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CHAPTER 1

| ntroduction

Electric utilities can realize economic and environmental benefits from a large
scale implementation of solar energy systems. Reductions in energy use achieved with
solar domestic hot water (SDHW) systems and energy generation from photovoltaic (PV)
systems at the consumer level result in reductions in energy, emissions and demand at the
generation level, and improvements in system reliability through capacity contribution.
Additional utility benefits can be found in delaying power plant construction, electric
customer retention and government incentives such as tax credits given for egquipment

investment and energy subsidies.

These benefits can be quantified in terms of dollars to give a utility an assessment
of the value that a large scale implementation of solar energy systems may have. Starting
in the late 1980’ s the Sacramento Municipal Utility District (SMUD) offered customers
rebates on SDHW systems to encourage the use of solar energy. Not only did this
program offer a rebate off the total cost of the SDHW system, but it spread the balance
out in payments over ten years. Recently, Wisconsin Public Service (WPS) began a
program in which customers could lease a $2000 SDHW system for $140 down and $12
per month.

It is important to show electric customers that such solar energy demand-side



management (DSM) programs have vaue to them. Historically, homeowners have
tended to shy away from SDHW systems due to high first costs, perceived unreliability of
the systems and payback periods on the order of ten or more years. Such programs as
offered by SMUD and WPS help ease the burden of payment by the customer for solar
energy systems. Moreover, annual electric bill savings outweigh the annual payments for

the system, thus making SDHW attractive to consumers.

1.1 Motivation for Research

For a utility to consider solar DSM programs such as those offered by SMUD and
WPS, the programs must be beneficial to the utility. Central Vermont Public Service
Corporation attempted to assess system performance by an on-site monitoring of ten
SDHW test systems (Sinos, Lind and Kirby, 1995). This type of small scale monitoring
shows the consumer what their energy savings are, but shows insignificant impact at the
utility level. Utilities must look at a larger number of systems to assess the benefits that

solar energy systems can have.

Most utility analyses of solar energy systems stop at an assessment of energy
reduction. These assessments are usually based f-chart predictions (Duffie and Beckman,
1991) of monthly performance and are based on average temperature and radiation values
for the given month. This method predicts aggregate energy reduction reasonably well,

but it does not identify emission and demand reductions.

Utility analyses that attempt to address the demand reduction achieved by solar
options tend to look at the system performance on a single peak day or a group of peak

hours. This method fails to account for capacity contribution through demand reductions
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a al hours (Harsevoort and Arny, 1994). An hourly study of these capacity
contributions is needed to accurately assess the improvements in system reliability.
Furthermore, operating costs and emission characteristics are dependent on the last plant
to be added to the generation mix, known as the margina plant. Operating costs and
emission characteristics are therefore time dependent as the marginal plant varies with

time.

An accurate analysis of the impact of solar energy systems must be an annua
assessment performed on an hourly basis. System performance is calculated using hourly
weather data for the city in which the utility’s customers are located. The marginal plant
for a given utility or group o utilities is calculated hourly with utility or region load
information and plant capacity data for each plant in the regional mix. With hourly
predictions of both system performance and the margina plant, an accurate assessment of

energy, emissions and demand reductions can be made.

It is of vital importance to the correctness of the analysis that weather data and the
load data represent the same year. Both the utility load and the performance of solar
energy systems are largely driven by weather and the interaction is often well matched.
For summer peaking utilities, the peak load is often found on the hottest day of the year
that is accompanied with high levels of solar insolation. Winter peaking utilities in areas
where homes are heated by electric means tend to find peak loads on the coldest day of
the year. In northern climates, these peak load days are often clear days with high solar
insolation which follow clear nights. With these peak load observations, the westher-
load interaction is seenand the importance of using weather and load data from the same

year in an analysis becomes apparent.

A large number of systems must be considered for the analysis to have a



4 Introduction
significant impact on an electric utility. When considering photovoltaic systems as grid-
connected electric generators, the performance of many systems as seen by a utility at the
generation level can be reasonably assessed by simulating a single system as an average
system and scaling up the results. However, this method is not accurate when simulating

alarge number of SDHW systems.

The impact of a large scale implementation of SDHW systems cannot be
estimated by one test site system. SDHW systems will not act identical to one another
due to storage and control differences and, most importantly, differences in water draw
profiles at individual locations. To assess the impact of many SDHW systems with one
simulation an appropriate average water draw must be used. This average water draw
can then be used in a simulation to predict the amount of energy required to heat the
mains temperature to a set point temperature and ultimately to predict the amount of
energy required at the electric utility generation level. With an appropriate average water
draw, a single average SDHW simulation may be used in conjunction with the energy
rate control (ERC) simulation method to predict the impact of many SDHW systems
(Cragan, 1994).

1.2 Literature Review

Grater (1992) showed that annual energy consumption of a single solar domestic
hot water system was less than that of an electric domestic hot water (EDHW) system,
but peak demand was the same in both cases. Grater then simulated multiple EDHW and
SDHW systems using random hot water draw profiles for each pair of simulations.
Through these multiple smulations Grater showed that not only was the SDHW energy
consumption less than that of the EDHW systems but, also, the SDWH systems showed



Introduction S
lower peak demand. Grater concluded that a sample size of 400 systems is adequate to
predict a large scale impact of SDHW systems. The problem with Grater’s analysis was

the use of extreme and unlikely water draw profiles in some cases.

Warren (1993) addressed the issue of sample size in a study of gas furnaces.
Warren showed that a sample size of 100 systems provides adequate confidence in
determining the average demand of an ensemble of systems as compared to the average
demand of measured data. Warren then explored a single energy rate control (ERC)
using average system parameters as an alternative to a large number of temperature level
control (TLC) simulations. Warren found the ERC simulation to closely reflect the

average of greater than 1000 TLC simulations.

Cragan (1994) combined the ideas of energy rate control and an average hot water
draw profile to assess the impact on a utility of an ensemble of SDHW systems. Cragan
developed average weekday and weekend hot water draws using WATSIM, a program
that predicts typical household hot water draws, developed by the Electric Power
Research Institute (EPRI). Cragan showed that the use of an average water draw resulted
in agood estimate of average system performance. Cragan analysis employed the energy
rate control to ssimulate the demands required by SDHW and EDHW systems to supply
the hot water required by the developed water draws. The results were compared to
assess energy, emission and demand reductions at the generation level provided by the

ensemble of SDHW systems.

1.3 Objective of Research

The lack of a standard planning model that evaluates the benefits and costs of
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renewable technology is a significant barrier to utility integration of these technologies
(Wan and Parsons, 1993). This research aims to develop a standard methodology to
assess the benefits and costs of solar domestic hot water and photovoltaic systems to
utilities and electric customers. Advantages and disadvantages of a solar DSM program

are identified.

The objective is extended to automate the methodology into a software package to
be distributed to utilities so that any given utility can assess the benefits found in solar
energy systems. Innovative use of TRNSYS (Klein et a., 1994), a software package
developed by the University of Wisconsin-Madison Solar Energy Laboratory, and
TRNSED (Fiksel et al, 1994), an gliting environment to TRNSY'S, allow users to select
and and tailor solar energy systems to be used in the analysis. Users have the opportunity

to provide specific utility information that will affect the economic assessments.

TRNSYS is used to smulate conventional and solar energy system performance.
Subroutines added to the TRNSY S program alow for calculation of the margina plant at
each hour of the year and the economics of a given option. Given system performance,
marginal plant data and user specified information, reductions in demand at the consumer
level are trandated to reductions in energy, emissions and demand at the generation level
and quantified in terms of dollars. These savings are then combined with other identified

benefits to report the life cycle savings of a solar energy option.



CHAPTER 2

Background

A utility load is largely driven by weather that is often well matched with the
operation of solar energy systems. Most utilities tend to find peak loads in the summer.
These peak loads are largely driven by air conditioning demands and are on hot days with
high levels of solar insolation. These conditions are ideal for solar energy system
operation. With a sufficient number of solar energy systems on the demand side, a utility

can achieve a significant demand reduction.

Some winter peaking utilities can aso realize demand benefits from solar energy
systems. Utilities that peak in the winter tend to be in areas where homes are generally
heated electrically. Peak loads ae often found on the coldest day of the year when
heating demands are highest. In northern climates, the peak loads tend to be on clear
days following clear nights. These clear days alow for significant solar insolation that

promote solar energy systemperformance.

Summer and winter peaking utilities can both benefit from the energy and
emission reductions at the generation level. A large scale implementation of solar energy
systems can provide for significant annual reductions in energy use at the consumer level
resulting in annual energy and emission savings at the generation level. These benefits

along with the demand benefits can make solar energy systems an attractive demand-side



management option.

21 Solar Energy Systems

Two types of solar energy systems are often considered for home use:
photovoltaics and solar domestic hot water. Photovoltaic systems convert solar radiation
to electricity. These systems can be connected to the grid to act as a small power plant.
Solar thermal systems use solar insolation to heat a medium such as air or water. SDHW
systems are a type of solar thermal system and are can be considered as a small power

plant in the sense that they reduce e ectric demand.

211 Solar Domestic Hot Water

Solar domestic hot water systems are used to preheat water that is to supply a hot
water load. The primary elements in an SDHW system are a solar collector, an auxiliary
tank with an auxiliary heating element, a pump and a controller. Other common
components include a heat exchanger and and a solar storage tank. Figure 2.1.1-1 depicts

atypical two-tank solar energy system.
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Tempering Valve

To Load

Auxiliary Tank and |
Heating El ement |

¥

Water Supply
From Mains

Pump Controller

Figure2.1.1-1: A Typical SDHW System

In this system the auxiliary heat input is atypical 4.5 kW electric heating element.
The heating element makes up for the energy not provided by the solar system to meet
the set point temperature of the water to be delivered to the load. The pump controller
monitors the temperatures at the bottom of the solar storage tank and at the outlet on the
collector plate. When the plate temperature reaches a temperature above that of the

bottom of the tank, the pump turns on, collecting useful thermal energy.

At times the system will collect sufficient energy so that no auxiliary hea input is
required. In summer it is not uncommon to find the temperature of the solar heated water
to exceed the set point temperature. In this case the water is tempered via the tempering
valve as shown in figure 2.1.1-1. The result is that the water draw out of the auxiliary

tank is less than that delivered to the load.

The heat exchanger is a common feature in cold climates used for freeze
protection. Without a heat exchanger the water from the storage tank is pumped through
the collector. Under freezing conditions, water in the lines can freeze causing damage to
the system. Ethylene glycol-water and propylene glycol-water solutions are the most

common anti-freeze heat exchanger fluids used in SDHW applications. Another form of
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freeze protection is known as drain-back. In a drain-back system, the water that would
remain in the linesis drained into the tank or a sump to keep it from freezing (Duffie and

Beckman, 1991).

