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Prologue

Traditionally, renewable energy systems have NOT
been engineered to take maximum advantage of
the technology

They have normally been put together in as simple
a means as possible for the purpose of a showcase
—or

They have been under or over engineered due to a
lack of understanding of the technology and or the
application

For instance — traditional methods of sizing solar
thermal arrays, using integrated daily values of
solar radiation and collector efficiencies will NOT
result in a practical and useful Chilled Water system




Prologue

With this in mind, this Solar Chilled Water Modeling
Template was developed.

It is based on the specific technical characteristics of
single-effect low temp hot water fired absorption
chillers and their reaction to the energy sources and
loads applied.

This template, will enable the engineer to design a
system with a specific purpose to meet the needs of
a specific application.

This tool is deliberately designed with design
flexibility in mind.




Prologue

* What is the specific benefit we wish to receive from the
Sun?

« Many varied possibilities -- One such application:

» Optimize an existing Chilled Water System

There are a lot of opportunities for increasing the energy efficiency of a building
HVAC system. Solar provides a lot of possibilities limited only by the engineers
imagination and the economics of the individual application. In looking for the place
where we can have the most effect, the low hanging fruit would be those
applications where we can get more savings out of the investment, than the
capacity of the invested system. If we can find a way to get greater than 40%
reduction in electric use, by correctly applying solar energy to 25% of the load, then
we will have achieved an exponential savings. This is possible in at least two
scenarios where the physics of an existing process is optimized by strategically
applying the energy from the sun.

Since many commercial buildings have existing chilled water systems, and since
virtually all chillers have a COP (Coefficient of Performance) which improves as the
load on the system decreases, then we have an opportunity to use solar energy in a
peak shaving configuration to gain just such savings.
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This diagram describes how an absorption chiller is applied to an existing chilled
water plant to provide “Peak Shaving” functionality.

This configuration also provides for a much smaller Part Load condition than can be
practically achieved with large electric chillers alone. Since they rarely are able to
unload below 25% of capacity, they will then have to begin cycling, which is far less
efficient.

In this configuration, the absorption chiller pre-cools the return chilled water to the
electric plant, keeping the electric chiller running in part load mode even when the
load is at its peak. And since the availability of the sun’s energy is somewhat
coincident with the peak period loads, the energy applied to peak shaving has no
recurring cost.

As an example, take a building with a 100 ton electric chiller whose design
conditions call for meeting a building load of 98 Tons.. Assuming that the smallest
load is under 25 RTons, the electric (assuming a Screw or Centrifugal) chiller, will
not be capable of unloading efficiently below this point and will begin cycling,
increasing its energy consumption dramatically. Adding a 25 - 30 RTon Yazaki
Absorption Chiller will allow the system to operate strictly on the Absorption Chiller
in the smallest load conditions, and during larger loads, keep the electric chillers
running in part load mode, increasing its energy efficiency.

This provides an exponential benefit by “Peak Shaving” the greatest load, (during
peak electric use hours) and by increasing the Coefficient of Performance of the
electric chiller.



Electric Cost Savings from Unloading
100% Cap 75% Cap

COP 4.88 5.91 21%
Input KW elec 105.1
Output kW cooling 513.2

KW electric / Ton 0.720228 0.595
Cost per KW $0.1266

Cost per Ton Hour $0.0912 $0.0753 -$0.0159

The Coefficient of Performance, (COP) is essentially a ratio of the work done to the
energy required to do that work expressed in the same units. In the full load
example above, every kWatt of energy applied, results in the machine doing 4.88
kWatts of work, (moving heat out of the building). Notice however that as the load
on this particular Screw Chiller is reduced to approximately 75% of full load, that this
ratio goes up dramatically.

This results in a much lower cost per Ton Hour of air conditioning. So we have not
only reduced the size of the load, we have reduced the cost of cooling the
remaining load. This also has a dramatic impact on the building’s carbon footprint.
You can easily see from this example that the electric savings from applying the sun
to the top 25% of the load, the electric cost can go down by as much as 46%.
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Shading from Solar Panels reduces HVAC Load

In some areas of the country, the share of the buildings load from the sun shining
on an exposed roof may exceed 30%. Should the roof have the structural capacity
to hold the collectors, then the shading factor from the collectors will further reduce
the building load.

Be sure you have a structural engineer certify the roof to carry the additional weight
and wind loading.

Assuming we are able to utilize the roof, we have now taken another significant
chunk out of the peak time cooling costs. How much of course depends on the
building load and the climate. You also need to be cognizant of the effect that
reducing the building load will have on the sizing of the solar system if you want to
accurately model the cost savings.
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Okura Act City Hotel
Hamamatsu Japan

This building was designed with
Solar energy in mind.

This array provides shading for
the roof and all of the
mechanical equipment is
underneath the array.

This system provides both
HVAC and domestic hot water
dynamically on an as needed
basis.

This building has a 200 ton load. It is equipped with 170 tons of Yazaki gas fired
absorption chillers, and a 30 ton solar fired chiller in side-stream with the existing
plant. This solar array provides a combination of supplemental air conditioning and
domestic hot water. The building was designed with solar in mind. The roof space is
angled and pointed in the ideal direction to provide the best solar exposure. The
array also provides an effective shade to the roof, lowering the HVAC load on the
building from solar radiation, (which can be as high as 30% of the building load
depending on the design of the building and the climate).
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Optimization by Design

Steps to Configure an Effective Solar Chiller

» Define the Job — Determine Unload Points

Getting started on the system design;

Since we have decided in this case to optimize an existing chilled water plant, we
need to determine the existing chillers unload characteristics. We should also know
how much we need to unload the chiller to achieve the greatest benefit for our
money. Taking this approach is defined as “Optimization by Design”. So now we
decide how much solar chilled water we need to achieve the most advantageous
unloading of the existing chiller.

13



Typical Chiller Power Curve

Part Load Performance

For Chiller Type: Screw
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From this graph, it can be clearly seen that keeping the screw chiller between 25%
and 75% of full load will keep the chiller running in its most efficient mode, as a
function of kWatts per Refrigerant Ton.

So, if our existing chiller is around 100 tons at full capacity under ARI conditions, we
should consider using a 20 to 30 ton solar powered chiller to optimize this system.

This template contains several “typical” performance curves which may be selected.
They are located in the “Financial” Tab and have all been validated by comparing
the IPLV created from the curve with a popular manufacturers average IPLV for a
particular product family.

