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* the number of days that the heat pipes were not operating, because the
temperature was below 65°F;

* the dates and number of days that heat pipes and heaters were operating at the
same time, because outside temperature was below the set point temperature but
above 65°F;

* the dates and number of days when heating was required, days that were below
68°F in winter and below 72°F during other periods;

* the dates and number of days that required dehumidification (days in which the
RH was >50% at room temperature), and the number that did not.

* absolute humidity in g/m’ (AH).

0 AH was calculated with the following formula in Excel®:

1.591386+D2
D2+240.7263 H

ll= LAAA} 2
' = 21X x ——x100| |¥((273.15+ D2)! (1)

M6 I"A#1X10

where D2 represents the mean temperature in °C and H2 the mean relative
humidity (Vaisala Oyj, 2013);!
* relative humidity at room temp given outside relative humidity by implementing
the following steps (Mahidol Wittayanusorn School), (Vaisala Oyj, 2013):

1. calculate the AH;

2. calculate the saturated vapor density in g/m® (SVD) using the following
empirical formula in which 7 represents temperature in °C:
I = 508 4 I3 817 H#8x 10,2 4 3. #$x 10 L (2)

3. divide AH by SVD and multiply by 100 in order to determine RH.
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Solar PV Cell Efficiency, Heater Energy Consumption, and Solar Energy Potential

The solar PV efficiency and cell size were used in conjunction with the heater energy
consumption and energy generation potential data, to calculate the area and number of
PV cells needed for placement of a sufficient number of solar cells to power the heaters,
expressed in terms of both m” and acres. This was accomplished by dividing the power
load of the heaters used in the heat pipes (L) by the efficiency of a given cell (Epy), and
then dividing that answer by (4 kWh/m?/day +24 hours) (4 is the lowest expected
kWh/m?/day “possible” in the area). It was divided by 24 hours to account for the fact
that the 4 kWh is generated over the course of 24 hours; this results in the area (in m?)
needed to generate the electricity required in a worst case scenario (where minimum
average solar energy is provided at all times) (4py). The 4 kWh/m?/day value is also
used to aid in allowing for the space needed to avoid cross-shading, maintenance,
inspection, and other factors that wouldn’t be accounted for otherwise. It is also
important to mention that the irradiance levels do not remain the same throughout the
day, but the 4 kWh/m*/day is an average throughout the day. The formula for this

process is:

_ Ln/Epy 3)
4 kWh/m?/day
24 hours/day

Apy

Where Apy is area (in m?) needed to generate the electricity in a worst case
scenario: Ly is the power load of the heaters (in kW); and Epy is Efficiency of
given PV cell (as a decimal).

Efficiency for the heaters was not factored in because, according to the SEO, the heaters

are 100% efficient, thus no energy loss (Study Site Energy Official, 2013). The total
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number of cells was calculated by dividing the given cell area by the area needed to

generate the needed energy.

Financial Data Processing

The approximate cost of PV installation was calculated using the average installed
cost for solar PV installations greater than 100 kW according to Table 15, and
multiplying it by the total power load of the heaters (Feldman, Barbose, Margolis, Wiser,
Darghouth, & Goodrich, 2012). This approach was taken because the costs given in the
NREL report are for installed capacity, which is calculated to meet the energy needs of
the location at which the PV is being installed, and already accounts for the efficiency of
the cells and the PV energy generation potential of the location. The one-time utility
incentives were calculated from those relevant to the facility site (North Carolina State
University; NREL, 2013), (North Carolina State University; NREL, 2012).

The Florida Renewable Energy Production Tax Credit was somewhat more
complicated to consider. Installed capacity and area calculated was assumed to be the
minimum solar irradiance of 4 kWh/m?/day on each day throughout the year as a
conservative measure, in order to maximize assurance that the PV system accounts for
all electricity required by the heaters. In reality, the average annual solar irradiance
ranges typically between 5.5 and 6.0 kWh/m?/day, dropping as low as about 4
kWh/m*/day only in December (NREL, 2013). The most probable tax credit scenario
was estimated as follows:

1. The most frequently-occurring solar irradiance value in a given month was

determined within a 0.5 kWh/m”/day range (for instance 5.5-6.0 kWh/m*/day)

the larger was used and the quotient of the most probable irradiance level and the
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lowest irradiance level (4 kWh/m*/day) was calculated, (i.e. if the given was 5.5-
6 the calculation would look like 6/4 = 1.5) this quotient was used to calculate the
most probable amount of electricity generated from the PV installation.

. The monthly frequency distribution of the solar irradiance values throughout the
year was then determined by calculating the number of days at each irradiance
level. (i.e. the higher of the average irradiance levels was 5.0 in September and
November, each has 30 days, so 30 + 30 = 60 days the irradiance level was at 5
kWh/m?/day, so the frequency distribution for the irradiance level of 5 would be
60 days out of the year).