2.1.2 Photovoltaics

Photovoltaic systems are used to convert solar energy into electrical energy. The
primary components of a grid-connected photovoltaic system include a photovoltaic
panel, a maximum power point tracker and a DC/AC converter. The photovoltaic panel
is made up of may individual photovoltaic cells connected in series. Figure 2.1.2-1

illustrates a typical grid-connected photovoltaic system.

Solar Panel
DC/DC
Maximum DC/AC
Power Point t//_\ Converter
Tracker

Figure 2.1.2-1: A Typical Grid-Connected Photovoltaic System

The rudimentary physics behind the photovoltaic process is that an atom or
molecule of the material that makes up the cell absorbs a photon of the solar radiation. If
the energy level of the photon is high enough, the absorption of the photon frees an
electron from the atom or molecule. This process of freeing electrons ultimately results
in the electricity produced by aPV cell. Common materials used in photovoltaic cells are

silicon, cadmium sulfide and gallium arsenide (Duffie and Beckman, 1991).

The current and voltage characteristics of a photovoltaic cell changes as the level

of incident radiation changes. Figure 2.1.2-2 displays the trends of the I-V curves for a
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typica photovoltaic cell for changes in radiation level and is intended for illustration
purposes only. Figure 2.1.2-2 shows that as the incident radiation level increases higher
currents can be achieved. Many operation points are possible for a given radiation level.
However, it is most desirable to operate at the maximum power point for a given incident

radiation level, marked by an ‘X’ in figure 2.1.2-2.

Increasing Radiation Level

Pl

/
7

Current [Amps]

M aximum Power Point

Voltage [Voltg
Figure 2.1.2-2: 1-V Curve for a Typical PV Cell

The DC current drawn from the photovoltaic cell is fed to a DC/DC maximum
power point tracker. The maximum power tracker varies resistance to maintain a near
optimum operating cordition. In most cases the maximum power tracker also converts
the power to correspond to the voltage that is required by the load. The resulting voltage-
corrected power is fed through a DC/AC converter where the DC current is converted to

an AC current with afrequency and voltage matching that of the grid.

2.2 Electric Utility Interest in Solar Energy Systems

Utilities considering a solar DSM program must identify the potential benefits and
costs of the option. Costs related to such a program include the initia investment

required to purchase the systems, administrative costs and any operation and maintenance
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costs that may be associated with the systems. Generally there is no operation costs to
the utility associated with solar energy systems as the customers pay for the energy

required to run the systems.

Solar energy systems offer benefits such as reductions in energy, emissions and
demand. Reductionsin energy achieved by SDHW systems and the energy generated by
PV systems at the customer level directly result in these benefits at the generation level.
Other benefits may be found in government incentives offered to promote renewable
energies. These incentives include tax credits given towards the investment in renewable

energy and asubsidy given for energy production by the system.

It is up to the utility to place other values on the program. For example, a utility
may include customer retention as a benefit of a solar DSM program. It is possible that
an electric utility may lose electric customers to an aternate fuel such as natural gas for
water heating. With a solar energy program, a utility may retain a portion of these
customers that would otherwise be lost. Additionally, solar energy programs may bring
in new customers, capturing a larger market. Utilities that deal in both electricity and gas
may want to consider customer retention as a benefit as a higher profit margin is often

realized on electricity than on natural gas.

Utilities may also consider placing value on delayed mwer plant construction.
Solar energy systems effectively add capacity to a utility’s generation mix. The effective
capacity added by solar energy systems may be significant enough to delay the
construction of new facilities. This can be viewed as taking further credit for peak
demand reduction. Once the potential benefits of a solar DSM option are identified, they

can be quantified.



CHAPTER 3

Solar Energy and Conventional System Models

To evauate the impact of alarge scale implementation of solar energy systems on
an electric utility, knowledge of solar system performance is needed. This chapter
develops the system models used to simulate a large number of solar energy systems.
The intent is to represent the results of a large number of simulations with a single
simulation. From the solar system models, the system performance can be predicted. The
system performance is used to evaluate energy, emission and demand reductions at the

generation level.

The transient system simulation program TRNSY S (Klein et al., 1994) developed
by the University of Wisconsin Solar Energy Lab is used to simulate solar energy system
performance. TRNSYS is a modular program that contains subroutines known as
TYPES that represent the components found in solar energy systems among others. By
correctly specifying the time dependent inputs and fixed parameters that define each

TY PE, the solar energy systems are simulated.

Certain parameters of the solar energy and conventional system models can be
edited through TRNSED (Fiksel et al., 1994). The sections describing the system models
are concluded with a discussion of the parameters that can be edited. Default values are

given astypical system parameters.

3.1 Domestic Hot Water Systems

14



Average system demands of both SDHW and EDHW systems are found in order to evaluate the
impact that a lage scale implementation of SDHW systems has on an electric utility. Utilities realize
reductions in energy, emissions and demand due to the performance of an ensemble of SDHW systems. A
representative EDHW system is needed as a comparative system to judge SDHW system performance
against. An average residential water draw is obtained to predict the average amount of energy required by

the SDHW and EDHW systems.

311 System Configurations

Typical EDHW and SDHW models are developed using TRNSYS. One and two
tank SDHW systems are modeled to assess their performances compared to an EDHW
system. Certain system parameters are made visible through the TRNSED front-end.
Representing one and two tank models through TRNSED allows for a wide variety of

systems to be simulated as system parameters can be changed.

3111  ElectricDHW System Model

The EDHW system modd is depicted in figure 3.1.1.1-1. The system consists of
a electric hot water storage tank with two 4.5 kW heating elements. The tank supplies a
residential hot water load. Water from the mains replaces the water drawn from the tank
to supply the load. To simulate stratification, the storage tank is modeled as a three node
tank, representing three temperature levels within the tank. A heating element is located
in both the top and bottom third of the tank. The heating elements are controlled on a
master/dave relationship. With this control, only one element may be on at a given time
so that the maximum power demand is 4.5 kW. This arrangement is typical of standard

EDHW systems.

15



——p» ToL oad

Electric 45 kW
Tank Heating Elements

* From Water Mans
Figure 3.1.1.1-1: The EDHW System Model

The EDHW system supplies hot water at a given set point temperature. The set
point temperature used in the EDHW modd is 140; F (60j C). The set point
temperature is a fixed system parameter. The heating element supplies electric power to

maintain the upper third of the tank at the set point temperature.

System parameters can be changed through the TRNSED front-end. The tank
parameters available in the TRNSED front-end are the volume and height, and the
insulation R value. The magnitude of the average daily water draw can aso be changed
(see section 3.1.2). These parameters are made available so that a system can best be
represented for a given location. Table 3.1.1.1-1 summarizes default parameters typical
to an EDHW system. The tank parameters are taken from the SRCC ratings (SRCC,
1994).

8/6/2002Table 3.1.1.1-1: Typical EDHW System Parameters
Tank Parameters

Tank Volume
80 [gallong]
Tank Height
4.89 [ft]
Insulation R Value
16.7 [hr-ft2-F/Btu]
Water Draw Parameters

Average Daily Water Draw
69 [gallons/day]
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17

3112 OneTank SDHW System M odel

The one tank SDHW system model is depicted in figure 3.1.1.2-1. The system
consists of a collector, auxiliary tank with a 4.5 kW heating element, pump and
controller. The heating element in the auxiliary tank provides heat input that is not
provided by the solar collector to maintain the upper third of the tank at the set point
temperature of 140; F. The bottom heating element of the tank is disabled, leaving only
the top element. The controller initiates flow through the collector by monitoring the

temperatures at the bottom of the tank and at the collector outlet.

Tempering Vave

* From Water Mains

Controller
Figure 3.1.1.2-1:. The One Tank SDHW System Model

A tempering valve is introduced to the system in case the tank temperature is
above the set point temperature. If the tank temperature is above the set point, the
tempering valve mixes mains water with the water from the tank, thus reducing the draw
from the tank. The new tank draw can be found with mass and energy balances on the

tempering valve, assuming a constant specific heat of water. Equation 3.1.1.2.1 gives the



water draw from the tank when the tank temperature is above the set point temperature.

mass balance:

Miank + Mmains = Moad

energy balance:

M tank Cp Ttank + Mmains Cp T mains = MoadCp T set point

Rearranging and substituting for Mmains :
set point ~ Tmains

Ttank - Tmains (31.1.21)

Mtank = Mioad

System parameters can be changed in the TRNSED front-end. The tank
parameters and magnitude of the water draw can be specified, as in the case of the
EDHW system (see section 3.1.1.1), as well as the solar collector parameters. Slar
collector parameters accessible through the TRNSED front-end include the number of
collectors that make up the system, collector area, slope, Fr(ta) and FRU,. A heat
exchanger, as depicted in figure 2.1.1-1, can also be added to the system through
TRNSED. The heat exchanger parameters that can be modified are the heat exchanger
effectiveness and the specific heat of the collector side fluid. A typical heat exchanger
effectiveness is 0.5 or less. The specific heat of ethylene glycol, a typica collector side
fluid used with a heat exchanger is 0.577 Btu/lbm-F. If no heat exchanger is desired, the
effectiveness is entered as -1. The pump sze is specified by entering the power
consumption of the pump in Watts. Table 3.1.1.2-1 summarizes default parameters
typical to a one tank SDHW system. Collector parameters are typical to an SRCC rated

collector.

8/6/2002Table 3.1.1.2-1: Typical One Tank SDHW System Parameters

nk Parameters

ank Volume
[gallons]
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ank Height
9 [ft]
1sulation R Value
7 [hr-ft2-F/Btu]
lar Collector Parameters

lumber of Collectorsin Array

res
[ft9]

r(ta)

)

rRUL

9 [Btu/hr-ft2-F

lope
[degrees]

at Exchanger Parameters

ffectiveness

pecific Heat of Collector Side Fluid
) [Btu/lbrr-F]
mp Parameters

umping power

(W]

ater Draw Parameters

verage Daily Water Draw
[gallong/day]

3113 Two Tank SDHW System Model

The two tank SDHW system model is depicted in figure 3.1.1.3-1. The system
consists of a collector, solar storage tank, auxiliary tank with a 4.5 kW heating element,

pump and controller. The auxiliary tank provides heat input thet is not provided by the



collector to supply the load at the set point temperature of 140; F. The bottom heating
element of the tank is disabled, leaving only the top element. The controller initiates
flow through the collector by monitoring the temperatures at the bottom of the tank and at
the collector outlet. The tempering valve operates in the same manner as described in the

one tank SDHW mode!.