14



Optimization by Design

Steps to Configure an Effective Solar Chiller

» Define the Job — Determine Unload Points
 Download Insolation Data from NASA & NSRDB

There are a number of factors affecting the intensity and duration of solar radiation available to power our
system. Among these factors are latitude, air pollution (especially ozone and particulates), atmospheric
moisture content, cloud cover, frequency and duration of precipitation. Another factor which must be considered
is the ambient dry bulb temperature and the wet bulb temp. The intensity of the solar radiation and the dry bulb
temperature are required to estimate the heat production of the collector(s). The wet bulb temp is required not
only for sizing the cooling tower, but also for estimating the temperature of the water leaving the tower as this
affects both the chilled water output and the volume of heat input to the chiller.

It is far better to size a solar array for a chilled water system by using hourly solar and meteorological data than
attempting to use daily integrated values. There are several weaknesses with the daily data. First is knowing
how many hours per day the integrated data covers. And even if you know how many hours it covers, that
doesn’t guarantee that your collector array will be able to collect heat for the entire period. It probably cannot
due to the angle of the sunlight to the collector aperture. So how can you then estimate the average hourly solar
intensity since the total daily amount available is in question. Secondly, it is impossible to get a single dry bulb
temperature and solar intensity that adequately represents the average value during the entire day. You will
inevitably get one or both values such that you are either overestimating or underestimating the output of the
collector. The observed tendency is that the output of the collector array is overestimated resulting in many of
the existing North American solar chillers being grossly underpowered.

If on the other hand, you use hourly data, the anticipated load on the chiller during a given time period may be
compared to the expected heat output from the collectors during that same period. This will allow for a more
precise method of sizing the collector array and buffer storage tank.

The source for this hourly data in the United States and its territories is the National Solar Radiation Database.
If you are outside of the US or its territories and your government does not have this data available, you will
need to model it from the daily average data available from NASA. Don't forget that you need solar irradiance,
plus dry bulb and wet bulb. Often when using data from somewhere other than the National Solar Radiation
Database you will only get the data in 3 hour averages. You will need to interpolate this data in order to get a
reasonable approximation of the actual hourly conditions. And if you are modeling your own data, you must
differentiate between “Direct” or “Beam” radiation, and diffuse. Normally, this daily data is described as Global
Normal, or Global Means. This is a combination of Beam and Diffuse and you will have to separate them. The
data from the NSRDB is already broken out as Global Means and Diffuse. Beam radiation is then calculated by
subtracting diffuse from global.
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Where do | find solar data?

http://rredc.nrel.gov/solar/old_data/nsrdb/

Go here and collect Hourly Statistical Summaries and TMY3 files for the 1991-2005
Update.

The National Renewable Energy Labs has been collecting solar and meteorological
data since 1961. It covers approximately 1440 locations within the US and its
territories. A portion of those locations are actually measured data. The remainder
of these locations are modeled based upon the measured data.

We are interested in both the Hourly Statistical Summaries which shows the hourly
average insolation, and the Typical Meteorological Year 3 data.

The Hourly Statistical Summaries will provide a monthly average of solar energy
falling on a horizontal plane in Watts per square meter for the hour ending at the
indicated time. So for January, the 1300 hours data will be the average of every day
in January of the irradiance falling on the ground between 1200 hours and 1300
hours in Watt hours per square meter. This data is given for global horizontal,
horizontal diffuse, and direct or beam radiation. This data is also available for each
of 15 years. You should download all 15 years. This program will then average the
15 years into a single figure for modeling.

This program only uses the global horizontal and horizontal diffuse. The direct or
beam radiation is representative of collimated light and would be used by
concentrating collectors. Since those collectors are not currently recognized by this
program, this data is ignored, but is kept for future use.
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Where do | find solar data?

http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/hourly/list_by_state.html

Pick the state and site. There are over 1400 sites in the US. Class | data is the very
best. Class Il is adequate. Class Il has a lot of “fill-in” so its value is much lower
than Class Il or |, but is still probably better than something modeled on your PC.
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Where do | find solar data?

——

http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/hourly/siteonthefly.cgi?id=722594

On your CD, there is a folder named “Data”. Double click on this folder and locate
the folder named “Base Files” Make a copy of this file and name it for the location
you are planning to download.

Click on each of the years for the “Hourly Statistics Files” and save each of these
files from your browser as a “.txt” file. You should save these files into the NSRDB
subfolder of the folder you named for your location. You will import each one into
excel later.
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Where do | find solar data?

http://rredc.nrel.gov/solar/old_data/nsrdb/1991-200 5/

Here, you will click on the TMY3 Files using state and site number. Then choose the
location and download the file , which you will then save as “.csv” for import into the
Excel Workbook. Save this file into the NSRDB subfolder of your location folder,
(the one you made by copying the “Base Files” folder. Once the file is saved, you
are given the opportunity to open it. Open the file, then open file “orig.xIs” from the
folder you created by copying the “Base Files” folder. This will be the workbook into
which you will import all of the NSRDB data.

The TMY3 file is used to provide dry bulb and relative humidity data for the system
to approximate the “Typical” weather conditions during a given hour during any
given month. The modeling template uses this data to approximate the temperature
of the cooling water, which is necessary to calculate a heat balance for the cooling
tower size required and to estimate the chiller output capacity.

If you are going to use something other than a cooling tower, (such as ground
coupling) then you will need to set the cooling water temp on your system to 80F
and use a thermostatically controlled mixing valve to insure that it stays there. You
can do this by setting the cooling tower approach in the input/output tab to insure
that the cooling water temp remains at 80F. There is a graph at the bottom of the
“weather” tab you can check to insure that the cooling water temp is at 80F. There
is also a pull down selection for the cooling water temp at the top of the “Input /
Output” Tab.

Starting with version 1C, you have the option of using Typical Meteorological data
for the solar insolation. That too will come from this file.
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Where do | find solar data?

http://eosweb.larc.nasa.gov/sse/

Now we need to download some integrated daily values from NASA. This data is
useful for full day and monthly calculations. It can only be used with this template for
choosing an optimum starting tilt angle. Notice the URL at the bottom of the screen

for your convenience.
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Optimization by Design

Steps to Configure an Effective Solar Chiller

» Define the Job — Determine Unload Points
 Download Insolation Data from NASA & NSRDB
« Determine optimum tilt angle for your Application

Now that we have our data loaded and linked into the template, we can analyse the
NASA data to determine the best starting tilt angle.
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The Tilt angle, sometimes referred to as the slope is the angle at which the collector
is raised above the horizon on the north side for southern facing apertures and on
the south side for northern facing slopes.