. The following formula was then applied in order to obtain a dimension-less
factor for the actual irradiance level versus the “worst case scenario” irradiance
and also to obtain the total amount of electricity generated by the PV installation

at the given irradiance level during the year:

[Ci X (%) X 24] XD (4)
Where C; represents the installed capacity of the PV system (in kW)
assuming a PV energy generation potential of 4 kWh/m?/day; IR
represents the most probable solar irradiance level for a group of days; and
Dy 1s the frequency distribution of a given solar irradiance level (IR). The
result was multiplied by 24 in order to account for the fact that the system
was sized to generate the energy needed to completely power the heaters
all day (24 hrs), so the capacity needs to be multiplied by 24 hours to
account for the fact that the system is providing the given “x” kWh/m?*/day

every hour.
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4. Equation 4 was then applied for each of the different irradiance levels.

5. The quantities determined in Step 4 were summed and then multiplied by $0.01
(the amount given per kWh generated by the tax credit) (North Carolina State
University; NREL, 2013)

6. This final result represents the best estimate of annual tax credit accounting for
the varying solar irradiance level throughout the year.

Since the heaters would likely be used even when dehumidification was not active, the
annual cost savings (and thus the current annual cost) due to energy consumption is
calculated according to the following steps:

1. Calculate the number of days below 72 °F for spring, summer, and fall; and
below 68 °F for winter; 72 °F and 68 °F are the set point temperatures for the
conditioned spaces and processed air is used to maintain these temperatures
(Study Site Energy Official, 2013).

2. Calculate the electricity cost per hour to run the heaters by multiplying the sum
of the total electric heating capacity (in kW) by 1.07 to account for transmission
loss, then by the cost per kWh ($0.0655 per kWh) (Study Site Energy Official,
2013).

3. Multiply the result from Step 2 by 24 hours to determine the cost to run the
electric heaters for one day.

4. Multiply the result from Step 3 by the answer from Step 1 which represents the
cost savings attributable to reductions in energy required from the grid needed
and associated energy costs to run the heaters throughout the year. In algebraic

terms:
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Cost, = [(HC X Cost, X 1.07) x 24] x A1 (5)
where Cost, is the annual cost to run heaters (this would also be the
amount saved due to energy savings if PV is installed); HC represents the
total capacity of all electric heaters in kW; Cost, is the cost of electricity
in $/kWh; and A1 is the results from Step 1, the number of days during
which heating was required.
The approximate initial cost with incentives was estimated by subtracting the two one-
time incentives from the calculated installed cost of the PV. The undiscounted payback
period (UPBP, in years) was then calculated using the following formula:

(Cost; — Ior)
UPBP = —— 1 0T7 (¢
(FLrc + S4)

Where Cost; is the initial cost ($); lor is the amount paid out from the one-time
incentives ($); FLrc is the amount paid out annually from FL renewable energy

production tax credit ($); and S4 is the annual savings from reduced energy usage

($).

Emissions and Fuel Data Processing
The emissions and fuel usage values were more straightforward to calculate.
Annual fuel usage was determined as follows:
1. Determine the total kWh consumed in a year by multiplying the total heating
capacity in kW by 24, then by 1.07 (to account for transmission loss), then by the

number of heating days
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2. Multiply the result from Step 1 by the amount of oil required to generate 1 kWh
as found on the EIA website (Energy Information Administration, 2012):

Oil Consumed = [(HC X 24) x 1.07 XA1] x P (7)

Where HC is the total capacity of all electric heaters in kW; Alis the
number of days that heating was needed (calculated for Equation 5
already); and P is the amount of oil (US gallons) need to generate 1
kWh of electricity.

3. Oil was assumed since it is the primary fuel used in FL for energy generation.

Annual emissions were calculated as follows:

1. Annual MWh consumption was estimated by multiplying the electrical load of the
heaters (in kW) by 24 hours, then by 1.07 to account for transmission loss, then
by the number of heating days, this represents the total kWh as above, then this is
divided by 1000 to express as annual MWh consumption.

2. The MWh consumption is then multiplied by the emissions factor in lbssMWh
obtained from (EIA, 2010) as shown below:

[(HC x 24) x 1.07 x A1]
1000

Annual Emissions = X EF (8)

where HC is the total capacity of all electric heaters in kW; 4 /is the
number of days heating was needed (calculated with Equation 5 already);
and EF ' is the emissions factor in Ibs/MWh.

3. Equation 8 was applied to Sulfur Dioxide, Nitrogen Oxides, and Carbon Dioxide
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The natural gas used to heat the hot water used in heaters that don’t use electric
heaters was calculated in the following manner:

1. Capacities of the heaters were summed to determine total MBtu/hr

2. The total from Step 1 was multiplied by 1000 to get the Btu/hr

3. The total from Step 2 was multiplied by 24 to determine Btu/day

4. The result from Step 3 was then divided by 100,000 to determine the number of
therms of natural gas consumed in a day

5. The number of therms was then multiplied by the billing rate for the natural gas
(which is on a per therm basis and was obtained from the SEO) to get the daily
cost.

6. The result from Step 5 was then multiplied by the number of days that required
heating to obtain the annual heating cost

7. The formula for this would be:

HCpy X 1000 X 24
100,000

Costyy = ( X Costt) x A1l (9)

where Costyw 1s annual cost to run hot water heaters in heat pipes; HC,, is
total capacity of heaters (in MBtu/h) using hot water in the heat pipes;
Cost, is cost per therm of natural gas; and is 4/ is the number of days
heating was needed (already figured for Equation 5).

