry-O-Trons 

before returning to the pool. The pool 

uses two, 10 horse power Dry-O-Tron

which run on electricity bought by the 

college (Clark).  A diagrammatic 

drawing of the Dry-O-Tron system is 

shown in Figure 11 in the Appendix.   

 Information gathered by William

found that the Dry-O-Trons required 13,020 kWh of electricity to heat and dehumidify 

the pool for three months or 4,340 kWh per month (Clark, Appendix, Table 1).  

Assuming electricity costs $0.13 per kWh, it requires $564.20 to heat the pool in

summer.  Because the Dry-O-Trons handle water and humidity, the system corrodes o

Figure 2: Supply for ventilation/dehumidification 

Figure 4: One of the Dry-O-Tron units 

Figure 3: Return for ventilation/dehumidification 
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time and the pool’s system has aged since installation in 1987.  In the winter, the pool is 

heated by steam from the Co-Gen power plant that sits behind the pool facility.  

Ventilation is provided by outside air (Clark).  The energy requirements for this d

have not been measured however it is assumed that it requires less energy to run the poo

in this manner. 

Pool lighting 

esign 

l 

rrent lighting system at the 

les 

  

.   

 consultant found the annual energy 

emand

, 

entioned earlier, the pool is kept open for approximately 49-50 weeks of the 

year.  The pool is open for public use from 7-9am, 12-2pm, and 7-9pm, Monday through 

 The cu Figure 5: Two of the metal halide lamps 

Muir-Samuelson Natatorium involves 80, 

400W halide lamps in high-bay industrial 

pendants with glass coverings (Figure 5).  

They are suspended over the pool surface 

which makes maintenance and cleaning 

difficult.  The lights provide 40 foot cand

(fc) of light at the water’s edge and 70 fc in the center of the pool for an average of 55 fc.

The optimal amount of lighting for competitive swimming is 50 fc (Naomi Miller)

 Measurements done by an outside lighting

d s of the existing lighting system to be 158,828.8 kWh and at an annual cost of 

$20,647.74 (assuming energy costs at $0.13 per kWh) (Appendix, Table 2).  Separately

facilities estimated lighting energy usage in the summer of 2008 and found that the pool 

used 29,760 kWh of electricity for three months (Appendix, Table 1). 

Pool usage 

 As m
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Friday, 10am-4pm Saturday, and 1-6pm on Sunday.  The varsity swim team uses the pool 

facility for practices between 2-6pm Monday through Friday from November to March.  

Once or twice in November and December and almost every Saturday in January the pool 

is used nearly all day (10am-7pm) for competitive swim meets.  Overall, the pool is open 

for approximately 10 hours every day during the Fall, Winter, and Spring.  In the past, the 

pool has remained open in the summer, Monday to Friday between 12-6 pm. 

 Pool usage patterns are tracked by having patrons sign-in on pen and paper with 

the pool monitor upon entering the pool deck.  The keeping and maintenance of these 

 

on 

 A erage patrons per hour for all shifts is divided by 6 

Shift Average # patrons Patrons per hour 

procedures is poorly tracked.  Official pool sign-in sheets are not always used, indication

of shift is not always recorded, and formal tallies of each shift and day are not made.  

Overall analysis of pool usage data for a month demonstrates that the pool is used most 

heavily during the week (Monday to Friday) and most patrons swim during the afterno

shift between 12-2 pm (Table 1).    

Table 1: Muir-Samuelson Pool Usage Tracking.  Information compiled from binder that 
holds most recent patron sign-ins. v

hours of pool operation per day. 

7-9 am 16.0 8.0 
12-2 pm 19.7 9.9 
7-9 pm 11.3 5.6 
Saturday (10-4) 22.5 3.8 
Sunday (1-6) 21.5 4.3 
All Shifts  45.1 7.52

 

 The p re intensively during the winter months particularly 

ovember through early March because the varsity swim team holds practices for 4 

62 

 

ool is used mo

N

hours of the day.  During those hours, the pool is closed to other patrons and the 

members of the swim team attend one of the two-hour practice times available to them
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(2:15-4:15 pm or 4:15-6:15).  Practice is mandatory and swimmers do not sign in wh

using the pool.  Also, when the pool is used for competitive swimming meets in 

December and January, nearly 100 swimmers, officials, coaches, and divers may be 

present on the pool deck for up to 7 hours of the day (estimating warm up times, 

cool down and clean up). 