Tempering Valve

Q—# TolLoa
& |
Collector | 2_4'5 KW |
| Solar Auwiliary |
| S'El%rnalge Tank and |
| Heating |
| Element |
@ | * | 4 i
| | * From Water Mans

Controller
Figure 3.1.1.3-1: The Two Tank SDHW System Model

System parameters can be changed through the TRNSED front-end. The
parameters that can be atered are the same as in the one tank SDHW model with the
addition of the solar storage tank parameters. A heat exchanger can be added between
the collector and solar storage tank as described in the one tank model. Table 3.1.1.3-1

summarizes default parameters typical to atwo tank SDHW system simulation.

8/6/2002Table 3.1.1.3-1: Typical Two Tank SDHW System Parameters
Ixiliary Tank Parameters

ank Volume
[gallons]
ank Height
9 [ft]
1sulation R Value
7 [hr-ft2-F/Btu]
lar Storage Tank Parameters
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ank Volume

[gallons]
ank Height
9 [ft]
ysulation R Value
7 [hr-ft2-F/Btu]
lar Collector Parameters

lumber of Collectorsin Array

rea
[ft2]

rta)

)

RUL

9 [Btu/hr-ft2-F]

lope
[degrees]

at Exchanger Parameters

ffectiveness
pecific Heat of Collector Side Fluid
) [Btu/lbrr-F]
mp Parameters
umping power
[W]

ater Draw Parameters

verage Daily Water Draw
[gallong/day]

3.1.14  Other System Configurations

Specialized TRNSED files offer the option to put SRCC rated collectors into the

one and two tank models. By selecting an SRCC collector, the collector area,



Fr(ta), FRU_ and incidence angle modifiers are fixed in the smulation (SRCC, 1994).

Use of SRCC rated collector parameters allows for assessing system performance using

parameters of real solar collectors.

Other SDHW system configurations, such as photovoltaic pumps and
thermosyphons, can be nodeled with TRNSYS. With knowledge of TRNSY'S, specific
systems that are to be considered as solar DSM options can be simulated to assess system
performance. Section 5.6 of the EUSESIA User’'s Manual (Trzesniewski et al., 1995) in

Appendix A describes the considerations involved in modeling a system.

3.1.2 Resdential Water Draw Representation

To smulate a large number of solar energy system with a single system, an
average residential hot water draw must be obtained. This average draw may be thought
of as the draw seen by a water utility due to residential hot water draws only. Figure
3.1.2-1 shows atypical family of four household water draw as predicted by WATSIM, a
water simulation program (EPRI, 1992). Using this water draw as an average water draw
would be incorrect as it would represent the water draw patterns of a single household.
The water draw depicted in figure 3.1.2-1 is not the average load a water utility would see

due to residential hot water draws.

150

= Total Water Draw = 58.4 Gallons

100

50

Water Draw [gph]

0 4 8 12 16 20 24
Hour of Day
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Figure 3.1.2-1: A Typical Household Daily Hot Water Draw (Cragan, 1994)

Cragan (1994) addressed the issue of finding an average water draw profile
representative of residential hot water draws. Employing WATSIM, nine hundred
separate household water draws, as the one shown in figure 3.1.2-1, were simulated. The
resulting nine hundred profiles were averaged and smoothed to find average weekday and
weekend water draw profiles. Figure 3.1.2-2 shows the resulting hot water draws that are
used in the EDHW ard SDHW system simulations. These draws result in an aggregate
draw of approximately 69 gallons/day.

Daily Water Draw = 69 gallons

,:| 8 [ T T T I T T T I T T T I T T T ]
< i 4
Il - e \Neckday [gal/hr]-
2 6 _
0 ]
0 4 L i
b - -
g . |
o [ ‘_
('G - |
S 0 ¥ 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 ]

0 6 12 18 24

time [hr]

Figure 3.1.2-2: Average Weekday and Weekend Hot Water Draw Profiles

The water draw used in the domestic hot water systems can be scaled through the
TRNSED front-end. The front-end offers an opportunity to specify the average daily
water draw for a location. To scale the draw, the hourly value is multiplied by the value
input in TRNSED and divided by the basis (69 gallons/day).



3.1.3 Critical Timestep Considerations

When simulating a domestic hot water system, care must be taken in defining the
simulation timestep. A model that is smulated at a timestep greater than the critical
timestep can go unstable. When simulating domestic hot water systems, the critical
timestep can be reduced to a function of the volume of the tank (Vigni), the number of
tank nodes (N) and the volumetric flow rates of any flow into and out of the tank. The
flows through the tank are the flow due to the water draw (Vdrav) and the flow to the

collector (Vcollecto) Equation 3.1.3.1 gives an expression for the critical timestep.

Viank
N (Vdra/v+ Vcollecto) 3131

Dtgritical =

In this simulation the tank size and magnitude of the water draws are parameters
that can be changed in the TRNSED front-end. To correctly assign the critical timestep
an extreme case is identified which yields the smallest critical timestep. Referring to
equation 3.1.3.1 it can be seen that the critical timestep will be smallest when the tank
volume is small and the draw from the tank is large. Two assumptions must be made to
define the extreme case. Fird, it is assumed that the smallest tank size that will be
simulated is a 40 gallon tank. Second, it will be assumed that the maximum flow rate to
the load will be 10 gallonghr. Referring to figure 3.1.2-2 it can be seen that a for a daily
water draw of 69 galons/day, the maximum draw is around 23 kg/hr (6 gallong/hr).
Redligtically, an average daily draw for an area would not be more than 100 gallons/day,
which results in a maximum draw of around 9 gallonghr. A maximum draw of 10

galons per hour is chosen to add a safety factor into the critical timestep calculation.

The flow rate through the collector side of the tank is fixed at 86 gallonghr (325
kg/hr) and the tank is modeled with three nodes. Using this fixed information along with
the two assumptions previously discussed, the critical timestep can be found from
equation 3.1.3.1. This evaluation results in a critical timestep of 0.139 hr. The critical
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timestep chosen for the simulations is 0.1 hr, dlightly less than the critical timestep.

Table 3.1.3-1 summarizes the parameters used in determining the simulation timestep.

8/6/2002Table 3.1.3-1: Parameters Used in Timestep Consideration
nimum Tank Volume
[gallons]
Imber of Tank Nodes
(fixed)
Ilector-Side Flow

[gph]  (fixed)
Ximum Tank Draw

[gph]

ttical Timestep

39 [hr]

nulation Timestep
. [hr]
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3.14 Integrating the Demand for Hourly Output

The assessment of the impact of large scale implementation of solar energy
systems is performed on an hourly basis. Thus, the system performance must be reported
on an hourly basis. However, in order to meet critical timestep criteria, the smulation is
run at a tenth of an hour timestep. To output the demand requirement of a DHW system
on an hourly basis, the demand requirements at each timestep must be integrated over the
hour in which they occur. This integration is done by sending the demand requirements
of a system through the TRNSYS TYPE 24 integrator which is reset hourly. Table

3.1.4.-1 lists the hourly demand output from the DHW system models.

8/6/2002Table 3.1.4-1: EDHW and SDHW System Hourly Model Outputs
)HW Model

X

'HW Model



ux + Ppump

A few words need to be said about assessing the heat input requirements of the system. Crag
)94) used the energy rate control approach (ERC) where an just enough heat was input into the water draw of the load
tantaneoudly raise it to the set point temperature. In this approach the heating element is assumed to have an infinite h
e and tank losses are modeled as only from the top third of the tank which is assumed to be at the set point temperatu
e required heat input is integrated over the hour.

The energy rate control approach is also used in the DHW models previously discussed, athougl
not as apparent. The nature of the tank models in TRNSYS is essentially that of ERC except that the rate of input
lted to 4.5 kW rather than an infinite rate. As long as the integrated required heat input does not exceed 4.5 kW, |
iing element in the tank acts as an ERC zip heater. This approach is somewhat more accurate than the method used
agan since the tank losses are not assumed, as in Cragan’s work, and are correctly accounted for.

3.2 Photovoltaic Systems

To assess the performance of a PV system a model is developed to output the
hourly electric generation of the system. Since the PV system generates electricity rather
than reduces electricity consumption, no comparative system is needed in the analysis.
Electricity produced by the PV system at the customer level is reflected in energy,

emission, and demand reductions at the generation level.

Figure 3.2-1 depicts the PV system model used for simulation. The system
consists of a photovoltaic array, a maximum power point tracker and a DC/AC cornverter.
Electricity produced by the cell is fed to the maximum power point tracker which
maximizes the power by selecting the appropriate operating voltage and current. The DC
signal is then converted to an AC current and the signal is adjusted to the grid voltage and

frequency through the DC/AC converter.

Sla Panel

DC/DC To Grid
Maximum > DC/AC >
Power Point Convater
Tracker
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Figure 3.2-1: The PV System Model

A PV pane has parameters that are characteristic to its manufacturing and

reference conditions. Parameters that define the FV curve a reference irradiation and

temperature conditions include the open circuit voltage (V) and short circuit current
(Iso) and maximum power voltage (Vpmay ad maximum power current (Ipmay) 8S
depicted in figure 3.2-2. The open and short circuit temperature coefficients (m, o and
m ) are defined as the change in open circuit voltage and short circuit current with
respect to temperature (dV,/dT and dig/dT) respectively (Duffie and Beckman, 1991).
Other parameters characteristic to the manufacturing of the panel include the
transmittance-absorptance product (ta), material band gap, number of individua cdlsin

series per panel, panel width and panel length.

Maximum Power Point

lPmax

Current [Amps]

Vemax Voc
Voltage [Voltg]

Figure 3.2-2: Thel-V Curve at Reference Conditions

In the PV model these parameters are fixed through selection of specific
manufactured panels. Table 3.2-1 summarizes the characteristic parameters of two such
panels, the Advanced Photovoltaic Systems Inc. model EP-50 and the Solarmodule
modd AEG PQ.

8/6/2002Table 3.2-1: PV Pand Parameters
nufacturer and Model



vanced Photovoltaic Systems Inc. EP-50
armodule AEG PQ
ference Irradiatior
00 [Win2]

00 [Win2]

f. Cell Temperature
8 [K]

8 [K]

a Reference

y [Amps]

11 [Amps]

c @ Reference

5 [Voltg]

4 [Voltg

qax & Reference

2 [Amps]

! [Ampsg]

max & Reference
[Volts]

45 [Volts]

SC

015

1014954

,0C

19425

090092

)

)

)

teria Band Gap
55

55

cellsin Series per Panel

nel Width
b [m]

6 [m]

nel Lengtt
25 [m]
1776 [m]
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The PV system can be changed in the TRNSED front-end. The number of
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collectors that make up the system and their slope can be specified through TRNSED.
Power is lost in both the maximum power point tracker and the DC/AC converter. The
efficiency of these two components can be specified through the front-end. The grid
operating voltage can also be specified in the TRNSED front-end. Table 3.2-2

summarizes default parameters typical to a PV system.