8. No additional calculations were performed with regard to this form of heating.
After the annual cost to run hot water systems was calculated; the complexity of
the system that would need to be installed was determined; along with the
complexity involved in calculating a reasonably accurate capital cost was

determined; it was decided that it would be impossible to calculate a reasonably
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accurate initial cost with the available information. In order to further explain
solar hot water heating and address why more detailed assessments are needed on-
site, more research was performed to gain more insight into the components of a
solar hot water system and how they are arranged in different types of systems.

This information is presented in the first part of the results & analysis section.

Priorities for Analysis

Once all requisite values were calculated as described above, the resultant data along
with the information described in previous chapters were analyzed with guidance from
the facility and with consideration for specific environmental concerns that are described
below:

* The SEO emphasized that financial savings were a major priority of the facility.

* The SEO also articulated that simplicity of the system is important because it
minimizes the need for maintenance and reduces outages. These factors relate
directly to minimization of costs and with respect to logistics given that the
facility is in use twenty-four hours each day, 7 days each week (Study Site Energy
Official, 2013). The facility operates in this manner throughout the entire year,
with un-planned outages presenting extreme inconvenience, and where even
routine maintenance requires a great deal of planning and coordination.

* The Facility also has corporate citizenship goals (described in more detail later)
that must be met. The current goals have already been met but the SEO
anticipates new goals being set in the near future. The current and future goals

consider (or will likely consider) GHG emissions and renewable energy sources,
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and the 2012 performance summary also stated that new goals would likely be
announced in the near future.
* As mentioned, the environmental impacts associated with installation of PV and

reduction of fuel requirements were considered.

With these priorities in mind, the data and associated information were analyzed to
determine what, if any, improvements could be justified to reduce the cost of operating

the heaters in the heat pipe dehumidification systems.
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Results & Analysis

Hot Water Heat Pipe Heaters and Solar Hot Water

As seen in Table Al in the appendix, there is a fairly even split between electric strip
heat and central hot water being used to reheat air after it leaves the heat pipes, with 11 heat
pipes using electric strip heat and 9 using hot water (Study Site Energy Official, 2013). Itis
also important to note that the annual cost to operate the hot water heating systems is more

expensive than running the electric heaters as shown by Tables Al and 19.

Table 19: Gas and Electricity Costs

Cost of electricity $/kWh This cost (282,195 Therms/year @ $0.6038/Therm
0.0655
Cost- $/Therm of Natural Gas with the 80% efficiency given by the SEO= $170,389.34 per
0.6038 . . .
Total Electricity cost/hr (5) year) suggests that pursuing a retrofit would likely yield
45.4439

economic benefit. The issue is that because of the complex
Total Gas cost/hr ($)

96.80 | nature of integrating solar thermal into an existing hot water
system an accurate cost would be extremely difficult if not impossible to obtain without an
onsite inspection performed by an experienced professional with access to all of the relevant
system. (Study Site Energy Official, 2013).

One critical factor is that hot water flow rates through the heater in these systems can
be varied (Study Site Energy Official, 2013). Such control suggests that the $170,389.34
per year in fuel cost is likely to be reduced in cases when the heaters do not need to operate
at maximum capacity. Further, these systems do not often need to operate all day, as was
assumed to be the case in order to estimate the annual cost of operation; these particular

systems provide air to maintain the set-point temperature and need not necessarily provide

neutral air or be on constantly, rather they operate as “on-demand” systems. This suggests
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that when the EMS/BCS determines a rise in entering air temperature is needed, it switches
the system on and sets it to the appropriate heating setting, then turns the system off when it
is determined that heating is no longer needed. This means that the annual cost is likely
lower than the $170,839.34 estimated.

It is also important to note that these systems are already connected to a central hot
water system that provides hot water for other uses. This means that the heating system only
needs a heat exchanger, variable volume valve or pump, and some connections to the central
system, making it much simpler than a solar system (Study Site Energy Official, 2013).
This is because the type of solar thermal system needed (likely an indirect active system — a
system that is actively pumped and where the water is heated by a refrigerant/coil that is
heated by the sun and not directly by the sun) would need a refrigerant, multiple heat
exchangers, storage tank for the water, a pump, and heating system exposed to the sun, in
this case likely an evacuated tube system (U.S. Department of Energy, 2012).

The reason an active indirect solar thermal system would likely be best suited for
this location is because the pumps help control the volume of water being used and with the
hot water storage tank the water being heated can be stored for hours until it is needed (U.S.
Department of Energy, 2012). The storage capability is important since the most heating
would be needed at night (Study Site Energy Official, 2013).

Along with the above information, it is important to note that if the system were to
be roof mounted structural loads would need to bear much high loads for the water storage
tanks, or else have them mounted elsewhere on the premises. If they were mounted
somewhere else on the premises then measures to inconspicuously install pipes and pumps

would also need to be taken, adding more to the costs and complexity. The cost of a solar
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hot water system also varies greatly; it was found that in OECD countries the price ranges
from $460 - $2050 per kW of installed heating capacity (REN21, 2013). This wide variance
in price is due in part to the cost of labor, parts, availability of components, quality of solar
resource, and specifics to the site (REN21, 2013). For example, it tended to cost more for a
retrofit than a new installation due to the extra labor involved (REN21, 2013). This wide
range of prices and the lack of available information regarding the hot water system and
other location specific information make it impossible to assess an accurate cost.