 In summary, the pool seems to have the most traffic during the week, particularl

over lunch hours.  Seasona

en 

meet, 

y 

lly, the pool is used more in the winter months.  However, the 

ata co

amuelson Pool with a renewable energy source such as solar 

crease college energy usage, energy costs, and college greenhouse gas 

missio  

of 

 

ically, flat-

plate collectors are used for heating 

d llected may not represent an accurate sample of pool use because records are not 

kept and maintained in a complete and orderly fashion. 

Changing for the better 

Solar hot water 

 Heating the Muir-S

thermal would de

e ns.  However, we first have to examine the efficiency of such an option as well as

the feasibility of installing the equipment necessary to provide enough heat to maintain 

pool water temperature.  I will first explore the different types of solar thermal, what type 

best fits the Muir-Samuelson pool, 

estimate the effectiveness and issues 

the chosen system. 

 Solar hot water systems have two

forms:  flat-plate collectors and 

evacuated-tube collectors.  Typ

Figure 6: Glazed flat-plate solar collector 
diagram from RETScreen International 
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swimming pools (“Energy Savers: Solar Hot Water Heaters,” Figure 6).  Local solar 

.  

nt 

for water heating throughout 

 the 

sfer 

ergy 

s the benefits of solar hot water for the Williams 

energy contractor J. Craig Robertson explained that this is because the temperature of the 

water heated by the flat plate collector relative to the ambient air will remain relatively 

similar which means that flat-plate collectors are more efficiently matched for a pool

The flat-plate systems are usually 30% efficient while the evacuated-tube is 80% efficie

because they are better insulated (GEOS 206).  However, the flat-plates are also less 

expensive at $1125 per panel versus $4500 per evacuated-tube panel (Robertson).  

 Because Williamstown experiences temperatures below freezing in the winter, a 

solar hot water collector would need to have a closed loop circulation system that 

contained anti-freeze to allow the collectors to be available 

the year (Robertson).  In order to extract heat from the collectors in this system, we need 

a heat exchanger to transfer the heat from the solar collector anti-freeze solution to

water meant to enter and heat the pool.  This is called a liquid-liquid heat exchanger 

(“Energy Savers: Solar Hot Water Heaters”).  Craig Robertson recommends a plate 

system where the heated anti-freeze solution and the water to be heated for the pool are 

separated by a stainless steel plate.  The two solutions flow counter-currently and tran

of heat occurs across the plate.  This is called a tube-in-tube heat transfer design (“En

Savers: Solar Hot Water Heaters”). 

 The company RETScreen has designed a computer model that estimates the 

feasibility and energy savings of various clean energy technologies including solar hot 

water.  I used their program to asses

College pool facility (Appendix, Table 4).  This model provides for the following 

assumptions: a pool cover is used 10 hours every day, the pool loses 5% water volume 
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per week, 400 Stiebel Eltron SOL 25 solar panels are installed at a 45 degree angle, a 

heat exchanger to transfer heat from the solar collectors runs at 90% efficiency, #6

used year round and costs $1.80 per gallon (the steam heating system), and the college 

receives a rebate of 30% of the project costs to install this system.  Certain financial 

parameters were also assumed (see Appendix, Table 4).  In the proposed scenario, the 

panels will cost $546,000 and the college will incur cost and debt payments of $12,928 

year and save $78,897 dollars a year.  Given this situation the payback period for the 

panels would be 5.8 years (Appendix, Table 4). 