By raising this angle, you change the geometry of the apertures relationship to the
sun’s rays. Since the data we are using is measured in Watts per Square Meter on
a horizontal plane, if you raise this angle to a point where the aperture of the
collector is “Normal” to the sun, (perpendicular to the sun’s rays) most of the time
during your air conditioning season, you will expose the aperture to a higher level of
energy.
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Solar Geometry

This diagram describes how the tilt angle of the collector changes the amount of
solar energy the collector is exposed to.

All of the solar data we have is expressed as Watts per Sq Meter on a horizontal
surface. The green horizontal line represents a 1 Sq Meter Horizontal surface. The
Blue line represents that same 1 Sg Meter collector plane tilted up until it is Normal
to the sun (perpendicular to the sun’s rays). Notice that if a line is drawn at the solar
altitude angle toward the sun from both ends of the horizontal surface, that the line
from the outermost end intersects the tilted plane. This shows how much more solar
energy is applied to the same 1 Sq Meter plane when it is tilted toward the sun
rather than laying horizontal.

To calculate the amount of solar radiation on the surface tilted normal to the sun,
divide the intensity of radiation on a horizontal surface Ih by the cosine of the Solar
Zenith Angle. See diagram above.
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The Cosine Effect

The collector aperture however will rarely be “Normal” to the sun. You get the exact
same effect, only inversely by the sun’s incidence angle to the collector plane.

In order to calculate the actual energy to which the collector is exposed, you use the
actual solar zenith angle, and the solar incidence angle as a ratio.

The formula is the Horizontal Radiation X the ratio of the Cos of the Incidence Angle
to the Cosine of the Zenith Angle. See diagram above.
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Determine most advantageous tilt angle

Monthly Average Insolation at Various Tilt Angles
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This data is derived from the data we copied and pasted into the Solar Energy
Worksheet from NASA.XLS. Nasa has modeled for any given point the solar
radiation to which a tilted collector would be exposed at 5 separate tilt angles. They
are 0 or Horizontal, Latitude — 15° Latitude, latit ude + 15° and 90°or vertical. We
are only concerned with the first 4. We want to use this data to select what appears
to be the best beginning tilt angle for our application. Bear in mind that we can
change it at any time to test what if scenarios.

We can see from the graph that the most appropriate tilt angle to start with is the
latitude — 15°for our summer time peak shaving appli cation. It provides the greatest
overall solar energy striking our collector array during the air conditioning months.

If our application required more heating than AC or perhaps we required substantial
chilled water for dehumidification in January, then we may very well select Latitude
+ 15° the blue line.
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Optimization by Design

Steps to Configure an Effective Solar Chiller

Define the Job — Determine Unload Points
Download Insolation Data from NASA & NSRDB
Determine optimum tilt angle for your Application

Choose the best type of collector for this
application

Now we need to select the most appropriate collector for our application. The key here is remaining focused on
the application. This modeling tool recognizes only 2 types of collectors. Those are the flat panel and evacuated
tube collectors. Since this tool is designed around single effect low temperature water fired chillers, high heat
medium temperatures are not required. What is required is a high volume of heat. For instance, a 30 Refrigerant
Ton Chiller at rated conditions will require 512MBtuh input hot water to produce 30 tons. It will in fact produce
greater than 30 tons if the heat input is increased. With this in mind, we need to find the most cost effective way
to get heat into the chiller when it is required or can be utilized.

The primary differences between the flat panel and evacuated tube collectors lies in their loss profile, ratio of
aperture area to gross area, and incidence angle modifier. The choice of one type of panel over the other is
dependent on multiple factors. Cost is always one of them. Perhaps available roof space, or the existence of
large quantities of snow. The application’s needs should be paramount. If the collector array choice brings more
negatives than it does positives, then the system implemented could easily turn out useless.

There are 2 variables which primarily affect the efficiency of these collectors. The 15t and greatest effect is the
Temperature difference between the outdoor ambient and the average temperature of the heat medium fluid in
the collector. The greater this T, the greater the losses, and the lower the efficiency of the collector. Evacuated
tubes have a significant advantage here, as they essentially have the heat collection medium sealed up in a
thermos bottle. But, this can turn into a serious disadvantage in locations with a large amount of snow. Due to
their inherently low losses, it is real easy for evacuated tubes to be rendered useless by snow cover. On the
other hand, the losses of flat panel collectors can effectively keep the snow cleared away, providing solar
contribution when evacuated tubes would be buried in the snow.

The second variable is the intensity of the sunlight. The brighter the sunlight, the more efficiently it can convert
the sunlight into heat. This is more related to the heat absorption mechanism and neither type of collector
necessarily has an advantage over the other on this one.

Flat panel collectors have a greater aperture area to gross area ratio than evacuated tube collectors. In the
southern latitudes, flat panel collectors will require less roof space than evacuated tubes. In the northern
latitudes, that can be just the opposite due to the greater T.

Finally, the Incidence Angle Modifier can have a profound effect on the amount of energy collected.
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Gross Area vs Aperture

— Aperture AreainBlue ——*

For a Flat Panel Only

Lower heat collection efficiency of aperture area, but the large aperture area to
gross area ratio makes for a higher collection efficiency per gross area.

This will result in a smaller gross area of collectors for the same job, with some
trade-offs.



Gross Area vs Aperture

For Evacuated Tubes the Aperture Area Is Strictly the Area of the Tubes

In the case of evacuated tubes, there is a similar gross area, but the aperture
consists only of the area of the tubes themselves. There is a space between the
tubes which collects no light. This makes for a far smaller aperture area than you
would find in a flat panel.

Evacuated tubes will require more gross area on the roof to do the same job, but
with some significant trade-ups. For one, they retain a far higher efficiency at lower
ambient outdoor temperatures and are thus far more suited to the job in northern
latitudes or for providing heat in the winter months.
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Take into account solar angle of incidence

08:00 12:00 16:00

When the collector is normal to the sun, virtually 100% of the direct solar radiation is
captured by the panel. Although some is lost and some re-radiated, none is
reflected back into space. However, as the sun’s angle of incidence advances either
side of normal, a portion of that solar radiation is reflected back into space by the
glazing of the panel. A tracking array would eliminate that effect. With any fixed
array, we must take that into account.
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Gross Area vs Aperture

Longitudinal Incidence Angle

Transverse
Incidence
Angle

The Transverse IAM for evacuated tubes is a significant advantage over flat
panels. As the day wears on, the ratio of aperture area to gross area seems to
improve, extending the number of hours per day of solar contribution.