Having the heaters in the central hot water loop may also invite a “single point of
failure” situation where if the central hot water system goes down, so does the heater.
However, this heating system is extremely well maintained; if it goes down, the chance of it
going down on a day that would need heating is 34% of the chance of failure and 24% on a
day that would require the heat pipes and heating (Study Site Energy Official, 2013). This
single point of failure argument can also be rebutted with the fact that if solar thermal is
installed it would add many more systems to fail (mainly pumps, tanks, and collectors for all
the systems required) and add more components to maintain as opposed to one main boiler.

Another operating parameter to consider is the water temperature required for the
heaters. The water in the hot water system is 160°F, which is fairly high for a solar hot
water system solar as they typically heat water to the mid to high 90s°F (Fu, Pei, Ji, Long,
Zhang, & Chow, 2012). This is well below the temperature required for the heaters in the
heat pipes (Study Site Energy Official, 2013). There are two types of systems that can be
used to heat water to the temperatures required, these are flat-plate collectors and evacuated
tube collectors. For flat-plate collectors the highest temperatures are generally only

reachable when the sun is directly aligned with the panels (Sunmaxx Solar Hot Water
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Solutions, 2012). The evacuated tube collectors are generally capable of maintaining water
at over 200°F even when outside air temperatures reaches below freezing (maximum
temperatures range from 170°F to 350°F). They are also capable of generating these high
temperatures at a variety of solar altitude angles; this would make them well suited for the
heat pipe heaters (Sunmaxx Solar Hot Water Solutions, 2012), (U.S. Department of Energy |
Energy Efficiency & Renewable Energy, 2013).

The downside with both of these systems is that they tend to be fairly expensive and
large (Sunmaxx Solar Hot Water Solutions, 2012), (U.S. Department of Energy | Energy
Efficiency & Renewable Energy, 2013). The size issue is especially important for the
evacuated tube systems, as they are extremely efficient and run the risk of over-heating and
over-pressurizing when the water gets too hot. Because of this it would need to be over-
sized to avoid over-heating and pressurization or have a “dummy load” to dump excess heat
into (which would add to the space requirement) (U.S. Department of Energy | Energy
Efficiency & Renewable Energy, 2013). The issue of overheating is especially relevant
because the heater would not likely be used when the solar irradiance is at its highest (this is
because heating is usually not needed when solar irradiance is higher, this is shown in Table
A2 in the appendix) unless they are connected to the existing hot water system and used for
normal hot water loads (again adding more complications). Because of this the hot water
would not get used as often and would build (along with pressure) for extended amounts of
time; so this must either be compensated for when designing the system (as mentioned
before) or the heater can be connected to the rest of the system and allow the water to be

used.
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One must also consider the time of year when these heaters are most often needed,
which is typically during the colder months when a lower solar irradiance prevails. This
means that in order to make them effective they would have to be sized to provide the hot
water required during the coldest months and remain under-utilized during the warmer
months when they are most efficient, or else used to supplement the boiler. This suggests
that the solar thermal heating system would take up a fair amount of space, only be utilized
for its original purpose about 34% of days, and be utilized to its full capacity an even lower
amount of the time. This point is verified by examination of Table A2 which shows the
mean temperature, date, and solar irradiance in kWh/m”/day and the pattern that is shown is
that typically as the temperature drops, so does the solar power generation potential. Tables
26 & A2 also show and summarize the days during which heating would be necessary, and
thus the days when the heaters would be active.

The existing technique of using hot water from a central source to meet the heat
pipes re-heat requirements is cost effective. The fact that the annual cost is $170,389.34 to
operate the hot water heaters makes it likely that installation of a solar thermal system to
provide an alternative heating source would be a worthy investment. But without proper
investigation into the buildings heating systems, it is impossible to obtain any semblance of
an accurate capital cost. Further, solar thermal systems would require possible structural
reinforcement, would involve a fairly large investment due to the relatively high
temperatures needed, and would only be used ~1/3 of the time for their intended purpose.
Thus, the current approach appears to be an appropriate one. Even though the current
system requires the burning of natural gas to obtain heat, the fact that the system is already

installed and simpler than any solar hot water system that could be added, suggests that the
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status quo is the most attractive option for the present time. But it is also possible that an in
depth investigation into the costs and benefits of installing solar thermal heating capabilities
would yield favorable results. Because of the complexity, lack of access to needed
information (namely hot water system schematics and labor costs from local installers), the
wide range of possible costs, and the lack of incentives, PV was focused on for this thesis
since a usable conclusion and recommendation could not be drawn with available

information.