 However, we must remember that the assumptions made using the RETScreen 

model do not always hold true and there are limitations to the model itself.  For example, 

 oil is 

a 

Figure 7: Diagram of energy gains and losses from RETScreen International 
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their model calculates pool energy requirements using their own formula based on pool 

in 

nge 

f 

 is an 

t 

e pool which, given a hot summer day, could heat the pool 

 

 

f a 

surface area.  I assume that they account for the factors of energy loss that they outline 

their chapter describing solar heating shown above (Figure 7).   Their model also does not 

factor in outside costs for panel installation and other costs for changing pool heating 

infrastructure (pipes, pumps, exchangers, etc.).  Also, the RETScreen model seems to be 

designed to evaluate solar hot water systems for smaller indoor pools than the Muir-

Samuelson Natatorium.  Example projects shown by the program include pools that ra

from 200-350 sq. m. in surface area while Williams’ pool has a surface area of 966 sq. m 

(RETScreen Software).  Those factors aside, this model nicely displays the benefits o

using solar hot water to heat the pool.  However, the data must be given further 

evaluation by an engineer who would specifically analyze the Muir-Samuelson pool if 

such a project went forward. 

 An issue that may arise with solar water heating is what to do when there

excess of hot water.  A direct system like I have discussed thus far would transfer all ho

water from the collectors to th

well above the target 80 to 82 degrees Fahrenheit.  In this scenario, the collectors could

be built so that they never completely provide enough hot water to heat the pool by 

themselves but would require some input from an outside boiler or the present Dry-O-

Tron system now in place to fulfill pool energy needs.  Or, the excess hot water could be

siphoned away to a water tank that could be used for heating water for locker room 

showers and sinks.  Such a system would require a hot water tank and the installation o

more extensive piping system as well as a mechanism with which to control where the 

hot water is going for a particular day (Robertson). 
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 So, assuming Williams employs the use of flat-plate collectors and heat exchange 

system I attempted to estimate how much excess energy may be produced by the solar 

collectors at peak production.  This would most likely occur on a sunny and clear summer 

at 

Thousands of Btu Per Panel Per Day 

day.  Assuming the panels will produce the C ratings from the Stiebel Eltron Rating Chart 

(Table 2), on a clear day, one panel will produce 30,000 btu per day.  Also, assuming th

400 panels are installed, this system will produce 12 million btu per day.  The estimated 

energy demand to heat the pool per day can be derived from estimates from facilities 

calculations of Dry-O-Tron usage (Appendix, Table 1) or the model using oil #6 from the 

RETScreen program (Appendix, Table 4).     

Table 2: Stiebel Eltron Sol 25 Plus, Glazed Flat-Plate Solar Collector Thermal 
Performance Rating Chart 

Category (Ti-Ta) Clear Day, 2000 
2Btu/ft  d 

Mildly Cloudy, 
1500 Btu/ft2 d 

Cloudy Day, 1000 
Btu/ft2 d 

A (-9° F) 39 29 20 
B (9 ° F) 35 26 16 
C (36 ° F) 30 21 12 
D (90 ° F) 20 11 3 
E (144 ° F) 10 3 - 
A-Pool Heat
Water Heati

ing (Warm Cli  Heating (Coo  Heating ate) D-
ng (Cool Climate) E-Air Conditioning 

 numbers fr ate t n a summer day th ool would require 

verage energy demand for pool heating over the course of the year for #6 oil will be 

 

mate) B-Pool l Climate) C-Water  (Warm Clim

 

 The om facilities estim hat o e p

2.87 MMbtu per day to heat the pool water.  The RETScreen model estimates that the 

a

18.01 MMbtu (Table 3).  The facilities estimate suggests there will be excess energy on a 

peak production day.  The RETScreen model suggests there will not be excess energy. 