Evacuated tubes have a far more complex incidence angle modifier than does the
flat panel. Here, the longitudinal IAM is very similar to the IAM of a flat panel, but
can be calculated based solely on the solar altitude angle. The transverse IAM on
the other hand is more related to the solar azimuth angle, modified by the solar
altitude angle. The advantage here is that as the sun moves from noon toward the
west and the transverse angle of incidence increases, the spaces between the
tubes seems to grow smaller and disappears. This brings an apparent increase in
heat collection efficiency just as the solar intensity is waning.

In order to accurately size the collector array, we need to be able to calculate the
output of the collectors at a given time of day. To accomplish this, we need to know
the outdoor ambient temperature, the intensity of the sunlight and the position of the
sun in the sky.
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Click on the “Solar Geometry” Tab to find out where the sun is projected to be on
any given hour of any given month, and to see how this data is calculated.

This modeling tool picks a day which it considers representative of the month, and
calculates the solar position in the sky for that entire month based on that day.
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To properly calculate the effects of the Incidence Angle on the performance of our
solar array, we need to know where the sun is at any given hour of the day. This
template does that for us for a select day each month. You should decide what day
of any given month is the best representation of the month for your application and
then enter those dates in the Solar Geometry tab.

This template does NOT take into account the apparent changes in solar position
due to refraction through the atmosphere. Those are most pronounced much later in
the day anyway and would have very little effect on our model.

The graph above shows where the sun is in the sky at this location in March. The X
axis depicts the solar azimuth angle, where 0°is du e south (in the northern
hemisphere), and a negative azimuth is east of south where a positive azimuth is
west of south. The Y axis represents the solar altitude angle. The altitude angle is
equal to 90°minus the solar zenith angle. Where the solar zenith angle represents
the angle of the sun relative to straight up from the collector.
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This modeling tool relies on empirically derived performance data for the collectors.
There are 2 agencies doing independent performance testing on these collectors. In
the US, the Solar Radiation Certification Corporation, (SRCC) and in Europe, Solar
Keymark. This modeling tool will recognize the performance data from both of these
agencies with one caveat. In North America, all performance data is based on the
gross area of the collector, where in Europe, it is based on the aperture area. This
modeling tool is set to display results in gross area. However, if you enter the Solar
Keymark data into this system using the aperture area, then the system will still
calculate the required number of collectors, but the display showing gross area
should be interpreted as aperture area instead.

There is significant disagreement among many in the solar thermal industry as to
the appropriateness of using gross collector area as the basis of collector efficiency.
For one thing, it appears to make the efficiency of some collectors to be far less
than they would be if aperture area is chosen. But using gross area vs aperture
area has absolutely no impact on the number of collectors used, nor does it affect in
any way the amount of roof space required. And after all, what we need to know
when sizing the collector array is how many collectors do | need, how much roof
area is required and how much spacing do | need to provide to prevent shading? So
gross area as the basis of efficiency is probably the more appropriate of the two.
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CERTIEIED $OLAR COLLECTOR

Data for the solar collectors must be entered into the workbook on the SRCC
worksheet. Multiple (up to 48) different collectors may be entered here. The data
should be taken from the SRCC OG-100 publication which is provided for 2009 on
this CD. You can download updates from www.solar-ratings.org and an online look-
up table is provided at that site under ratings.

This example is a single page from this document showing one particular glazed flat
plate collector.
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Here we are looking at the data section for a particular evacuated tube. The Y
intercept and Slope, as well as the test flow rate in ml/s and gpm are self
explanatory, as is gross area. Ignore Net Aperture area as it is not relevant in this
template. The Y intercept and Slope are not used in this particular implementation
but space for them has been reserved for future features.

The other data however is a little more difficult. First off, we need to enter the data
using the Sl units.

Start with the Efficiency Equation:

The first items to enter are the zero loss efficiency, ( 0) and the 2 loss coefficients, a1 and a2.

Enter these as signed values as shown above. For example, al is a negative number and a2 is a negative number. Some of
these will be positive.

Next we need to enter the Index Angle Modifier data. Those are represented by b1, b2, and if it is an evacuated tube, b3.
Ignore the second line with IAM data. The b3 data for the longitudinal data for an evacuated tube will be in the remarks as
shown. If there is no IAM data in the remarks section, then b3 in the workbook should be blank or zero. Enter these values
as signed values. For example, bl here is a positive number while b2 & b3 are both negative numbers. Getting this sign
correct is critically important.

Also note that this template depends upon the evacuated tube being positioned lengthwise generally North to South. If you
change the orientation to generally east and west, then this template will require changes. The IAM will NOT function
properly in its current form if the tubes are positioned lengthwise generally east to west.
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Evac Tube vs Flat Panel

Efficiency of Collector Collector Efficiency
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This slide shows the basic difference in gross area heat collection efficiency.

The evacuated tube is only 80% as efficient in collecting heat over the gross area
as the flat panel, when the insolation is high and the difference in temperature from
the fluid and outdoor ambient is high.

However, a closer look will show that at 50C delta T, the flat panel is virtually
useless once the insolation drops much below 400 Watts/Meter? where the
evacuated tube is still providing useful energy for much less insolation.
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Evac Tube vs Flat Panel

Incidence Angle Modifier Incidence Angle Modifier
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This slide depicts the Incidence angle modifier for these same 2 collectors. The Flat
Panel has only one IAM. Hence, the longitudinal line is at a steady 1.0. It should be
ignored.

The evacuated tube on the other hand, has a longitudinal IAM very similar to the
IAM for the flat panel. This will cause a reduction in heat collection efficiency as the
sun moves from normal to the collector to some other angle, either higher or lower
in the sky.

The Transverse IAM on the other hand, seems to increase significantly as the sun
moves from noon outward to another point in the sky. This is because of the
apparent narrowing in the gap between the tubes as the transverse angle from the
sun to the tubes increases. At least until the tubes begin to shade each other. The
effect of this phenomenon may be as much as 1 or perhaps even 2 more hours in a
day with solar contribution to the HVAC load.

It is important to choose a collector strategy which best fits your application, as you
should be engineering to a purpose.
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Optimization by Design
Steps to Configure an Effective Solar Chiller
» Define the Job — Determine Unload Points
e Download Insolation Data from NASA & NSRDB
« Determine optimum tilt angle for your Application

» Choose the best type of collector for this
application

» Choose the optimum Azimuth

Now that we’ve decided what collector to use, we need to decide which way to point
the array. It is not necessarily the best idea to always point the array due south. We
must take into account the time that the solar energy is available, and the time that
the load occurs. They rarely coincide. We can point the array east of south is we
want to pick up more of the morning sun, or more likely we will point the array west
of south to pick up the afternoon sun.
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How much solar energy is available at my location?