Electric Strip Heat Pipe Heaters and Solar PV
As was observed in Table Al, eleven of the twenty heat pipes use electric strip

heating (this is demonstrated by the fact
Table 20: Solar PV Needed Capacity Summary

, that eleven heat pipes shown in Table Al have
PV summary
PV Cell type

Sunpower - Gen3 Maxeon Cell
Cell area (mm*2)

values in the “Heating kW” column and nine

16900 | have values in the “Heating MBtu/h” column),

Cell efficiency (%/100)

0.225

. which would consume a great deal of energy
Assumed kWh/m*/day

4
Area of solar cells/panels needed
(m®)

and cost only slightly less than the hot water
18,501.33 = heating system as can be seen in Table 21. In

Area of solar cells/panels needed

(acres) 15 Table 21, the Annual energy savings is equal to

# Cells needed h 1 fel .. h .
1,004,754  the annual cost of electricity to run the electric

strip heaters. There is the potential for significant energy and cost savings.

As shown in Table 20, the most efficient production PV cell model is the
Sunpower Gen3 Maxeon cell, which can operate at a peak efficiency of 22.5%
(Solarplaza, 2012), (Sunpower, 2011). Table 20 also describes the number of cells and

associated area would be required to generate sufficient electricity at the most



82

conservative value of irradiance to
Table 21: PV Financial Implications

) . power all heaters at full capacity. The
Financial/Fiscal Results
Approx. Initial cost for solar cells ($) w/o incentives

$3.378.806.00 number of panels needed would be

Total Utility Incentives
$150,000.00 15,205, 11,404, or 8553 depending on

Florida Renewable Energy Production Tax Credit

Max/year . .
$85.087.63 which size panel was used. Table 21

Approx. Initial cost for PV w/ incentives shows a summary of the financial
$3,228,806.00
Annual energy savings (from reduced energy

. implications of installing PV, as can be
consumption)

$145.875 | seen there are a possible $150,000
Undiscounted payback period (years)

3981 worth of one-time incentives to be

used toward the installation price of the system. The cost of the system with incentives
was calculated to be approximately $3.2 million.

One caveat to consider is that this analysis assumed an installed cost of $4.87/watt
installed consistent with the NREL PV Price report by (Feldman, Barbose, Margolis,
Wiser, Darghouth, & Goodrich, 2012) for systems >100 kW. The same report also
mentioned that utility-scale installations (defined as installations between 2 and 10 MW
in capacity) are subject to more uncertain prices depending on the specific situation
(Feldman, Barbose, Margolis, Wiser, Darghouth, & Goodrich, 2012). The NREL report
gave the following prices per watt for utility-scale systems:

*  $6.25 was the highest price

* $3.42 was the capacity-weighted average price in 2011

* $2.97 was the lowest price
If the initial costs (fewer incentives) are based upon the prices shown above, the results

vary according to Table 22.
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Table 22: Undiscounted Payback Period and Initial Cost for PV System Adjusted for

Different Prices/W.
Cost - $/Watt Initial Cost for PV system ($) PBP (years)
Minimum $2.97 $1,549,810.00 6.71
Maximum $6.25 $4,186,250.00 18.13
Average $3.42 $2,222,796.00 9.62

As shown, there is significant cost variation to be considered when working on a large
scale. As the installed capacity increases, the installed cost per watt generally decreases
(Feldman, Barbose, Margolis, Wiser, Darghouth, & Goodrich, 2012). It is not
unreasonable, therefore, to assume that a system of the size in question (693.8 kW) would
have an installed cost closer to $3.42/Watt as opposed to $4.87/Watt (Feldman, Barbose,
Margolis, Wiser, Darghouth, & Goodrich, 2012).

The initial cost is not the only financial aspect to be concerned with; one must also
consider the annual energy savings, the continuous incentives, and ultimately the PBP.
As shown in Table 21, the annual energy savings from reduced heater energy
consumption were the same as the annual energy costs ($145,875) (Study Site Energy
Official, 2013). Also shown in Table 21, the annual tax credit was found to be
$85,087.63 per year, which would likely vary year to year due to variations in solar
irradiation. When these annual savings are added together the total repeating annual
savings/credit pertaining to the installation of PV cells ($230,963) is determined. From
this the PBP of the system considering only the energy saved from reduced heater energy
use is determined, which for an installed cost of $4.87/W would be 13.98 years, although

this is a conservative estimate because of the economics of scale pattern mentioned above.
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The PBP for three alternate prices are also shown in Table 22 above. There is a variation

of over 10 years between the shortest and longest PBP, and a difference of 4.36 years

between the 2 median PBPs; this suggests that it is critical to receive a highly accurate

estimate from the company that installs the system.

A major benefit of PV in this application is that, when not being used to power

Table 23: Financial fringe benefits of PV installation

the heaters, the PV

system they can

generation (years)

Approx. Initial cost for PV w/ incentives

Undiscounted payback period (years)

Florida Renewable Energy Production Tax Credit Max/year

Possible annual Savings w/ PV being utilized full-time

Annual energy savings (from heater reduced energy consumption)

$596,337

Undiscounted payback period - assuming best case PV energy

still be utilized for
other purposes.
This suggests that
the PBP is likely to
be even shorter

than estimated due

4.74 | to additional

energy savings. These savings are described in Table 23. As seen in Table 23, if the PV

installations are connected to the balance of the electricity grid in the facility and utilized

full-time, they have the potential to generate significant savings annually ($596,337).