8/6/2002Table 3.2-2: Typical PV System Parameters

' Panel System Parameters

lumber of panelsin series

lumber of panelsin parallel

lope
[degrees]

ximum Power Point Tracker Parameters

fficiency
15

>/IAC Converter Parameters

fficiency
15
rid Operating Voltage
J [Voltg
29
33 Summary

Models for EDHW, SDHW and PV systems are developed in this chapter. DHW
system models must be simulated at timesteps below the critical timestep. An average
water draw s used in the DHW systems so that one ssimulation can represent the average
of alarge number of simulations. The demand of an EDHW system is the amount of heat

input required to raise the water supply to the set point temperature. The demand of the



SDHW system is the amount of auxiliary heat input required to heat the solar preheated
water to the set point temperature plus the pumping power required move the water
through the collector. The PV system is controlled to generate electricity at the
maximum power point. The electricity generated is supplied to the grid at the grid
operating voltage. The models output hourly demands for the electric and solar DHW

systems and the hourly grid-connected generation of aPV system.



CHAPTER 4

Marginal Plant Prediction Model

The marginal plant at each hour of the year must be identified to correctly assess
the energy and emission savingsto a utility. The value of energy saved by a demand-side
efficiency measure is based on the operating cost of the marginal plant. Similarly, the
avoided emissions are related to the emission characteristics of the margina plant. A
model is developed to identify the marginal plant. The model is based on adding adjusted
plant capacities to the generation mix on aleast cost basis to meet the load. Plant specific
data used in the example calculations are taken from Advance Plan 7, Technical Support

Document D24: Power Supply (Public Service Commission of Wisconsin, 1994).

4.1 Capacity Adjustments

Utility electric generating plants face forced and scheduled outages during their
operation. In order to predict the marginal plant, a methodology is set up to adjust the
capacity to account for these outages. The year is broken down into two general seasons,
a peak season and a maintenance season. For example, the maintenance seasons may be
defined as the spring and fall months when the load is relatively low. The peak seasons
then are the winter and summer months when utilities tend to find relatively higher
demands. During the peak season, the capacity is adjusted to account for forced outages
only. In the maintenance season, the plant capacity is adjusted to account for forced and

scheduled outages.
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411 Forced Outage Adjusted Capacity

Electric generating plants may face full forced outages in which case the entire
capacity of the plant islost, or partial forced outages where only a fraction of the capacity
islost. The forced outage adjusted capacity considers both types of outages. Because the
exact time of a forced outage cannot be predicted, the forced outage adjusted capacity is
calculated statistically based on historical frequency of occurrence. The full forced
outage and up to four levels of partial forced outage are accounted for in the forced

outage adjusted capacity.

To adjust the nameplate capacity for forced outages, a forced outage adjustment
factor is first calculated (FOA factor). The FOA factor is calculated with forced outage
and capacity information. The FOA factor is defined in equation 4.1.1.1.

4

FOA factor= 1 - fullout - pmoC”ti*p?‘”‘:api
=1 apacity (4.1.1.1)

In this equation, fullout and partout are historical fractions of time in which a
generating unit experiences full and partial outages respectively. The variable partcap is
the remaining capacity that is available for service in the case of a partial outage. It is not
the amount of capacity that is lost during the partial outage. The FOA factor is used with
the nameplate capacity of the plant to calculate the forced outage adjusted capacity (FOA
capacity ) as defined in equation 4.1.1.2.

FOA capacity = FOA factor * Capacity (4.1.1.2)

The FOA capacity is an effective capacity used to find the marginal plant during



times when the plant is assumed to be operating in the peak season. Table 4.1.1-1
summarizes the FOA capacity and the information required to calculate it for a given mix
of generating plants. The data are representative of Wisconsin Electric Power Company
in Milwaukee, WI. The FOA capacity is used for further calculation when adjusting the
capacity for scheduled outages.

4.1.2 Forced and Scheduled Outage Adjusted Capacity

In addition to adjusting plant capacity for forced outages, capacity also needs to
be adjusted for scheduled outages. At times a utility knows exactly when it will take a
plant off line. If thisis the case, the scheduled outage information can be entered to make
the forced and scheduled outage capacity (FSOA capacity) zero. However, there are
times when a utility may know only a given time frame in which a plant will be off line.
If this is the case, the FSOA capacity has a value and the effective plant capacity is a
fraction of its nameplate capacity. This type of adjustment particularly makes sense
when looking at a region of utilities in which case it is hard to identify when neighboring

utilities will take their plants off line.
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Table4.1.1-1: WEPCO Forced Outage Adjuded Capadty Information
; Nameplae Full Partial Partial ;
Gen:rrgtﬂgi ? ant Copecity OutageRate | Outage Rate Capacity FOA[,\%&F/TC ity
[MW] [%] [%0] [MW]

Point Beach 2 497 1.9 0 0 4876
Point Beach 1 497 1.9 0 0 4876
Oak Creek 8 305 1 16 85 3006
Oak Creek 7 280 1 16 85 2758
Oak Creek 6 260 2 3 82 2523
Oak Creek 5 258 2 29 82 2505
Port Washington 4 80 4 15 29 764
Port Washington 3 82 4 14 29 783
Port Washington 2 80 4 13 29 764
Port Washington 1 80 4 13 29 764
Valley 4 70 2.5 4 34 669
Valley 3 70 1 15 14 672
Valley 2 62 2.5 39 30 593
Valley 1 64 1 13 7 625
Pleasant Prarie 2 580 1 13 220 5713
Pleasant Prarie 1 580 1 13 220 5713
Presquel de 9 84 1 3 14 827
Presquel de 8 83 1 3 14 818
Preguel de 7 81 1 3.2 13 798
Preguel de 6 85 1 22 20 837
Preguel de5 84 1 22 19 827
Prequelde 4 57 1 24 12 56.1
Presquel de 3 58 1 24 12 571
Presquel de 2 37 0 0 0 370
Pregueldel 25 0 0 0 250
Edgewater 5 97 2 5 38 932
Concord4 83 1 0 0 822
Concord 3 83 1 0 0 822
Concord 2 83 1 0 0 822
Conocord 1 83 1 0 0 822
Germantown 4 53 1 0 0 525
Germantown 3 53 1 0 0 525
Germantown 2 53 1 0 0 525
Germantown 1 53 1 0 0 525
Oak Creek 9 20 1 0 0 198
Point Beach5 20 1 0 0 198
Port Washington 6 18 1 0 0 178
5138 50355

To adjust the capacity to account for scheduled outages, scheduled outage
information is needed to calculate a scheduled outage adjustment factor (SOA factor).
The information required includes the scheduled outage, actual amount of time that a
plant is taken off line during the year, and the duration of the maintenance period.

Equation 4.1.2.1 defines the SOA factor.



_ scheduled outage

SOA factor=1 .
outage period (4.1.21)

The outage period is the range of time that the scheduled outage could occur in.
Note that by making the outage period equal to the scheduled outage the SOA factor goes
to zero. Thus, if a utility knows exactly when a plant is to be off line it can be reflected
with a forced and scheduled outage capacity of zero. Equation 4.1.2.2 shows the
calculation of the FSOA capacity.

FSOA capacity = SOA factor * FOA capacity (4.1.2.2)

Note that the FSOA capacity is based on the capacity previously adjusted for
forced outages. This adjustment is to account for the possibility of aforced outage during
the maintenance period. Table 4.1.2-1 summarizes the FSOA capacity and the
information required to calculate it for WEPCO. With the seasonal adjusted capacities

calculated, the marginal plant can be found.
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Table4.1.2-1: WEPCO For ced and Scheduled Outage Adjuged Capacity

4.2

I nformation
) Scheduled Outage | Scheduled| Scheduled
Generating Plant Outage Periods Period | Outage | Outage |FSOA Capacity

and Unit (monthiday) [hrs] [wks] [hrs] [MW]
PointBesch 2 31 -51 |(9/20-11/20[ 2928 6 1008 319.7
PointBesch 1 31 -5 |(9/20-11/20[ 2928 6 1008 319.7
Oak Creek 8 31 -5 |(9/20-11/20[ 2928 5 840 214.4
Oak Creek 7 31 -5A |9/20 -11/20[ 2928 5 840 196.7
Oak Creek 6 3 -5/ |9/20 -11/20| 2928 5 840 179.9
Oak Creek 5 31 -5 |9/20-11/20| 2928 5 840 178.6
Port Washington4 | 3/1 -5/ |9/20-11/20| 2928 0 0 76.4
Port Washington3 | 3/1 -5/ |9/20-11/20| 2928 0 0 78.3
Port Washington2 | 3/1 -5/ |9/20-11/20| 2928 0 0 76.4
Port Washington1 | 3/1-5A |9/20-11/20] 2928 0 0 76.4
Valley 4 3 -5/ |9/20-11/20| 2928 0 0 66.9
Valley 3 31 -5 |9/20-11/20| 2928 0 0 67.2
Valley 2 31 -51 |(9/20-11/20[ 2928 8 1334 32.3
Valley 1 31 -5 |(9/20-11/20[ 2928 8 1334 34.0
Pleasant Prairie2 | 3/ -5/ |9/20-11/20| 2928 6 1008 374.6
Pleasant Prairie 1 3 -5A |9/20 -11/20[ 2928 6 1008 374.6
Pregjue Ide 9 3 -5/ |9/20 -11/20| 2928 1 168 78.0
Pregjue Ide 8 31 -5/ |9/20-11/20| 2928 1 168 77.1
Pregjue Ide 7 3A-5/1 |9/20-11/20[ 2928 1 168 75.2
Preqjue 1de 6 31 -5 |(9/20-11/20[ 2928 1 168 78.9
Preque 1de 5 31 -5 |(9/20-11/20[ 2928 1 168 78.0
Pregjue Ide 4 3 -5A |9/20 -11/20[ 2928 1 168 52.9
Pregjue Ide 3 3 -5/ |9/20 -11/20| 2928 1 168 53.9
Pregjue Ide 2 31 -5/ |9/20-11/20| 2928 0 0 37.0
Pregjue Ide 1 3A -5/ |9/20-11/20[ 2928 0 0 25.0
Edgewaer 5 31 -51 |9/20-11/20[ 2928 4 672 71.8
Concord 4 31 -5 |(9/20-11/20[ 2928 0 0 82.2
Conocord 3 3 -5A |9/20 -11/20[ 2928 0 0 82.2
Concord 2 3 -5/ |9/20 -11/20| 2928 0 0 82.2
Concord 1 31 -5 |9/20-11/20| 2928 0 0 82.2
Germantown 4 31 -51 |9/20-11/20[ 2928 0 0 52.5
Germantown 3 31 -51 |9/20-11/20[ 2928 0 0 52.5
Germantown 2 31 -5 |(9/20-11/20[ 2928 0 0 52.5
Germantown 1 3 -5A |9/20 -11/20[ 2928 0 0 52.5
Oak Creek 9 3 -5/ |9/20 -11/20| 2928 0 0 19.8
PointBech5 31 -5 |9/20-11/20| 2928 0 0 19.8
Port Washington6 | 3/1 -5/ |9/20-11/20| 2928 0 0 17.8
3839.9

Least Cost M oddl

37

The marginal plant is found on the premise that the plants are added to the

generating mix on a least cost basis. Utilities may have reason to employ plants on an

ulterior basis. For example, a plant that has poor emission characteristics may be kept



off-line in favor of a more expensive but cleaner plant. However, it is economically
beneficial for a utility to add plants to the mix on aleast cost basis as operating costs are
minimized and higher profit margins are achieved. Although utilities may not
consistently add plants to the generating mix on a least cost basis, it is a generality and a

reasonable assumption.