However this estimate is based on data over the course of an entire year whereas the 

facilities Dry-O-Tron estimate focuses solely on summer usage—the same time when 
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peak energy production should occur.  We must accept that there are limitations and 

errors within both of these estimates however it seems safe to assume that when the 

panels are at peak production, excess energy would be available. 

ments for heating the Muir-Samuelson using data 
from RETScreen model (Oil #6) and Williams Facilities’ estimation (Dry-O-Tron) 

Oil #6 Dry-O-Trons 

Table 3: Calculations for daily energy require

43,831.90 gallons/year 35 kw 
150,000 btu per gallon 840 kw/day 
6,574,785,000 btu/year 3,412.3 btu per kw 
6,574.79 MMbtu/year 2,866,332 btu/day 
18.01 btu/day 2.87 /day MM MMbtu

 

 During the summ m  

gas provides y to he ow m s in Chandler 

ymnasium and the pool.  Average summer natural gas usage for Chandler Gymnasium 

om M

 10 

Table 4: Natural Gas use of
Gymnas 08 
(Sustain

Mont

er onths when the panels would be at peak production, natural 

 the energ at water for sh ers and do estic use

G

fr ay to September 2008 was 400 CCFs or 40 MMbtu (Table 4, Figure 8).  

Assuming, facilities’ estimate of 2.67 MMbtu to heat the pool is correct the excess

MMbtu generated by the solar collectors on a peak production day could be used to 

reduce the amount of natural 

gas required to heat water for 

domestic uses. 

 Chandler 
ium Complex for Summer 20
ability at Williams) 
h Natural Gas 

(CCF) 

Figure 8: Natural Gas use of Chandler Gymnasium 
Complex for Summer 2008 (Sustainability at Williams) 

May 419 
June 352 
July 404 
August 451 
September 491 
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If natural gas prices are $1.25 per CCF, then it currently costs $500 per month for natural 

gas at Chandler Gymnasium.  Assuming all that gas goes toward heating shower water 

e $1 quire 300 CCF instead of 400 CCF. 

Pool cove

 A pool cover is a simple and relatively inexpensive addition to a pool that can 

reduce evaporative losses from the pool and thus lower dehumidification and ventilation 

ance.  

 automatic retrieval system may require extensive installation and new 

frastr

mated 

00 

able 

entila

(some gas is also used for dryers), using the solar panels on a peak production day would 

sav 25 because the showers would re

r 

needs when the pool is not in use.  The Muir-Samuelson pool would require a large cover 

to span its 10,400 sq. ft. surface.  The Sebesta-Blomberg energy report from 2008 

recommends the addition of a self-winding and potentially automated pool cover system 

for the pool in order to minimize the effort required by pool staff and mainten

However, an

in ucture on the pool deck (Sebesta-Blomberg).   

 The report says that a pool cover may reduce space moisture loading and heating 

requirements when the pool is closed to the extent that HVAC and heating systems would 

not be required during off-hour periods (Sebesta-Blomberg).  The recent report esti

that a pool cover would cost $96,000 to implement and save 156,100 kWh of electricity 

and 430 Mlb of CHP steam.  The plans would avoid costs of $26,000 annually and 1

metric tons of CO2 emissions per year.  The estimated payback period is 3.7 years (T

4). 

V tion options 

 The current Dry-O-Tron dehumidification system used at the Muir-Samuelson 

pool is in poor condition due to the corrosive nature of their application (Clark).  Because 
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the system is in bad condition it may not effectively or efficiently dehumidify, heat, or 

ventilate the pool.  The Sebesta Blomberg energy recommendation report addresses this 

issue with two potential options for improvement.   

 Table 4: Sebesta-Blomberg Report on Energy Savings and Paybacks for Pool 
Cover and Dehumidification Options 

ECM Description entation Annual 

Savings 

Annual 

Savings 

Cost Simple 

(yrs) 

Avoided 
issions 

(metric 

2  

 Implem
Cost Electricity 

(kWh) 

Steam 

(Mlb) 

Avoidance Paybacks Em

tons 
CO /yr)

Add Pool Co  ver $96,000 156,100 430 $26,000 3.7 100
Pool Dehumidification 
Options 

$424,000 347,900 (530) $38,000 8.4 66 

 

 Option one involves using only outdoor air 

equipment with air-to-air re currently located.  

roject ar ir  p w v

by a new boiler to be used in the summer (wh rom the Cogen plant is not 

available) and/or a solar collector system as previously discussed.  Option two repla

u n units w esic sed ey w  use 

generation heat from a new summer boiler and/or solar collection (Sebesta-Blomberg).   

h 

ew 

exchange for ventilation and installing 

heat recovery where the Dry-O-Trons a

This p  would require a l ger outside a  duct and

en steam f

ool heating ould be pro ided 

ces 

the old deh midificatio ith new d cant-ba  units.  Th ould

re

 The Sebesta Blomberg report estimates the implementation cost of a new 

ventilation system at the pool to be $424,000.  The new system would save 347,900 kW

of electricity and potentially 530 Mlb of steam depending on which option is 

implemented (a new boiler would not save steam).  The annual cost avoidance of a n

ventilation system would be $38,000 and the payback period would be 8.4 years (Table 

4). 