Global Horizontal Irradiance W/M2
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Notice that the peak solar insolation is around solar noon. At this location, that
occurs at 12:06PM Central Standard Time. This chart measures the solar radiation,
both direct and diffuse on the flat plate panels pointed due south at a tilt angle of
latitude minus 15 degrees.



What time of day represents the peak load
on the building?
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Notice that the hottest part of the day is NOT coincident with the greatest solar
energy! It lags by about 3 hours. And the peak building load probably lags the peak
outdoor ambient by as much as another hour. This means that for peak solar
energy between 12:00 and 13:00, the peak bldg load is probably around 16:00. So
we need to be aware of the energy requirements to meet the load demand at 16:00
rather than at 12:00.
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Compare Azimuth Options

Solar Heat Output in Watts, adjusted for Solar Angl e of Incidence and 0 Degrees Azimuth
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This is a representative curve from a particular flat panel collector showing the heat
output (hot water) in Watts.

Zero degrees azimuth means the array points due south.



Compare Azimuth Options

Solar Heat Output in Watts, adjusted for Solar Angl e of Incidence and 15 Degrees Azimuth
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15 degrees azimuth equals pointing at solar 1:00

Notice that the output of the array has increased by 25% at 15:00.



Compare Azimuth Options

Solar Heat Output in Watts, adjusted for Solar Angl e of Incidence and 30 Degrees Azimuth
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30 degrees azimuth means the array points toward the southwest, directly at the
sun 2 hours past solar noon.

Now we see an additional 15% increase representing 44% increase at 15:00 over
pointing due south.
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Compare Azimuth Options
Solar Heat Output in Watts, adjusted for Solar Angl e of Incidence and 45 Degrees Azimuth
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Here the array is pointing toward solar 3:00:PM

Notice that there is still some more increase in afternoon energy at the expense of
early morning energy. This change is one of those variables which should be varied
experimentally to determine the best all around azimuth for your particular
application.



Optimization by Design
Steps to Configure an Effective Solar Chiller
Define the Job — Determine Unload Points
Download Insolation Data from NASA & NSRDB
Determine optimum tilt angle for your Application

Choose the best type of collector for this
application

Choose the optimum Azimuth

Size the Array to meet the needs of your
application

Size the Storage Tank for best Performance
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Click on the “Input Output” Tab to work the array sizing and the “What if Scenarios”.

Everything highlighted in blue is an input. Everything highlighted in yellow is an
output and you should NOT attempt to make entries on these cells.

Some of these cells are “Blacked Out”. This is due to some of the choices made.
For instance, if you choose to do manual sizing, you will not see an entry for design
time.

Notice the graph on the right. It displays the heat output for your selected collector
in Watts per Sq Meter. It will be used for manual sizing. In automatic sizing, this
graph will still be useful for observing the performance of the selected collectors.
You also have the option of selecting from a drop down list just above the graph,
several other useful graphs. Among them are the chilled water output in refrigerant
tons, the temp of the fluid in the storage tank and a graph showing the annual, by
hour by month inintegrated output in Btuh for the array. Unintegrated in that it does
not deal with the effects of the temp of the fluid in the storage tank and the effect
the load has on that storage tank temp. This can be used to estimate the energy
available for other applications such as domestic hot water or other uses. This
output is based on a water storage temp equal to the “Design Heat Medium Temp”
as entered on this page. 175F is the default for this figure.
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Data Input and Out;r)]ut Tab. All system changes will be made on this page, and there are 4 charts on this page which show
the results of the choices made.

Al cells with a blue background are for data entry. All yellow background cells are calculated cells and are protected to
prevent accidental changes to the work book.

1. Enter Location information including a project name to identify the project being modeled.

A.  You must enter solar and weather data. More than 90 US locations are available by going to the “Edit” menu,
selecting links, change source and then navigating to the “data.xIs” file containing the data for your desired
location.

2. Enterinitial tilt angle, latitude minus 15 degrees is the best for summer time air conditioning, but this must be selected
and optimized for your particular application.

3. Choose the initial azimuth angle. A positive number is in degrees west of south, pointing more at the afternoon sun,
while a negative number is degrees east of south pointing more at the morning sun. O degrees is due south.

4. Enter cooling tower approach. This is important because the temp of the tower water has an effect on the performance
of the chiller and the rate at which heat is removed from the buffer tank. Cooling tower approach is defined in this
system as the difference between the wet bulb temp and the temp of the tower output water (chiller cooling water input
temp).

5. Choose the desired collector. Once the collector SRCC data has been entered under the SRCC tab, it will show up here
as an item on a drop down selection.

6. Select the chiller. 10, 20 or 30 Ton.

7. Select Manual or Automatic Sizing of the array. If you select Auto, then you will need to pick a time of day from the
dropdown on the right for which you desire to achieve rated output, e.g.(for an SC30, choose the time of day for which
you wish to achieve 30 RTons.) When sizing the array, you should also select the months for which you wish to size the
array. You can choose any period of from 1 to 5 months. In auto sizing, the system will average the solar output from
your selected collector at the design time over the months selected. If your selection includes a month with inadequate
sunlight, an alarm will appear. When manually sizing, only the months of your sizing season plus the month before will
appear on the graph.

A. In normal configuration, the system will size the array for rated output. However, you may desire something less
than or greater than rated output. In that case, you should then select Manual next to Select Target Capacity,
then you will see a blue section allowing an entry of a size in RTons. Should you attempt to enter a selection
outside the prescribed capabilities for the chosen chiller, an alarm will sound and the field will turn red. This
selected capacity will be targeted for the same time selected at the design time above it, or for the amount of
energy entered in the manual array sizing selection).

B. You may also have limited roof space and cannot support the number of collector panels required for this
particular chiller. You may then select Limited from the drop down next to Maximum Num of Collectors. This
will change an entry to the right blue and allow you to enter a whole number as the maximum# of collectors
you can handle. The system has no idea of the size or spacing you will be using, so it is up to the engineer to
keep track of which collector and spacing and room he has. If a max number of panels are selected, the
system will size the array for the selected capacity, but if the number of collectors exceeds this count, then the
max num of collectors will be substituted for that count allowing the engineer to examine just how much
performance he can achieve with the given space.