Given the load at each hour of the year, the adjusted capacity of each plant is
added to the mix on a least cost basis until the load is met. If the hour of the year is
within the maintenance season for a given plant, the FSOA capacity is used as its
effective capacity to meet the load with. Otherwise, it isin the peak season and the FOA
capacity is used as the effective plant capacity for the hour. Table 4.2-1 summarizes the
least cost ordering of the plant mix aong with the rameplate, FOA and FSOA capacities
for WEPCO. Thisisthe order in which the plants are dispatched to meet the load.
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Table4.2-1: WEPCO Least Cost Plant Order and Adjuded Capadties

Generating Plant Operating Cost) Nameplate Cap| FOA Capadty | FSOA Capadty

and Unit [F¥kWh] [MW] [MW] [MW]

1 PointBexch?2 0.0048 497 487.6 319.7
2 PointBexchl 0.0048 497 487.6 319.7
3 Plessant Prairie 2 0.0090 580 571.3 374.6
4 Pleasant Prairie 1 0.0090 580 571.3 374.6
5 Edgewder 5 0.0136 97 93.2 718
6 Oak Creek 8 0.0143 305 300.6 214.4
7 Oak Creek 7 0.0143 280 275.8 196.7
8 Oak Creek 5 0.0148 258 250.5 178.6
9 Oak Cree&k 6 0.0149 260 252.3 179.9
10 Pregjue Ide4 0.0162 57 56.1 52.9
11 Presgue ISe6 0.0163 85 83.7 78.9
12 Pregjue Ide5 0.0163 84 82.7 78
13 Pregjue Idel 0.0165 25 25.0 25
14 Pregjue Ide?2 0.0167 37 37.0 37
15 Pregjue Ide 3 0.0170 538 57.1 53.9
16 Port Washington 2 0.0199 80 76.4 76.4
17 Port Washington 1 0.0203 80 76.4 76.4
18 Valley 2 0.0214 62 59.3 32.3
19 Valley 4 0.0216 70 66.9 66.9
20 Valley 1 0.0224 64 62.5 34
21 Preqque Ide9 0.0227 A 82.7 78
22 Preqjue Ide 8 0.0227 83 81.8 77.1
23 Preqque Ide 7 0.0227 81 79.8 75.2
24 Valley 3 0.0230 70 67.2 67.2
25 Port Weshington 3 0.0237 82 78.3 78.3
26 Port Washington4 0.0267 80 76.4 76.4
27 Concord 4 0.0470 83 82.2 82.2
28 Conocord 3 0.0470 83 82.2 82.2
29 Conocord 2 0.0470 83 82.2 82.2
30 Conocord 1 0.0470 83 82.2 82.2
31 Oak Creek 9 0.0557 20 19.8 19.8
32 Germantown 4 0.0600 53 52.5 525
33 Germantown 3 0.0600 53 52.5 525
34 Germantown 2 0.0600 53 52.5 525
35 Germantown 1 0.0600 53 52.5 52.5
36 PointBeach5 0.0637 20 19.8 19.8
37 Port Washington 6 0.0651 18 17.8 17.8
5138 5035.5 3889.9

4.3 Analysisof Results

The marginal plant is found by adding the appropriate adjusted capacities of the
plants to the generation mix in the order described in table 4.2-1 until the load is met.
Figure 4.3-1 shows the load and adjusted capacities for the peak and maintenance periods

for WEPCO. The maintenance periods are defined as March 1 through May 1 for spring



and September 20 through November 20 for fall. During these times the effective

capacity is lower since plants are taken off line for cleaning and repair.
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Figure4.3-1: WEPCO 1991 Load and Adjusted Capacities

Figure 4.3-2 shows the predicted margina plants for WEPCO using the 1991 load
data. The margina plant number corresponds to the least cost plant order given in table
4.2-1. Taking lower ordered plants off line for maintenance results in relatively higher

ordered marginal plants.
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Figure 4.3-2: Predicted Marginal Plant for WEPCO, 1991

Marginal costs can be higher in the maintenance season than in the peak operating
season. Referring to figure 4.3-1. it can be seen that at times the available reserve margin
is less in the maintenance season than in the peak operating season. The result is that
higher marginal operating costs are predicted by the marginal plant prediction model.
Thisis aredity in utility planning as the higher cost plants must meet the load when less
expensive plants are down for maintenance. Figure 4.3-3 shows the marginal operating

costs predicted with the margina plant model.
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Figure 4.3-3: WEPCO Marginal Operating Costs

At times a utility may not have enough capacity to meet the load. When faced
with such a situation a utility must buy the required capacity from a neighboring utility.
In this analysis, the utility’s highest ordered plant is assumed to be on the margin. It is
the operating cost of this plant that is used as the margina operating cost. This
effectively assumes that the utility can buy the required capacity at this cost. This may

not be entirely areality as the supplying utility will sell the capacity with a profit margin.



However, it is a reasonable assumption for this analysis.

The prediction of the margina plant is not limited to a single utility analysis. By
gathering like information for a group of neighboring utilities or a utility region, a larger
system can be defined. This approach represents a more realistic environment in which
utilities buy and sell energy and capacity from one another. The same methodology
applies as in the single utility analysis. However, the loads of each utility that make up

the system must be combined to give atotal system load.

Figure 4.3-4 shows the load and effective capacities for a utility region consisting
of Wisconsin Electric Power Company (WEPCO), Wisconsin Public Service Corporation
(WPS), Wisconsin Power and Light Company (WPL), Madison Gas and Electric
(MG&E), Northern States Power Company (NSP) and Dairyland Power Cooperative
(DPC). The maintenance periods are defined as March 1 through May 1 for spring and
September 20 through November 20 for fall. Defining a utility region accounts for sales
between utilities. Sales and purchases outside the defined region are not accounted for.
To credit purchases from a utility outside the defined region, the purchase may be added

to the plant data as an effective generating unit.
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Figure 4.3-4: Regional 1991 Load and Adjusted Capacities
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Figure 4.3-5 shows the marginal operating costs for the defined region. The
marginal operating costs are generally lower when considering an interconnected system
rather than an isolated system. The operating costs are not as extreme in the maintenance
periods compared to those seen in the isolated system. The margina operating costs
predicted in the maintenance period for the isolated system are artificially high since
there is no account for purchases from neighboring utilities. The trend of experiencing
higher operating costs at times in the maintenance periods than at times in the peak
season is apparent as in the case of the isolated utility. The regional anaysis gives a
more realistic representation of the marginal operating costs seen by a utility than the

isolated system analysis.
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Figure 4.3-5: Regional Marginal Operating Costs

44 Summary

A model for determining the margina plant is developed in this chapter. The



model is based on the premise that generating plants are added to generation mix on a
least cost of operation basis. The nameplate capacity of each plant is modified to account
for forced outages in the peak load seasons and forced and scheduled outages in
maintenance periods. Generating units are added to the mix until the total effective
capacity meets the load at a given hour. This analysis can, and should, be extended to
encompass a larger system than a single utility. By including the generating capacity and
loads of neighboring utilities in the analysis, a more redlistic environment in which

utilities buy and sell energy and capacity from one another is analyzed.



CHAPTER 5

Quantifying Utility Costs and Benefits

Equations to assess the costs and benefits of an ensemble of solar energy systems
are developed. Some benefits require knowledge of solar system performance and the
margina plant. Solar system performance is evauated to find the hourly demand
displacement of the option at the consumer level. Identifying the margina plant allows
for assessing the economic and environmental impact at the generation level through
plant characteristics of the last plant to be added to the generation mix. Using these two
pieces of information together allows for quantifying energy, emission and demand

reductions and their economic benefit to a utility.

5.1 Assessingthe Costsof a Solar DSM I mplementation

The costs of a solar DSM program include the first cost of purchasing the system
and any operation and maintenance costs required by the systems. These costs are
primarily a function of the number of systems to be installed in the solar DSM program.
Defining the number of systems that are installed in the DSM program requires an
estimation of the percentage of residential customers that will accept the solar program.

The number of solar systems used in the analysis is given in equation 5.1.1.

% accept
- *
Nwstems N customers 100 (5.1.1)

where



Ncustomers = the number of residential customers supplied by the utility

% accept = the percentage of residential customers that will accept the program

The total cost of the systems is given in equation 5.1.2. The cost used in
determining the investment is the installed cost of a single system. The total operation,
maintenance and administration costs are given in equation 5.1.3. An estimation of the
yearly operation and maintenance costs is required. Generaly, there is no cost to the
utility associated with solar system operation since the homeowner pays for the energy
required to operate the solar systems. Other costs that may be considered in the OM&A
term include administrative costs and overhead associated with the program. The

operation, maintenance and administration cost is given on a yearly basis per system

($/systemyr).
Investment = Nggtems * COStgystem (5.1.2)
OM&A = Nggems * Costoma (5.1.3)

5.2 Assessing Energy Reduction and ItsValue

Assessing the value of energy reduction requires knowledge of the total amount of
energy reduction at the generation level. The total energy reduction at the generation
level is found with the average system performance information, the number of installed
systems in the solar DSM program and the transmission and distribution losses. The
system performance is found at the consumer level and passed back through the

distribution and transmission systems to the generation level.