Lighting improvements 
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 Presently, Williams has been working with Naomi Miller Lighting Design

to get recommendations and estimates for new lighting systems for several athletic 

facilities including the Muir-Samuelson natatorium.  For the pool, they have 

recommended GLA series architectural lighting, specifically fixtures F5 and F6 (Figure 

9).  These lights would be mounted end to end around the perimeter of the pool deck so 

they

, LLC 

 could be easily accessible for maintenance.  Each fixture contains six lamps so the 

o provide full, 2/3, or 1/3 output.  Different output levels could be 

utilized for different pool activities.  For example, competitive swim meets would require 

full output but for open swim, PE, and swim practices, lighting could be reduced to 2/3 

output at considerable cost and energy savings (Naomi Miller). 

 The lighting recommendations suggested by Naomi Miller Lighting Designs, LLC 

would save energy and lighting costs.   Total annual energy use with the proposed system 

would be 111,773.38 kWh, opposed to the current system which uses 158,828.80 kWh 

annually.  Annual energy cost would be $14,530.54, saving the college $6,117.21 every 

year compared to the present system.  Total equipment cost (not including labor) to 

lights can be turned on t

Fig  Proposed lighting system recommended by Naomi Miller Lighting Designs, LLC ure 9:
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install the proposed lighting system would be $36,340.00.  The payback period of the 

new lighting system would be 5.9 years (Appendix, Table 2). 

Tracking pool usage and schedule 

 My intention in analyzing the intensity of pool usage was to make 

recommendations about when and how often the pool should be open.  However, it m

be best to first invest in an orderly and systematic way of documenting and saving poo

usage information.  Such a change would not be expensive but

ay 

l 

 would require the 

coordination and cooperation of pool monitors to create consistency in the record keeping 

process for patron sign-in.  Perhaps, patrons could be signed in using a simple Excel 

spreadsheet on a computer however this would involve a computer and consistency with 

data entry.  Once a better system for tracking pool usage is in place, this data could be 

used to adjust pool hours to better serve patrons and help decrease energy costs incurred 

by pool operation. 

Conclusions and proposal for change 

Williams College can improve how efficiently the 

se options 

urrent 

 There are various ways that 

Muir-Samuelson Pool runs.  However, the feasibility and practicality of the

must be assessed before diving into new projects.  I recommend that the College 

approach the possible improvements in this order:  improve the tracking of pool usage, 

install a pool cover, upgrade the lighting system, and then improve or replace the c

heating system with solar hot water. 

 Creating an organized pool sign-in procedure would help facilities and pool 

management understand when the pool is used most intensively so they can adjust pool 

hours to meet the needs of their patients in an efficient manner.  This project would 
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require the least time and resources to implement but would require the cooperation of 

pool staff.   

 Installing a pool cover would provide benefits for the pool that may help alleviate 

gy usage and cost as well as facilitate 

aintenance operations required as the new 

end solar hot water last because it is a project that requires much more 

application of solar heating at the Muir-Samuelson Natatorium a consultant should be 

believe that these recommendations should be seriously considered as a means of 

the energetic stress put in place by the current heating and ventilation system.  The pool 

cover also had a relatively quick payback period at 3.7 years (Sebesta-Blomberg).  

However, pool staff must be charged with covering and uncovering the pool manually 

unless a more complex automated system is installed.  Another option would be to cover 

the pool during winter and spring breaks—approximately three weeks of the year.   