8. If you select manual sizing, then you will need to look at the chart on the right to determine just how much energy is
available during the time of day you wish to size for.
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Solar Heat Output in Watts/M2

450

— Apr

400 May

. S\ ’
K
250 \\ —_—
200 / \\ -_—
o ‘ \
100 \\ I
. I\

O ; T ; T T T T T
900 1000 1100 1200 1300 1400 1500 1600 1700 1800

Sept

For manual sizing:

You are still on the data input and output tab, looking at the graph on the right. (This
graph shows the output in Watts per Sq Meter for the selected evacuated tube
collector). Notice that this collector output graph is NOT bell shaped. This is a result
of the IAM for this particular collector.

Read off the scale the solar heat available from this collector at the time of day you
desire to insure your design capacity. Here, we will use 3:00PM (1500 hours) and
see that we have 360 Watts/M? - This is the basis for sizing the array by calculating
the number of panels required to achieve the requested capacity at a given hour.
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Data Input and Out;r)]ut Tab. All system changes will be made on this page, and there are 4 charts on this page which show

1.

2.

the results of the choices made.

Now enter the design time Insolation in Watts per square meter here. In this case we saw 360 watts per square meter
on the graph and enter it here.

Fill in the Design Heat Med temp, design outdoor ambient, heat medium temp required before the chiller will start, the
heat medium temp below which the chiller will stop, and a temperature above which you will not allow the heat medium
fluid to go. This is essentially the thermostatically controlled dump radiator activation temp. An entry here of 1000 will be
an indicator that there is no heat dump. You really should have a heat dump.

Now estimate the system distribution losses as a percentage. Do NOT include losses from the buffer tank, chiller or
panel. They are already calculated elsewhere. Only the thermal losses in the piping, valves and pumps for the circuit
running between the storage tank and the array for one hour.

If you desire to use glycol solutions, and the SRCC testing data does not show glycol as the test fluid, or the glycol
solution you are using is different from what is in the SRCC test data, you will need to get a derating factor from the
collector manufacturer and enter it in the Glycol Adj Factor. This should be 1.0 for water or for the test fluid from the
SRCC performance report. Otherwise, it MUST be less than unity.

A. If you use glycol solutions, then you MUST go to the Chiller Performance tab, and near the top on the right under Storage Medium Characteristics, you
will see some cells in blue. Here, enter the name of the fluid, Mass in Ib/gallon and Cp (specific heat) of the fluid being circulated through the
storage tank. If a heat exchanger is used and water is stored in the tank, this can be ignored. If glycol solutions are circulated through the tank,
then the tank storage capacity and heat acceptance characteristics will be different and it is important to this template to be able to accuratel
calculate the amount of energy stored in the tank. If Glycol is used, but with a heat exchanger and water is stored in the tank, the Glycol Adj Factor
should be further modified to reflect losses moving heat into the tank. You can also reflect those losses in the System losses entry instead.

B. Propylene Glycol mixtures of 20% by weight or less have a negligible effect on the chiller performance and may be ignored. However, it may be
necessary to get with Yazaki to determine the effect of other glycol solutions on the chiller its self. It is recommended that the heat medium feeding
the Yazaki Chiller be water.

The system will now size the array, telling you how many panels will be required to meet your requirements, and if cost
data is entered under the SRCC tab, a cost for the panels will display. This cost should be the cost per panel installed
with ancillary supports and hardware.

Pay careful attention to the Required Tower Size. This is critical. An undersized tower will result in derated chiller
performance and may result in a shortened chiller life cycle. Remember Bud’'s Thermal Law of Goesins and Goesouts.
For every heat source that goesin, there MUST be a path for it to goesout! This program calculates a heat balance for
the greatest modeled energy usage during the year. It would not be a bad idea to size the cooling tower for worst case
conditions since the solar and weather data are based on Typical or long term Average data. To calculate a heat
balance for worst case, use 203F heat medium at 100% flow rate, and 80F cooling tower water.

On this screen, should the Panel Array Ideal Flow Rate be shaded orange, this is to get your attention. The chiller
cannot have a heat medium flow rate in excess of 120% or less than 30% of the rated flow. This indicates that a larger
tank must be used and separate pumps must be used for the chiller and the array feeds to and from the storage tank.
Yo%_can select either rated flow through the chiller, or a custom flow rate of from 30% to 120% of rated flow on the heat
medium.

Finally, select the storage tank from the drop down. You can place any storage tank you want into the system by
entering the gallons, diameter and height in feet into the Storage Tanks tab. All entries are in feet. You should also
estimate the effective R value of the insulation. In the default data, | am assuming an R16 foam on the tank resulting in
a guestimated R9 value for the tank.

Now, by observing the 4 charts on this tab, the selections can be modified to optimize the system design for your
particular application and to make what if observations of the predicted performance.
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The Final Result
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Note that the number of refrigerant tons produced by hour, for each of the 12
months of the year are displayed. Even the winter months in this case have enough

solar energy to provide some chilled water.

This particular graph shows a Flat Panel collector.
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The Final Result
Chiller Output in Refrigerant Tons Model: SC10
Evacuated Tube A 18 “Tilt 15°Azimuth 10F Tower Approach
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Compare the output of this Evacuated Tube to the output on the previous screen of
the Flat Panel. Especially note that during the winter months, the output of the
evacuated tube is not particularly greater in terms of peak energy collected, but
rather is able to do so for more hours per day.

Be sure to compare the difference in performance with the difference in cost.



Click on the “Chiller Performance” tab to find hour and overnight specific data on the
performance of the chilled water system, including some drop down charts which
will allow some specific performance comparisons for “What if Analysis”
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Chiller Output vs Outdoor Ambient Temp for Aug

Flat Panel A 576 gallons storage
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Notice on this slide that the output of the system is 10 tons at the same time the
peak outdoor ambient occurs.



Chiller Output vs Outdoor Ambient Temp for Aug

Flat Panel A 951 gallons storage
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Here we see the difference in output by nearly doubling the size of the storage tank.

For a very large increase in storage, we achieved a very modest increase in
afternoon performance at the cost of morning performance. In order to gain much
benefit from a larger buffer storage tank, we would have to also increase the size of
the solar collector array, or decrease the load on the chiller. In our sidestream
application for optimizing an existing chiller, we are preferentially loading the solar
chiller, so it should be expected to consume 100% of the energy available to it that
does not exceed its capacity. Hence, no real gain from a larger tank. On the other
hand, the larger tank does shift the available solar energy to a later time of day at
the expense of earlier in the day and a slightly lower peak performance.
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Chiller Output vs Outdoor Ambient Temp for Aug
Evacuated Tube A 576 gallons storage
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Compare this output to the next screen. These two screens compare two different
evacuated tubes.