Electricity generated by a power plant is passed through transmission and

distribution systems before it reaches the consumer. The transmission system supplies a



Quantifying Utility Costs and Benefits 47
group of distribution systems which in turn supply the customer. Figure 5.2-1 depicts a
simple representation of the system as a whole. Power losses are experienced as the
electricity makes its way through these systems to the consumer. These power |osses are
typically given as percentages of the total power coming into the system. For example,
the power loss in transmission might be 3% of the power supplied by the generation
units. Generation units must supply a greater amount of power than is demanded at the
consumer level to overcome these losses. Demand met with solar systems at the
consumer level therefore has a greater impact at the generation level in terms of avoided

supply since these losses do not have to be met.

I:)I ossdist PIoss,Ir ans

} }

Distribution Trangmission

Pret generdion H
P

~®—| Power Plant

Figure5.2-1: Electric System Representation

Solar energy systems supply energy at the consumer level. SDHW systems
supply energy in the form of hot water whereas PV systems supply energy in the form of
electricity. The models developed in Chapter 3 are used to assess system performance.
SDHW system performance is defined as the demand of a conventional EDHW system
minus the demand of the SDHW system. PV system performance is assessed by the grid-
connected electricity generation. In both cases the result is a reduction in demand that is

required to be supplied by the generating plants to the consumer.

To assess the reduction in electricity that needs to be generated by the power
plants, the hourly system performance, as previousy defined, is scaled by the number of

installed solar systems and passed back through the distribution and transmission system.



Equation 5.2.1 defines the reduction in power generation requirements. By summing the

hourly reduction values over the year, the energy reduction is obtained (equation 5.2.2).

Nsystems * Psystem
(1-Lossgistribution) * (1-LOSStransmission)  (5.2.1)

Preduction, generation=

where;

b B PEDHW - PSDHW for an SDHW %/Stefn
system =

Ppy for aPV system
Lossyistribution = the fraction of power lost in the distribution system

LOSSransmission = the fraction of power lost in the distribution system

8760

Ereduction, generation= ®  Preduction, generation Dt
i=1 (5.2.2)

where;

Dt =1 hour

With methodologies to obtain the amount of avoided power production at the
generation level and the marginal plant at each hour of the year, the total savings at the
generation level can be assessed in terms of dollars. A TRNSY S file reads in the system
demands generated with the solar energy and conventional system models and calculates
the impact of system performance at the generation level, as discussed, on an hourly
basis. The operating cost of the marginal plant is used to assess the savings in terms of
dollars. Equation 5.2.3 calculates the hourly dollar savings. These savings are then

summed over the year to give the annual energy savings (equation 5.2.4).
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Energy Savings generation, hour = Preduction, generation® Operating Cost margin

(5.2.3)
8760
Energy Savings generation= ®  Energy Savings generation, hour Dt
hour =1
where:
Dt = 1 hour
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(5.2.4)



In order to quantify avoided emissions, emission characteristics of each plant in

the mix are required. Emissions for which data are available include CO,, SO,, NOy,
N0, total suspended particulates and CH,. Other emissions that may be considered are
mercury (heavy metals) and nuclear wastes. Table 5.3-1 lists the emission rates for
WEPCO generating plants. The data for CO,, SO, NOy, N,O, total suspended
particulates and CH,4 are given in terms of lbm/MWh and are taken from Impact on a
Utility of an Ensemble of Solar Domestic Hot Water Systems (Cragan, 1994). These
values can be derived from emission and heat rate information available in Advance Plan
7, Technical Support Document D24: Power Supply (Public Service Commission of
Wisconsin, 1994).
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Table5.3-1: WEPCO Emission Rate Data
Nudear
Genegating Hant| CO» 0, NOy N,O Parts CHs |m eaury | Wate
and Unit [lbm/MWh] | [IbmyMWH] | [IbmMWh] | [Ibrv MWh] | [Ibm/MWH] | [l by MW H] {[l br MWH] | [| bry MW h]
Point Beach2 0 0.00 0.00 0.0000 0000 | 0.000 NA NA
Point Beach 1 0 0.00 0.00 0.0000 0000 | 0.000 NA NA
Oak Creek 8 1868 7.60 2.56 0.0165 0.183 | 0.010 NA NA
Oak Creek 7 1868 7.60 2.56 0.0165 0.183 | 0.010 NA NA
Oak Creek 6 1907 7.76 2.62 0.0168 0.187 | 0.010 NA NA
Oak Creek 5 1904 7.75 2.61 0.0168 0187 | 0.010 NA NA
Port Washington4 | 2492 26.84 4,31 0.0180 0479 | 0.191 NA NA
Port Washington3 | 2155 32.20 3.73 0.0155 0414 | 0.165 NA NA
Port Washington2 | 2167 23.34 3.75 0.0156 0417 | 0.166 NA NA
Port Washington1 | 2237 24.09 3.87 0.0161 0430 | 0.171 NA NA
Valley 4 2436 26.58 5.86 0.0222 0586 | 0.013 NA NA
Valley 3 2436 26.58 5.86 0.0222 0586 | 0.013 NA NA
Valley 2 2436 26.58 5.86 0.0222 0586 | 0.013 NA NA
Valley 1 2557 27.91 6.15 0.0234 0615 | 0.014 NA NA
Pleasant Prarie2 | 2313 8.11 4,32 0.0184 0.108 | 0.014 NA NA
Pleasant Prarie 1 | 2313 8.11 4,32 0.0184 0.108 | 0.014 NA NA
Preqquel de9 2392 12.54 8.05 0.0173 0230 | 0.014 NA NA
Prequel de 8 2392 12.53 8.05 0.0172 0230 | 0.014 NA NA
Presquel de 7 2392 12.53 8.05 0.0172 0230 | 0.014 NA NA
Presque | de 6 2237 16.54 8.90 0.0159 0424 | 0.012 NA NA
Preqquel de 5 2238 16.55 8.91 0.0159 0318 | 0.012 NA NA
Prequel de 4 2250 16.63 6.50 0.0160 0426 | 0.012 NA NA
Prequel de 3 2250 16.63 6.50 0.0160 0320 | 0.012 NA NA
Presque | de 2 3028 22.39 | 12.05 0.0215 1292 | 0.016 NA NA
Preqquelde 1 3381 19.23 | 13.46 0.0240 0321 | 0.018 NA NA
Edgewater 5 0 0.00 0.00 0.0000 0000 | 0.000 NA NA
Concord4 1609 0.00 1.16 0.1803 0000 | 0.004 NA NA
Concord 3 1609 0.00 1.16 0.1803 0000 | 0.004 NA NA
Concord 2 1609 0.00 1.16 0.1803 0000 | 0.004 NA NA
Conoord 1 1609 0.00 1.16 0.1803 0000 | 0.004 NA NA
Germantown 4 3296 41.60 | 13.60 0.1600 0800 0.000 NA NA
Germantown 3 329% 41.60 | 13.60 0.1600 0800 | 0.000 NA NA
Germantown 2 329% 41.60 | 13.60 0.1600 0800 | 0.000 NA NA
Germantown 1 329% 41.60 | 13.60 0.1600 0800 | 0.000 NA NA
Oak Creek 9 329% 41.60 | 13.60 0.1600 0800 | 0.000 NA NA
Point Beach5 3296 41.60 | 13.60 0.1600 0800 | 0.000 NA NA
Port Washington6 | 3296 41.60 | 13.60 0.1600 0800 | 0.000 NA NA

Total avoided emissions are directly related to the energy reduction at the
generation level and the marginal plant. To quantify emission reductions, the hourly
energy reduction is calculated as discussed in section 5.3. The hourly energy reduction is
essentially the same as the hourly demand reduction since the calculations are performed
on an hourly basis (Prequction,generation [IMW] * 1 [r] = Erequction,hour,generation [MWHI).

The term Requction, generation Will be used to refer to hourly energy reduction in this

section. The hourly energy reduction is multiplied by the marginal emission rate of a



given emission to give the hourly emission reduction (in lbm). The margina emission
rate is found by predicting the marginal plant at the hour as discussed in section 4.3.

Equation 5.3.1 shows the calculation for the hourly reduction of a given emission. In this
equation the term Emission is used generically to represent the calculation for any given

emission (CO,, SO,, etc.). The annual emission reduction is found by summing the

hourly emission reduction over the year as shown in equation 5.3.2.

1000

Emission Reduction nhour = Preduction, generation

(5.3.1)

8760
Emisson Reduction year= ®  Emission Reduction nour Dt
hour =1 (5.3.2)
where:

Dt = 1 hour

The value of reducing an emission will vary among utilities. In some areas
utilities must buy credits to emit a certain pollutant. This purchase is a real cost to a
utility and thus, reducing emissions has value. Other value that may be placed on
avoided emissions might include the cost of equipment that would be needed to handle
the emission such as scrubbers or baghouses. In any case the value of reducing the
emission must be given in terms of current $/Ibm, not in terms of present worth or
levelized dollars. Equation 5.3.3 shows the calculation for assessing the savings
associated with reducing emissions. The total yearly savings to the utility due to
emission reduction is the sum of all of the individual yearly emission savings (equation

5.3.4).

Emisson Savings= Emisson Reductior year* Emission Cost (5.3.3)
where

Emission Cost = Vaue to the utility of reducing the emission [$/1bm]
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# emissions

Totd Emisson Savings = ° Emisson Savings |
i=1 (534)

54 Assessing Demand Reduction and ItsValue

The value of reducing demand is identified in three areas. Demand reduction has
value at the generation level as it reduces capacity and reserve requirements. Demand
reduction is also beneficia to the transmission and distribution systems since it lessens
their capacity requirements. The awoided costs of meeting the capacity needs has value

to generation, transmission and distribution systems.

Demand reduction can be assessed using a pesk load hour method or the capacity
contribution index (CCl) method. The former method assesses demand reduction as the
avoided generation at a single peak load hour or as the average demand reduction for a
specified number of hours with highest loads. The CClI method assesses demand
contributions over the entire year, weighted by the marginal expected unserved energy
(EUE). The methodologies for assessing demand reduction and its value to a utility of

both approaches are developed in the following sections.

541 Peak Load Hour Method

The peak load hour method assesses the average demand reduction at a specified
number of peak load hours. The first step in this approach is to identify the peak loads
and the hours at which they occur. Figure 5.4.1-1 shows the twenty highest loads
experienced by WEPCO in 1991 and the hours at which they occur. The solar energy

system demand reductions at these hours are then identified to assess demand



contributions to the generation, transmission and distribution systems.
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Figure5.4.1-1: Peak Loads and Time of Occurrence. WEPCO, 1991

To quantify the reduction in capacity requirements, the solar energy system
performance, as defined in section 5.2, is used. Generation utilities must have enough
capacity to meet the load, overcome transmission and distribution losses and maintain a
certain reserve margin to provide a desired level of reliability. Equation 5.4.1.1 gives the
average reduction in capacity requirements for an electric generation utility due to an
ensemble of solar systems.