 An upgraded light system would lower ener

m lighting system would be located around the 

perimeter of the pool deck rather than suspended above the pool. Better quality light is 

also an improvement that patrons can noticeably enjoy and reap the benefits of a well-lit 

and energy efficient environment.   

 I recomm

planning and involvement that all the others.  However, it is a well matched system for 

heating the pool water and probably the best renewable energy option in terms of energy 

use and GHG reduction to be used for the pool facility.  To further understand the 

hired to assess the feasibility of a solar heating system considering the pool design and 

current heating infrastructure. 

  As these projects are implemented and improvements in energy usage occur 

Williams could become a leader in green and sustainable initiatives in athletic facilities.  I 
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decreasing campus emissions and energy costs.  Such changes can have positive effects a

many scales and Williams College a

t 

nd the Williamstown community is a great place to 

tart. 
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Appendix: 
 
Table 1: Facilities Report on Swimming Pool Energy Use Over Three Months 

 
 
 
 
 
 
 

Utilit ost r 3 Mon     y C Fo ths     
Electricity           

  
s uc e
m  Elec-KWH 

Hr
su

red ed p
mer

r 
KW     

AHU 2     ,  h ins 232 30            66 960  air andl g   
Ligh 32    9, lights rs per day ts 930             2 760   10 h
Dry- roO-T ns 372 35             1 020     3, heating m in winter   stea
Poo m 1 12    3,l Pu ps 116             1 392      
Total               12 132     3,     
            
Wat nd w  er a  Se er          

  
ti ted 
o s  o ower on

CCF - bic 
t

Es
Sh

ma
wer

cu
feeGall n/Sh Gall s    

Sho 4 10    6, 62.2wer 650             4 500    
poo k in a
was      5, 20.1

d to check this with l ma
h 

e up cl b ck 
  

nee
Bea             1 000  

Tota   l     82.2   
            
            
            
Rates   Total Cost       
Elec/KWH $   0.12 $14,775.84     
W+S/CCF $   9.14 $751.48     
Water and Sew    er        
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Report provided by Naomi Miller Lighting Designs, LLC.  Hour assumptions based on estimate of 88 hours per week, which includes 
hours per week of varsity meets and practices, 46 hours per week of PE, intramural, and open swim with 10 hours of maintenance.

Assumptions do not include savings from partial switching or maintenance savings.

Table 2: LT4 - Chandler Pool  

32 
  

Existing System Proposed System 
17,200 (full) (half) Varsity (full) Intramural (2/3) Cleaning (1/3) 
Illuminances: Target 50fc 50 fc 25 fc 52 fc 34 fc  17 fc 
ULuminaire Data U Existing Existing F5 F6 F5 F6 F5 F6 

1) Number of luminaires 80 40 16 20 16 20 16 20 
2) Lamp type 400W MH 400W MH 54W T5HO 54W T5HO 54W T5HO 54W T5HO 54W T5HO 54W T5HO 
3) Lamps per system/luminaire 1 1 12 18 8 12 4 6 
4) System wattage 460 460 708 1062 472 708 236 354 
5) Lamp life, hours 20,000 20,000 25,000 25,000 25,000 25,000 25,000 25,000 
6) Total kW in lighting 36.80 18.40 11.33 21.24 7.55 14.16 3.78 7.08 
7) Power density by type, (w/ft2) 2.14 1.07 0.66 1.23 0.44 0.82 0.22 0.41 
8) Power density by control group 2.14 1.07 1.89 1.26 0.63 

Annual Energy Use                  
1) Weekly operating hours 78 10 32 32 46 46 10 10 
2) Number of weeks per year  50 50 50 50 50 50 50 50 
3) Annual kWh use by fixture type 149,260.80 9,568.00 18,849.79 35,343.36 18,064.38 33,870.72 1,963.52 3,681.60 
4) Annual kWh use by control 

group 158,828.80 54,193.15 51,935.10 5,645.12 

5) Total annual kWh use 158,828.80 111,773.38 
Annual Energy Cost 

                
1) Energy cost per kWh   $0.13 $0.13 $0.13 $0.13 $0.13 $0.13 $0.13 $0.13 
2) Cost by fixture type $19,403.90 $1,243.84 $2,450.47 $4,594.64 $2,348.37 $4,403.19 $255.26 $478.61 
3) Cost by control group $19,403.90 $1,243.84 $7,045.11 $6,751.56 $733.87 
4) Total annual energy cost  $20,647.74 $14,530.54 