Chiller Output vs Outdoor Ambient Temp for Aug

Evacuated Tube B 576 gallons storage
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This tube has a modestly higher performance compared to the previous screen.

But is it worth the difference in price?
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Optimization by Design
Steps to Configure an Effective Solar Chiller
Define the Job — Determine Unload Points
Download Insolation Data from NASA & NSRDB
Determine optimum tilt angle for your Application

Choose the best type of collector for this
application

Choose the optimum Azimuth

Size the Array to meet the needs of your
application

Size the Storage Tank for best Performance
Don't forget the safety devices & Controls
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Array Field Design
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Ideally, this storage tank and array will be stratified by temp. However, due to the nature of absorption air conditioning, the
heat medium flow rates are too high to allow for a practical combination which will result in stratification. In reality, the water
will be pretty well mixed up, unless the tank is grossly oversized and at least 10X as tall as it is wide.

The storage tank should be the smallest practical for the application. Some studies have shown that 10 to 15 minutes max
storage is best. One study even suggests that as little as 1 to 3 minutes results in a higher system COP. This modeling tool
does NOT work well with storage selected below about 10 to 12 minutes of storage. It is unknown at this time if it is a
reflection of the physics or if it is simply the algorithm used for the modeling process. But the wrong size storage tank will
result in the temp of the tank oscillating enough to turn the chiller on and off from one hour to the next. So be sure and
observe the output chart as the tank size is selected.

*The storage tank should be isolated from the system on both sides by either traps or solenoid valves to keep the losses
down in the tank. Tank losses will be as low as 2% overnight if this is done. If not, thermal siphoning will take away at least
50% of your stored heat overnight.

*The array and distribution pipes will contain a lot of mass, and are likely to have as great a mass as the storage tank. Their
losses will be very large and you can expect that the fluid in this mass will drop to ambient overnight. So, to control this
system for best performance, install a solar P.V. device on the array with the same azimuth and tilt angle as the solar thermal
collectors. Once an adequate amount of solar energy is striking the array as measured by the solar P.V. device, have the
control system turn on the fluid pump and begin circulating the fluid through the pipes and array only. (Many of the solar
thermal collector manufacturers already have this capability available as an option). Monitor the temp in the tank and the
distribution lines. Once the temp of the fluid circulating through the array and pipes reaches 1 degree higher than the tank,
open the valves to the storage tank and begin charging it.

*Once the temp of the fluid in the tank reaches the predetermined chiller start temp (this should be much higher than the
chiller stop temp), turn on the pumps to the chiller and start the chiller. (The reason for the higher start temp is that the chiller
at first start will take a great deal more energy until it gets balanced and will return a delta T on the heat medium much
greater than 9F, resulting in the chiller bouncing on and off). Further, the chiller must be able to control the flow of heat
medium fluid into the chiller to prevent the absorbent from precipitating out of the solution as salt.

*A thermostatically controlled mixing valve across the heat medium input lines on the chiller will help to keep the fluid temp
from exceeding 203F. If 203F is exceeded, the chiller will protect its self by shutting down requiring a manual reset. However,
this valve will only provide very limited relief. The best option is the next one.

*Finally, some means of relieving excess heat from the field is required! Not an option, and using the heat for domestic hot
water, though a great idea which should be considered, is NOT ADEQUATE for protecting the field and the chiller from over
heating. A dump radiator is REQUIRED, preferably where shown here to protect the entire system. | recommend that the
dump radiator be set up to keep the temp of the heat medium from exceeding 200F input to the chiller to account for
variations in components and controls.

*You also have the option with a very small storage tank of taking the return hot water straight to the array field, and not
passing it back to the tank. This however requires matching the flow rate in the array with the chiller flow rate. The chiller is
capable of a significant variation in heat medium flow rate, with the trade off being a minor de-rating of the chiller capacity, so
design for best overall fit.
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Chiller System Design
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To finish out the system, you will need:

*A cooling tower. These systems are water cooled. You should seriously consider allowing the chiller
to control the cooling water pump as well as the cooling tower fan. Should you prefer to have these
controlled by another source, consider that the chiller must have the cooling water continue to flow
for 4 minutes after the chiller shuts off for whatever reason. Allowing the chiller to control the fan will
also insure that the cooling water input to the chiller temp will not be below 75F for more than a very
short period of time. 80F is the magic temp here, so accommodations should be made to keep it at or
above 80F. If the cooling water input remains below 75F for more than 30 minutes, the chiller will
begin to protect its self from crystallizing which will result in a significant derating of the chiller
performance.

*Since it is not always possible or even practical to allow the chiller to control the pump and the fan
for the tower, and since these chillers work best with cooling tower water between 80F and 88F, a
thermostatically controlled mixing valve between the cooling water inlet and outlet set for 80F will
keep the chiller from suffering the negative effects of excessively cool tower water.

*You will of course require an air handler / fan coil as appropriate for your application, unless you are
simply operating in side stream for peak shaving.

Finally, if this system is to be the primary chilled water plant for the facility, an Auxiliary Boiler will be
required. Should you place an Aux Boiler into the system, it is imperative that you NOT attempt to
operate the solar heat source and the boiler simultaneously! One or the other, but not both at the
same time. This will at the very least result in the boiler bouncing on and off, but most likely will result
in the boiler providing 100% of the heat to the chiller and eventual damage to the solar array due to
stagnation.
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Solar Assist of Small Package Rooftop.

Yazaki
Solar
el Chiller

Package Rooftop A/C

/7
Roof of Bldg

Chilled Water

Plenum for dist
Of cold air to bldg

Transition / T_
To Hydronic Coil

Hydronic Coil
Connected to
Solar Chiller

2 Stage Thermostat

The 2 stage thermostat first call for cooling from the solar chiller, which is supplying
chilled water to a hydronic coil connected between the existing supply duct of the
Package rooftop and the distribution plenum. As long as the solar powered chiller is
supplying adequate cooling, the compressor on the rooftop electric system never
runs. Once the solar system is unable to supply enough chilled water, the 2 stage
thermostat will start the compressor on the rooftop unit. The sun will continue to
supplement the rooftop ac for as long as possible. The only other modification
required would be a small increase in the horse power for the fan in the packaged
unit. This is easily and inexpensively done. | will have some savings estimates for
this early next week.
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Refrigeration Sub-Cooling

ast Brazed Plate
at Sourc Heat Exchanger

The largest single energy expense for most grocery stores is maintaining conditions for cold and frozen foods.
Especially as the heat of the day wears on reducing the efficiency of their refrigeration heat rejection equipment.
A grocery store’s single largest asset at risk is their perishable foods, so a premature failure of their refrigeration
equipment can be costly. So anything we can do to reasonably reduce the operating expense and reduce the
wear and tear on the refrigeration expense can have a significant impact on the store’s bottom line.