Npeak hours
Nsystems , =

Npeak hours _—
(1-Lossgistribuiton) * (1-LOSStransmission)

Pwstem, peak hour

CapaCityreduction, generation™ * (1 + reserve margin)

(5.4.1.1)
where;

Moeak hours = the number of peak load hours investigated

Psystem, peak hour; = the solar system performance at the peak load hour

reserve margin = the fractional reserve margin of the generation utility
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Capacity requirement reductions for the transmission and distribution systems are
found in a similar manner. The transmission system must have enough capacity to
supply the load and overcome transmission and distribution losses. However, in typical
cost analysis of transmission systems, costs are given in terms of the demand that must be
supplied to the distribution systems. Thus, only the distribution losses impact the
capacity reduction calculation. Equation 5.4.1.2 gives the average capacity reduction
requirement for the transmission system due to an exssemble of solar systems. The
distribution system needs sufficient capacity to supply the load and overcome the
distribution losses. Similar to the transmission system though, a distribution system cost
analysis is defined in terms of demand that must be supplied to the consumer. The
capacity reduction is thus given in terms of demand reduction at the consumer level.

Equation 5.4.1.3 gives the average capacity reduction requirement for a distribution

system.
N Npeak hours
systems

Npeak hours " N Psystem, peak houy

CapaCityreduction, transmission = 1=1
’ (1-Lossgistribuiton)
(5.4.1.2)
N Npeak hours
: stems
Capacityreduction, distribution= —YSATS 4 i Psystem, peak hour,
Npeak hours _—

(5.4.1.3)

With the reduction in capacity requirements found for the generation,
transmission and distribution systems, a value can be placed on the reductions. The value
of reducing capacity requirements at the generation level is based relative to the cost per
kW of meeting the capacity needs with a conventional option. A combustion turbine is

commonly used to supply peak loads due to its low initial cost relative to a coa or



nuclear power plant. Equation 5.4.1.4 gives the value of reducing capacity requirements

to a generation utility.

Demand Savings generation= CapaCityreduction, generation™ COStconventional option  (5.4.1.4)

where;

CoSteonventional option = the present worth cost of a conventional option [$/kW]

The value to transmission and distribution systems due to demand reductions are
found in a ssimilar manner. The cost used in assessing the value of reducing capacity
requirements is the cost per kW of adding sufficient facilities and equipment to supply
the demand. In the case of the transmission system, the demand is that which is supplied
to the distribution system. In the case of the distribution system, the demand is that
which is supplied to the consumer. The cost is given in present worth dollars per kW.
Equations 5.4.1.5 and 5.4.1.6 give vaue of reducing capacity requirements to
transmission and distribution systems respectively. Equation 5.4.1.7 gives the value of

the total demand savings due to an ensemble of solar energy systems.

Demand Savings transmission = Capacity reduction, transmission * COStadding capacity  (5.4.1.5)

Demand Savings distribution = Capacityreduction, distribution * COStadding capacity (5.4.1.6)

Demand Value = Demand SavingSyeneration + DemMand SavingSiransmission

+ Demand Savi NASyistribution (5417)

A capacity reduction ratio (CRR) is defined as the ratio of system performance to
optimal performance. The optima performance is defined as the maximum possible
system performance. For an SDHW system, the optimal system performance is the

maximum average EDHW system demand. For a PV system, the optimal performanceis
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defined as the maximum generation provided by the system. This ratio is calculated at
the peak load hours and averaged. The CRR Equation 5.4.1.8 gives the CRR for a solar
resource. The CRR attempts to estimate the capacity contribution index of the solar

option, as discussed in the following section.

Npeak hours P
CRR = 1 . system, peak hour;

Npeak hours ;4 Poptimal (5.4.1.8)

54.2 Capacity Contribution Index M ethod

The Capacity Contribution Index (CCl) method of assessing the value of demand
reduction compares the contribution to system reliability of a supply-side or demand-side
resource to that of a conventional resource (Harsevoort and Arny, 1994). Capacity
contributions normalized to the maximum possible (optimal) capacity of the resource are
weighted by the margina expected unserved energy (EUE) on an hourly basis. The
marginal BJE is a measure of system stress at each hour. The marginal EUE considers
full and partia forced outages of the generation units. Hours with higher margina EUE
values indicate times of greater stress compared to hours with lower margind EUE
values. Capacity contributions at hours with higher EUE values have greater significance
to improving system reliability than capacity contributions at hours with lower marginal
EUE values. The margina EUE values are calculated on a regional basis. The sum of

the hourly marginal EUE valuesis equal to unity (Harsevoort and Arny, 1994).

Figure 5.4.2-1 shows the marginal EUE values for the utility region containing
WEPCO. The region is made up of interconnected generating facilities in Wisconsin,
lllinois, lowa, Minnesota, Nebraska, North Dakota, South Dakota and Manitoba



(Harsevoort and Arny, 1994). Hours not shown in the figure have margina EUE values

of zero. Margina EUE values of zero indicate times of excess capacity.
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Figure5.4.2-1: Regional Marginal EUE Values

The first step in assessing the CCI of a solar energy resource is to define an
optimal system performance to normalize the hourly system performance. For an
analysis of an ensemble of SDHW systems, the optimal system performance is defined as
the maximum average demand of an ensemble of EDHW system. For an anaysis of an
ensemble of PV systems, the optimal system performance is defined as the maximum
average generation of the PV ensemble. The optimal system performance is a measure of
the maximum possible performance of the system. Normalizing the system performance
to a optimal system performance provides a basis for calculating the hourly CCI values

for solar options.

The marginal CCl values of the solar energy resource are calculated on an hourly
basis. The normalized system performance is weighted by the marginal EUE of the
electric generation region. This weighting of system performance credits capacity
contributions of the solar energy resource at times of higher system stress than

contributions at times of lower system stress. Equation 5.4.2.1 gives the margina CCI
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for asolar resource.

P
ﬂ * EUEmargina
Poptimal (5.4.2.1)

CClglar, margina =

The sum of the marginal CCl values over the entire year gives the CCl of the
solar resource (equation 5.4.2.2). The CCI of the resource given in equation 5.4.2.2
indicates the contribution to system reliability of the resource. As defined, the CCI will
range between 0 and 1. If the resource provides its optimal capacity at each hour, its CCI
will be unity since the marginal EUE values add to unity. When the resource provides
less than its optimal capacity at times throughout the year, its CCl will be less than 1.

8760

CClsolar= ® CClsolar, marginal ;
i=1 (5.4.2.2)

The CCI of the solar resource is used to compare its contribution to system
reliability versus that of a conventional option that would contribute the same amount of
optimal capacity. Relative reliability improvements are assessed for generation,
transmission and distribution systems. The same considerations are used in calculating
the capacity reductions for each system as described in section 5.4.1. Equations 5.4.2.3,
54.24 and 54.25 give the capacity reduction requirements for the generation,
transmission and distribution systems respectively. The value assessed through these
equations is the equivalent kW of a conventional option provided by the solar system.
For example if the conventional option used for comparison is a combustion turbine, the
equations give the amount of equivalent combustion turbine capacity that is displaced

with the solar resource.

Capacityreduction, generation=



CClgglar  « Pogima XNeysgerms * 1 + reserve margin
CClconventional opim Sysiems (1-Lossgistribution) * (1-L0SStransmission)
(5.4.2.3)

CClsolar  « Poptimal XNsystems
CClconventional  1-LOSSdistribution (5.4.2.49)

Capacityreduction, transmission =

Capacityreduction, distribution= CC|S°|a.r * Poptimal XN systems
CClconventional (54.2.5)

The CCI method allows for placing value on demand reduction in terms of the
cost of a conventional reference option. The capacity displacements, given in terms of
kW, reflect the amount of capacity reduction of an ensemble of solar energy systems.
The cost used to quantify the demand savings to the generation utility is the cost of the
reference option per kW since the reference option is the resource being displace. The
cost is given in terms of present worth $/kW. The cost used to quantify demand savings
to the transmission and distribution systems is the marginal cost of supplying akW. The
cost used for placing value on demand reduction to a transmission system is that of
adding sufficient facilities to supply an added kW to the distribution system, given in
present worth $/kW. The cost used to quantifying demand savings to a distribution
system is that of adding the necessary facilities to supply an added kW to the consumer.
Equations 5.4.2.6, 54.2.7 and 54.2.8 give the value of demand reduction to the
generation, transmission and distribution systems respectively. Equation 5.4.2.9 gives

the value of the total demand savings due to an ensemble of solar energy systems

Demand Savings generation= CapaCityreduction, generation® COStconventional option (5.4.2.6)
Demand Savings transmission = Capacity reduction, transmission * COStadding capacity (5.4.2.7)

Demand Savings distribution = Capacity reduction, distribution * COStadding capacity (5.4.2.8)
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Demand Vaue = Demand Sal\/ings.genelranon + Demand SavingSansmission

+ Demand Savingsyisiribution  (5:4.2.9)

55 Assessing the Value of Other Benefits

Identifying other benefits of a large scale implementation of solar energy systems
isdiscussed in section 2.2. Other benefits identified are government incentives, customer
retention and delayed power plant construction. This section assesses the value of these

benefits.

Government incentives are often offered for investment in renewable resources.
For example, a tax credit may be given towards the initia investment. Equation 5.5.1
gives the total value of a tax credit towards the investment in solar energy systems. The
credit given by the government is on the order of 10 percent of the investment. The
government may also offer a subsidy for energy produced by a renewable resource.
Equation 5.5.2 gives the total value of the energy subsidy. Typical government subsidies
are on the order of 0.01 - 0.02 $/kWh.

. % government credit
T = Investment *
ax Credit = Investm 100 (55.1)
Subsidy = Eyequction,generation * government subsidy (552

A solar DSM program may increase the market of an electric utility through
customer retention or capturing new markets. Customer retention is defined as the
difference in the number of customers lost to an aternative fuel without the solar

program and those which are lost with the program. Equation 5.5.3 can be used to place



value on customer retention if it is believed that there is value in retaining electric
customers. The number of customers lost with and without the program is estimated as a

percentage of the total residential customers (L0SSyith program and LOSSyy/q program)- If the

solar program brings in new customers the percentage of customers lost with the program

is negative. The value of retaining a single customer (Vau€gtention) 1S 9iven in terms of
present worth dollars per customer.