Return on Investment                 
1) Equipment cost per fixture     $790.00 $1,185.00         
2) Equipment cost by fixture type     $12,640.00 $23,700.00         
3) Total equipment cost      $36,340.00           
4) Energy cost savings per year     $6,117.21           
5) Payback period of new vs existing system, years  5.9           
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Table 3: Performance Rating Sheet for Stiebel Eltron Sol 25 Plus, Glazed Flat-Plate Solar Collector System 
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Tab del - Heating project le 4: RETScreen Energy Mo

Heating project                 
  Technology   Solar water heater           
  Load characteristics                 
  Application  Swimming pool             
    Hot water             
    Unit Base case Propose a e d c s           
  Type   Indoor             
  Area m² 966.0 966.0           
  Cover use h/d 0.0 10.0           
  Temperature °C 27.0 27.0           
  Makeup water %/w 5% 5%           
 
  

 

Percent of month used Month               
  Supply temperature method   Formula             
  Water temperature - minimum °C 3.6             
  Water temperature - maximum °C 13.3             

    Unit Base case Pr a e oposed c s Energ saved y 
Incremental initial 

costs       
  Heating   MWh 1,587.1 992.5 37%         
                    
  Resource assessment                 
  Solar tracking mode   Fixed             
  Slope ˚ 45.0             
  Azimuth ˚ 0.0             
  Solar water heater                 
  Type Glazed    $           546,600        
  Manufacturer Stiebel Eltron           
  Model SOL 25 Plus           
  Gross area per solar collector m² 2.73           
  Aperture area per solar collector m² 2.48           
  Fr (tau alpha) coefficient   0.72           
  Fr UL coefficient (W/m²)/°C 3.96           
  Temperature coefficient for Fr UL (W/m²)/°C²               
  Number of collectors   400 342           
  Solar collector area m² 1093.20           
  Capacity kW 694.40           
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  Miscellaneous losses % 4.0%             
                    
 Table 4 continued:         
  Balance of system & miscellaneous                 
  Heat exchanger yes/no Yes           
  Heat exchanger efficiency % 90.0%             
  Miscellaneous losses % 3.0%             
  Pump power / solar collector area W/m² 10.00             
  Electricity rate $/kWh 0.100             
                    
  Summary                 
  Electricity - pump MWh 26.5             
  Heating delivered MWh 785.8             
  Solar fraction % 79%             
                    
  Heating system                 
 
  

 

Project verification 
  Base case Proposed case Energy saved         

  Fuel type   Oil (#6) - gal Oil (#6) - gal           
  Seasonal efficiency   85% 85%           
  Fuel consumption - annual gal 43,831.9 5,707.9 gal         
  Fuel rate $/gal 1.800 1.800 $/gal         
  Fuel cost $ 78,897 10,274           
                    
                    
Financial Analysis                 
                    
  Financial parameters                 
  Inflation rate % 2.0%             
  Project life yr 20             
  Debt ratio % 0%             
  Initial costs                 
  Heating system $ 546,600 100.0%           
  Other $   0.0%           
  Total initial costs $ 546,600 100.0%           
  Incentives and grants $ 163,980 30.0%  
  Annual costs and debt payments     

 

     
  O&M (savings) costs $       
  Fuel cost - proposed case $ 12,928      
  Other $       
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  $ 12,928      Total annual costs 
             
 Table 4 continued:        
  Annual savings and income          
  Fuel cost - base case $ 78,897      
  Other $       
  Total annual savings and income $ 78,897      
             
  Fi   nancial viability        
  Pre-tax IRR - assets % 18.7%      
  Simple payback yr 5.8      
  Equity payback yr 5.4  
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Figure 11: Diagram of the Dry-O-Tron ventilation and water heating system 