This application uses waste heat or solar energy to sub-cool the refrigerant leaving the condenser and entering
the refrigeration cabinet.

Step 1. Install a “Brazed Plate Heat Exchanger” into the liquid line between the condenser and the expansion
device(s) on the refrigeration cabinet(s).

Step 2. Connect the chilled water lines from a Yazaki WFC chiller to the brazed plate heat exchanger.

This chiller can be powered by any source of waste heat available with hot water between
160F and 203F. This can be provided by jacket cooling water from a generator, recovered heat from a
generator’'s exhaust, or even passively derived hot water from solar panels.

Step 3. As the chilled water flows through the heat exchanger, it will lower the temp of the high pressure liquid
by 2 to 4 degrees, effectively sub-cooling the refrigerant before it enters the expansion device.

This subcooling will reduce the load on the system, and improve the efficiency of the
refrigeration circuit especially during the hottest time of day. The result is a more reliable refrigeration system
with reduced operating costs. Especially if the heat source is solar or recovered waste heat.

At Shop-Rite on Long Island, they experienced a 50% reduction of compressor utilization during a 100F period.
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Optimization by Design
Steps to Configure an Effective Solar Chiller
Define the Job — Determine Unload Points
Download Insolation Data from NASA & NSRDB
Determine optimum tilt angle for your Application

Choose the best type of collector for this
application

Choose the optimum Azimuth

Size the Array to meet the needs of your
application

Size the Storage Tank for best Performance
Don'’t forget safety devices and controls
Determine Array Spacing
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Shade Avoidance

Array spacing can be set to guarantee that no element of the array will shade
another element of the array on the shortest day of the year, December 215t
However, you may not care about the winter months nearly as much as the summer
months and insuring that you are providing shading to the entire roof. For that
reason, this modeling template allows you to choose the shortest day for which you
wish to guarantee no shading.

The template will take as an input the length L of the array and will calculate for you
on the chosen date, the distance D.

Shade avoidance is the simple application of the Law of Sines as illustrated above.
It is important to keep in mind that the azimuth of the sun changes as the day wears
on and so the calculations must prevent shading of an eastern laying collector from
a panel to the southwest of it. This worksheet takes into consideration the altitude
and azimuth of the sun and the azimuth of the collector array at 2:00PM standard
time for collectors pointed west of south, and at 10:00AM for collectors pointed east
of south.

The equations for this worksheet are taken from the ASHRAE Pub 1988 section 3-
17. They seem to break down (provide what appear to be unreasonable results) for
collector azimuths exceeding 30 degrees.
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Here, select the earliest date for which you wish to guarantee no shading. Dec 21 is the shortest day
of the year, but your application may only care about April through Oct air conditioning and you are
more concerned with shading the roof in the summer than providing thermal energy during the winter.
You can pick any day of the year.

Enter the length of the collector L (this system has no idea of the actual dimensions of the collectors
except for gross area) as shown on the previous slide in dimensionless form. If the length L is 3 feet,
enter 3. If the length L is 3 meters, enter a 3.

You will then read off the distance D between collectors as shown on the previous slide in the same
units as entered. If you entered 3 as feet, read off the distance D as 4.80 feet. If you entered L as 3
meters, read off 4.80 meters.

This calculator takes into account the array tilt angle, latitude and array azimuth. However, it does not
appear to work well for azimuth angles in excess of 30 degrees, so the engineer should do his own
due diligence on this calculation.

According to ASHRAE suggestions, if the array is facing to the east, the shading calculations are
based on the sun’s position at 10:00AM local standard time. If the array is facing toward the west, the
calculations are made at 2:00PM local standard time.
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Click on the “Financials” tab to access a sidestream financial savings estimator.
This can be used to help develop a financial justification for optimizing an existing
chilled water plant.

All blue background cells are entries. Yellow cells are calculated.

The Financials tab provides a means of putting a financial value on using one of
these solar powered chillers in sidestream with an existing electric chiller. The
object is to size this system in such a way that during the hottest times, the existing
chiller is unloaded to its most practical and advantageous point. Then, knowing the
weather, the load on the building and the performance curve from the electric
chiller, as well as the cost of electric service, this tab can estimate the electricity
savings achieved with the solar powered peak shaving.

You may also notice that there are several locations on this worksheet where a blue
entry cell is located near a graph or a table titled “Enter % of Full Load =*. This is
simply a calculator that you can use for a sanity check which uses the polynomial
routine to calculate a specific value based on the graph or table it is located just
above. For instance, the first one is located immediately above the chiller
performance curve chart. Entering the percent of full load will calculate the
KW/RTon from the performance curve for that particular fraction of full load.

This same routine (calculator) is available in two other table on the worksheet. They
are NOT required for operation of the worksheet. They are only there for your
convenience.

80



Financial Estimator

Optimization Effect on Existing Chiller Load
Solar Application 2 Typical Screw August
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On the “Financial Estimator” spreadsheet, there are two derived charts. Notice that
this one shows the performance of the combined sidestream system as a percent of
full load for the month of August. You can choose which month to display by a drop
down box immediately above this chart on the spreadsheet.

It can be seen from this chart, that during the month of August, the solar fired chilled
water system is keeping the existing electric chiller at or below 75% of full load
during the hours sunlight is available.

This chart compares the percentage of full load with the solar system running
against the load on the existing electric chiller if the solar fired chiller was not being
used.

87



Financial Estimator

Optimization Effect on Existing Chiller Efficiency
Solar Application 2 Typical Screw July
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This chart shows the kWatts per Ton cost to operate the existing electric chiller
during those hours when sunlight is available and compares this cost to the cost in
kWatts per Ton to operate the existing electric chiller without the solar fired chiller.

It can be seen that the solar fired chiller has a profound effect on the COP of the
existing electric chiller by keeping its operation within the more efficient portions of
its performance curve.

This chart is for the month of August. To change this, use the same drop down
selection as for the previous chart.
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