This would reduce the PBP value to the ones shown in Table 24.

Table 24: PBP for PV System Adjusted for Savings From Utilizing PV Full-time

Adjusted
Cost - PBP Difference
S$/Watt | (years) (years)
Average @ >100kW Cap $4.87 4.74 9.24
Minimum $2.97 2.27 4.44
Maximum $6.25 6.14 11.99
Average $3.42 3.46 6.16
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This potential for significant savings must be considered when considering a PV
installation. Once a system pays back, future energy savings results directly in new
revenues to the organization.

As shown, there is a considerable Financial benefit to be realized if solar PV system
were implemented. If a system were to perform according to the estimations presented, it
would be cost effective to pursue PV since the area required is only 4.57 acres (according
to Table 20) out of more than 10,000 acres across the entire facility.

It is also important to consider environmental benefits. As shown in Table 25, the
fuel oil used to generate the electricity required to power the heaters each year has
associated with it emissions (EIA, 2010). Oil-burning power plants are the most common

Table 25: Oil Consumption and Emissions usage and possible in the area where the

prevention
Oil required to meet annual energy demands (US Gallons) facility is located,
| Sulfur Dioxide Emissions (Ibs) | and in the state of

| Nitrogen Oxide Emissions (Ibs) | Florida in general
| Carbon Dioxide Emissions (Ibs) |

unlike the majority
| Possible Oil savings w/ PV utilized full-time (US Gallons) |

728,350
| Possible Sulfur Dioxide Emissions Prevented (Ibs) of the country
13,656.6
| Possible Nitrogen Oxide Emissions Prevented (Ibs) | throughout which
9,104.37
| Possible Carbon Dioxide Emissions Prevented (Ibs) | coal is the more
10,843,300

common fossil fuel used for power generation (EIA, 2010), (Duke Energy, 2013).

If it 1s considered that PV is utilized even when the heaters are not, than the
potential oil and emissions savings can be seen in the green text in Table 25. An offset of
pollutant emissions and fuel usage would result. There are several implications from this.

First, improved air quality in the area nearby and downwind of the power plant(s)
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generating the electricity used at the facility would be realized. Second, positive
publicity for improved “green” practices and becoming one of the first large facilities in
the area to install large-scale renewable energy could result. Third, such implementation
could be used to meet future citizenship goals.

Table 25 quantifies the magnitude of emissions that can be avoided by powering
only the heaters with PV (shown in orange), and how much pollution and fuel usage can
be offset by maximizing use of PV (shown in green).

Another important factor that must also be considered is the manner in which the
heaters are controlled. The heaters are not simply “on/off” systems; they operate on a 4-
stage protocol, meaning that they have 1 “off” and 4 “on” settings. The settings are as
follows: off, 25% capacity, 50%, 75%, and 100% (full) capacity (Study Site Energy
Official, 2013). This suggests that the heaters are likely not going to operate at full
capacity every time they are activated, but instead at one of the lower capacities. The
issue presented with this type of system is that the EMS/ECS controls the capacity at
which the heater operates and does so “on the fly” (Study Site Energy Official, 2013).

The concern is that the EMS/ECS doesn’t record how often the heaters are at a
certain capacity step, in fact, there are no meters on the heaters at all, electricity usage is
just per building or system, not parts of a system (Study Site Energy Official, 2013).
This implies that there is no way to procure an exact reading of the amount of energy the
heaters consume without installing meters (which is time-, cost-, and permission-
prohibitive in this case). Given that there is at present no way to install meters,
assumptions had to be made about how often they operated, and thus it was assumed that

when operating the heaters would be all day at full capacity. The reason for this
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assumption is that, in order to estimate the amount of time spent at each capacity, the
author would have needed to be well versed in the operating parameters of the EMS/ECS
system specific to the different heat pipes. Time constraints prevented such
familiarization and thus the access to the system needed was unavailable.

This suggests that it is very likely that the heaters did not use as much energy as
was assumed, thus estimations of emissions prevented, energy saved, fuel saved, and
financial savings associated with heater consumption of non-renewable energy is likely to
be lower than predicted. However, it is important to observe that power generated by PV,
even if demanded less by the heaters, is still available to serve other purposes. Thus,
there is the possibility of similar savings, but from a different energy usage sector. In
summary, the fact that the heaters operate at incremental capacities and do not necessarily
operate all day when they are on does not necessarily negate the savings calculated, but

shifts a portion of the savings to another energy usage sector.

Weather Data and Heat Pipes vs. Desiccant Dehumidification
As seen in Tables 26 & A2 (Table A2 in Appendix) there was a wide range of

temperatures and
Table 26: Summary of Heating and Dehumidification Demands: 9/10/2012

-9/11/2013
# Days Heat Pipe not Cycling (OA<65°F) 83 | humidity levels
Heat Pipe and Heating Days 89 b 4Tt
Days That Needed Heating (T<72°F or T<68°F in observed. It can
I, LS be determined
Non-Dehumidification Days 21
Dehumidification Days 346 | from the data in
Days Requiring Dehumidification w/o Heat Pipes 26
Days Using Heat Pipes and Heating gg | Table 26 that

almost every day the site requires dehumidification to some degree (346 of 368 days),
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and that for those days needing dehumidification only 88 of the 346 days require heating.
Another observation is that among the days requiring dehumidification, only 26 were too
cold for the heat pipes to operate, this suggests that the heat pipes only use energy for
heating 88 days of the period examined (Study Site Energy Official, 2013), (Weather
Underground, 2013). All this implies that the facility has chosen one of the more
appropriate dehumidification techniques for their location. One of the reasons for this
assessment is that, as was mentioned in the previous chapters, the other major type of
dehumidification that has been generally deemed suitable for this type of climate
(desiccant dehumidification) has the disadvantage of requiring excessive cooling after the
air has exited the dehumidification chamber (ASHRAE, 2012). The reason this excessive
cooling is needed is because the air exits the dehumidification stage significantly

hotter than it entered (ASHRAE, 2012). The need for such cooling increases the energy
demand to a level much greater than when powering the heaters for the heat pipes since
active cooling generally requires more energy than for active heating of a space
(ASHRAE, 2012).

The last statement speaks to why Florida outpaces the rest of the nation in terms of
electricity consumption, and why 27% of the electricity consumed in Florida is to power
air conditioning systems (the largest percentage in the nation) (EIA, 2013). Another
reason why the heat pipes are best suited for the facility being examined is that they offer
a much simpler design than for a typical desiccant system. The simplicity of heat pipes
becomes apparent when comparing Figures 6 and 7; in Figure 5, we note that there are at
least four major moving parts in this system (Narayanan, Saman, & White, 2013):

* the fan that moves the regeneration air;
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* the fan that moves the cooling air;
* the fan that moves the supply air;
* the desiccant wheel (rotates).

In Figure 6, we see only one major moving part, the fan that drives the air through
the heat pipe and into the space (Allen & Boll, [Florida] Heat Pipes for 100% Outside Air
Units, 2008). Desiccant systems are also more complex in terms of maintenance
(ASHRAE, 2012). As mentioned above, typical desiccant systems require desiccant
replenishment or replacement every 5 to 10 years if routine filter cleaning and
maintenance are done; if proper maintenance is not applied then the desiccant can
become contaminated and may need to be replaced every ~2 years (ASHRAE, 2012).
Alternatively, heat pipes require only routine inspection, leak repair (if/when it occurs),
and cleaning; these maintenance steps amount to much lower annual labor and part
(maintenance) costs (Allen, June 14, 2013), (Wu, Johnson, & Akbarzadeh, 1997). One
potentially problematic aspect of heat pipes at the facility is that they use R-22 as the
refrigerant (Study Site Energy Official, 2013). The small amount used and the fact that
the system is closed and sealed, however, reduces the risk of refrigerant escaping and
causing damage to the ozone layer and adding to GHG emissions (Study Site Energy
Official, 2013).

Prior analyses and the weather data presented in Tables 26 & A2 show that cold
weather dehumidification is not required in the facility because of the few number of
days that are below the minimum operational temperature of the heat pipes that require
dehumidification. The complexity of the desiccant systems also disqualifies it from

being suitable for use in the facility given the simplicity of the heat pipes. The desiccant
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systems are also not well suited for use at the facility because they don’t work well with
100% outside air systems, and all but four of the heat pipes are 100% OA (Study Site
Energy Official, 2013), (ASHRAE, 2012). Desiccant systems are not suitable with 100%
OA because of the heat gain. If the inlet air temperature is assumed to be 90°F @ 80%
RH (typical daily conditions seen at the site during the summer) the outlet temperature
would be 130°F, this would then need to be cooled to 72°F at the highest to be usable in

the conditioned space.
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Chapter 6: Conclusions and Recommendations for Possible Improvements to
Heat Pipes

Heat Pipes with Hot Water Heaters

As discussed in the previous section, the hot water heat pipe heaters are already
operating at an annual cost close to that of the electric heaters. Because of the annual
cost (approximately $170,000) and the fact that it is integrated into central systems that
operate with or without the heat pipes connected, any attempts to improve upon the
effectiveness of these systems would likely be cost effective and is recommended under
one condition. The condition is that a thorough investigation be conducted into the costs
and benefits of retrofitting the heating system(s) with solar hot water capabilities as well
as new and more efficient boilers (no information about the actual central boilers was
provided aside from the information provided in Table A1 regarding the capacity of the
heaters). Some of the costs for the solar hot water system may include the capital cost of
the system itself, the labor involved installing the system, and the cost to reinforce the
structures if needs be (this is far more likely than with PV since the storage tanks and

pumps would weigh much more).

Heat Pipes with Electric Strip Heaters and Implementation of Solar PV

The electric heat pipe heaters present a major opportunity for improvement in
efficiency and implementation of renewable energy technologies. The opportunity exists
to implement renewable technologies to offset the energy required to operate the heat
pipe heaters by incorporating solar photovoltaic. PV would have the potential to provide
power for the heaters, and while the heaters do not operate at all times, the PV can be
used to provide power for other applications as well. It is shown in Table 23 that the

implementation of PV has the potential to save the facility a total of almost $600,000
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including the roughly $146,000 saved just for the heaters. The financial analysis
presented justifies the recommendation that solar PV be installed with a PBP between
6.14 and 2.27 years, assuming an electricity cost between $2.45/watt and $6.25/watt with
the likeliest cost falling between $4.87/watt and $3.42/watt). In terms of environmental
benefits, to the PV system could save about 728,000 US gallons of residual fuel oil and
prevent roughly 11,000,000 lbs of COZ, 9,100 Ibs of NO,, and 13,600 lbs of SO, from
being emitted and aid in meeting the citizenship goals for the facility.

Another consideration is the area needed to install the PV system, which for the
facility being examined is not a barrier. The large size of the buildings involved would
also make it possible to install a portion of the PV cells on the building roofs, reducing
the ground area needed (Study Site Energy Official, 2013). Table 20 reinforces the
notion that area requirements would not affect the recommendation to pursue PV as a
viable option to implement renewable energy technology to save energy.

As mentioned above, implementation of PV technology would aid in meeting two
of the current cooperate citizenship goals, and may even aid in meeting more depending
on the details of future goals (Study Site Energy Official, 2013). It is likely that
installation of PV at this time could be applied toward the next round of corporate
citizenship goals, further strengthening the recommendation to install PV. The majority
of corporate citizenship goals expire in 2013. It is therefore recommended that the
installation of PV should be timed to occur when new citizenship goals are released, in
order to meet the new goals and gain positive publicity.

It is strongly recommended that solar PV be pursued in order to provide the power

needed to operate the heat pipe reheat coils and provide a clean source of power for other
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ancillary systems. This analysis identifies multiple benefits: almost $600,000 in energy
savings per year with an undiscounted payback period of 6.14 years, significant GHG
offsets, 728,000 US gallons of fuel oil conserved annually, and contributions toward two
citizenship goals. The required land areas for the PV installation is estimated at 4.57 acres
of land, It is also recommended that the SunPower Maxeon Gen3 silicone
monocrystalline cells be considered for installation as they are the most efficient cells
commercially and readily available (more efficient cells exist but are not in mass

production at this time) (Solarplaza, 2012), (Sunpower, 2011).

Heat Pipe vs. Desiccant Dehumidification

Because of the simplicity and versatility of the existing system, it is recommended
that the facility continue to use heat pipes for dehumidification rather than desiccant
dehumidification. First, the major advantage of desiccant dehumidification is the
extremely low minimum operating temperature as compared to mechanical systems (i.e.
heat pipes); this benefit does not apply given the location of the facility. For example,
there were only 23 days that required dehumidification where the temperature was below
the operational temperature range of heat pipes.

Second, the desiccant system is more complex, featuring at least four major
moving parts as opposed to only one for heat pipes (which isn’t necessarily part of the
heat pipe but outside the heat pipe). Third, the significant energy requirement to cool the
air after it goes through the desiccant system (assuming typical site conditions the air
would need to be cooled from ~130°F to 72°F after it exits the desiccant system due to all

outside air being used) is not needed with mechanical systems.
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Maintenance time and costs are also much lower for heat pipes as compared to
desiccant systems given the lack of moving parts and the fact heat pipes are a closed,
sealed system (Allen, June 14, 2013). Only occasional cleaning and leak repairs are
required on the heat pipes, while desiccant systems require routine filter cleaning
multiple times per year, and desiccant replenishment/replacement every two to ten years
depending on the type of desiccant and whether the filters are properly maintained (Allen,
June 14, 2013), (ASHRAE, 2012).

Finally, replacement of the system would require a fairly complex operation and
major investment of time and labor, thus unlikely that management would consider it.
This is attributable to the high regard in which they hold their appearance and the fact
that guests are in many spaces throughout the day and year. To conclude, it is not
recommended that desiccant systems be pursued; rather, heat pipes should continue to

serve as the major dehumidification apparatus throughout the facility.

Final Remarks

Heat pipes represent one of the more elegant solutions to dehumidification ever
devised as they have no moving parts, and can re-heat the incoming air to within a few
degrees of the temperature required without any extra energy input. This is the main
reason why the facility uses them. They operate in conjunction with hot water heaters
and electric strip heaters in order to heat air to the required temperature on the occasion
that heat pipes alone cannot support a load. It is recommended that the heat pipes
equipped with hot water heaters be left to function as they do at present. But it is also

recommended that an investigation be conducted to accurately assess the costs and
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benefits of installing solar hot water to replace the natural gas fired boiler currently
providing hot water to the heat pipes.

It is also recommended that solar PV be considered as a means to implement
renewable energy technologies and provide a renewable source of power for the electric
heaters in heat pipes as well as to reduce the power drawn from the grid for other
applications when the heaters are not being used. Finally it is recommended that heat
pipes be kept in place since desiccant systems are more complex, require more energy,
and their low-temperature operation is not relevant at this facility. The facility has
already executed plans to conserve energy by implementing heat pipes and using single
vendor ECS/EMS/BCS, among other measures. PV-driven heaters in heat pipes used for
dehumidification provide an opportunity for the facility to further advance as a leader in

implementing green/renewable energy technology.
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