« [LOSSw/o program - LOSSwith program

Retention Vaue = Ncustomers 100

!) * Véueretention

(5.5.3)

The value of delaying power plant construction is given in equation 5.5.4. This
term may be used to account for value beyond the direct economic savings due to
deferred capacity requirements. For ssimplicity, the demand reduction at the peak load

hour is used as an effective capacity reduction. The value of delaying power plant

construction (Vaueggay) is given in terms of present worth dollars per peak load kW

($/peak kW).
Delay Value = CapacCityreduction, generation, peak hour * V&l UEgelay (5.5.4)
56 Summary

Equations to quantify costs and benefits of a large scale implementation of solar
energy systems are developed in this chapter. The value of energy and emission
reductions are impacted by the margina plant. The margina plant defines the operating
costs seen by the utility and the emission characteristics of the last plant added to the
generation mix. Demand reduction is assessed with the peak load hour and capacity
contribution index methods. The peak load hour method assesses average demand

reduction at a specified number of peak load hours. The CCl method assesses demand
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reduction in terms of a conventional reference resource. Equations are developed to
assess the values of other benefits including government incentives, customer retention

and delayed power plant construction.



CHAPTER 6

Economic Analysis

An economic model is developed to evaluate the cost of serving customer electric
needs with solar energy systems relative to conventional methods. A method for
assessing the value of the costs and benefits of the solar energy system is discussed in
chapter 5. The economic model developed calculates the present worth of the life cycle
savings (LCS), levelized savings and rate of return (ROR) of a solar energy resource

option relative to a conventional resources.

6.1 Present Worth of Life Cycle Savings

The preliminary step in performing an economic analysis of a solar DSM is to
define the necessary economic parameters. The required economic parameters to be used
in the analysis are the appropriate inflation rate (inf), discount rate (dis) and economic
life of the solar energy system (N ire). The time and frequency of occurrence of the cash
flows associated with the costs and benefits and other economic considerations of the
option must be identified to determine the present worth of the life cycle savings of a
solar energy resource. Other economic considerations identified are the depreciation of
the solar equipment and the downpayments and lease payments made by the customer.

Figure 6.1-1 shows graphical representation of the economic model with a time series

63



representation of the considered cash flows. The terms A, B, C and D represent
combined cash flows of the costs and benefits from a solar DSM program.

Given: inf & dis
A

‘ B .C

B C
*D e o o m*D [ ] [ ] [ ]
0 1
< Ndepreciation

< Niife >|

Figure6.1-1: The Economic Model

B C

The cash flows are categorized by their occurrence and how they are handled in the economic
calculation. Equation 6.1.1 gives the present worth of the life cycle savings of a solar energy option

relative to a conventional option.

LCSpy = A + B*PWF(N|je.inf,dis) + C* PWF(N|je,0,dis)
+ D*PWF(N depreciation,o,diS) (6.1.2)
where:
A =-Investment + Tax Credit + Demand Value + Delay Vaue + Retention Vaue
+ Downpayments
B = Energy Savings + Total Emission Savings + Subsidy - OM& A
C = Lease Payments (monthly |ease payment *12)
D = Depreciation
inf = inflation rate

dis = discount rate

N,ite = economic life of solar energy system

N depreciation = Number of years of equipment depreciation schedule
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The parameters that make up the A term in equation 6.1.1 are credited for a time
zero. The investment and associated government tax credit and customer downpayments
are assumed to occur immediately. The value of demand is given as the cost in present
dollars of an option that would supply an equivalent amount of demand that is provided
by the solar energy systems. A common example of such an option is a combustion
turbine. Similarly, delaying the construction of new facilities is credited for in present
worth dollars. This term accounts for any additional value of demand reduction beyond
capacity contributions such as the ability to invest money that would be needed to pay for
the new facilities. Customer retention is also credited for at time zero in terms of present

worth dollars.

The series of benefits that make up the B term in equation 6.1.1 are brought back

to present time with the present worth factor (equation 6.1.2) using the parameters Njjte,

inf and dis (Duffie and Beckman, 1991). The present worth factor term is represented in

equation 6.1.1 as PWF(Nje.inf,dis). The terms in this series of benefits are assumed to

inflate over the life of the option.

)= L s q (LN
PWF(N,i,d) = @ [1-(%’ ] .
)= N
PWFN.1.S) (i+1) ifi=d (6.1.2)

The series of lease payments (term C) are brought back to present value using the
present worth factor PWF(N|ife,0,dis). The economic calculation is simplified by
assuming that the utility sees an annua lease payment rather than monthly payments. It
is assumed that the customer will pay the same monthly payment over the life of the

program. That is, the lease payment does not inflate.
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The solar energy equipment is depreciable if the utility retains ownership of it.
The equipment may be depreciated over a separate life span (N gepreciation): Straight line
depreciation is assumed for model smplicity. As with the lease payments, the
depreciation is not inflated. Equation 6.2.3 gives the calculation for the present worth of
the solar energy systems.
Depreciationpy = —,'\I”(;’e?ergjgton A BIACKEL « PWF(N gpreciationO.lis) 623

where:

tax bracket = the tax bracket of the utility [%]

6.2 Leveized Life Cycle Savings

With the present worth of the life cycle savings calculated, the levelized savings
of the option can be found using equation 6.2.1. The levelized savings of an option is the
uniform series of payments that the utility would see over the life of the option. In other
words, it is the uniform series of income with no inflation that equals the present worth of
the life cycle savings.

_ LCSpy
LCS, avelized =
velized ™ BWF(Njife,0,d) (6:2.1)

6.3 Rateof Return of an Option

The rate of return (ROR) is the discount rate that makes the present worth of the
life cycle savings equal to zero (equation 6.3.1). Due to the complexity of the PWF

equation, it is difficult to explicitly solve equation 6.3.1 for the rate of return. A
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numerical method is used to solve the rate of return.

0= A + B*PWF(N|ifeinf,ROR) + C* PWF(N|ite,0,ROR)
+ D*PWF(N gepreciation:O:ROR) (6.3.1)

The rate of return is found using Newton's method. Figure 6.3-1 displays the
process graphically. The present worth of the option is found with the discount rate used

by the utility. This calculation gives point A in figure 6.3-1. The derivative of the
LCSp,y curve with respect to the discount rate, as at point A, is given by equation 6.3.2.

dLCSpw _ g« ZPWF(Njife,inf.d) , ~«ZPWF(Niite,0.d) , . ZPWF(Ndepreciation0.d)
dd zd Zd zd

(6.32)

The partial derivative of the present worth factor with respect to the discount rate
ZPWF(N,i,d)

( zd ) is given by equation 6.3.3.

ZPWF(Nid) _ N *(1+i)N_F’\NF(N,i,d)

Zd (1+d) 1+ (d-) ifi ¥ d
ZPWF(N.id) _ _N
zd (1+d)2 ifi=d (6.3.3)

A new discount rate (d"eW) is found by equating the derivative evaluated at point A to the

slope of the line computed with point A and a present worth of zero.

dLCSpw _ 0-LCSpw
dd ghew _ qold

Rearranging the equation becomes equation 6.3.4.
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dnew = -LCSpw + dold
dLCSpy/dd (6.3.4)

This new discount rate is used to re-evaluate the present worth (point B in figure 6.3-1)
and the process is repeated. A tolerance is placed on the present worth. Once the
evaluation of the present worth is less than the tolerance, the iteration is stopped and the

last value of dNeW js the rate of return (point N in figure 6.3-1).

LCSpy

dis ROR

Figure6.3-1: Graphical Representation of ROR Calculation Process

64 Summary

An economic model is developed to assess the savings of a solar energy DSM
program. An equation that calculates the life cycle savings of the cost of serving the
customer with solar energy systems relative to an entirely central generation option is
developed. The economic model accounts for the costs and benefits discussed in chapter
5 as well as customer payments towards the systems and equipment depreciation. An
eguation to caculate the levelized life cycle savings and a method b find the rate of

return are devel oped.



CHAPTER 7

Case Study

The software package EUSESIA, An Electric Utility Solar Energy System Impact
Analysis (Trzesniewski et a., 1995) is used in a case study. EUSESIA employs the
models and equations developed to this point to automate the analysis of the impact of an
ensemble of solar energy systems on an electric utility. EUSESIA is broken down into
three general areas of analysis. solar energy and conventional system analysis, marginal

plant analysis and economic and environmental impact analysis.

A group of subprograms predicts the electric demands of solar and electric
domestic hot water systems and the electric generation of a photovoltaic system. These
system performances are calculated on an hourly basis for an entire year. Generic system
parameters are supplied, but the user can modify the system parameters. With expertise
in TRNSYS, specific solar systems that are being considered in demand-side

management programs can be simulated and added to the EUSESIA analysis.

A second subprogram determines the marginal utility plant on an hourly basis given specific plant
data and hourly load. The marginal plant is found on aleast cost basis. The user has the ability to input
datafor their plant mix or regional plant data that includes neighboring utilities. The latter resultsin amore
realistic analysis as it better represents a real market in which utilities buy and sell energy and capacity

from their neighbors.

Finally, an economic and environmental impact analysis program performs calculations using
information about system performance and about the marginal plant. Energy, emission and demand

70
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reductions are quantified in terms of both physical quantities and dollars. These savings are used with the

other economic benefits previously discussed to calculate the life cycle savings of the option.

7.1 Solar Energy System Performance

A one tank SDHW and a PV system are simulated to assess system performance.
The default SDHW system parameters used in the simulation are summarized in table
3.1.1.2-1. The SDHW system performance is based relative to an EDHW system with
default system parameters as those summarized in table 3.1.1.1-1. The default PV system
parameters used in the simulation are summarized in table 3.2-2. The PV panel
parameters used in the simulation are those of the Advanced Photovoltaic Systems Inc.
EP-50 (table 3.2-1). The solar systems are simulated using 1991 weather data for

Milwaukee, Wisconsin.

Figure 7.1-1 shows the average hourly demands of SDHW and EDHW systems
with the default system parameters. The average system performance of the SDHW
system is defined as the difference between the EDHW and SDHW demands. Figure 7.1-
2 shows the average power generation of the default PV system. These system

performances are used later for assessing the impact at the generation level.
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Figure 7.1-1: SDHW and EDHW System Demands
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Figure 7.1-2: PV System Generation

Monthly system performance is assessed to show reductions in customer
electricity use. The average demand reductions of the SDHW system and the average
generation of the PV system are integrated monthly. Figure 7.1-3 shows the difference in
monthly average customer electricity consumption for hot water heating between SDHW
and EDHW systems. Figure 7.1-4 depicts the monthly average reduction in electricity
consumption for a household with a PV system. Although the PV system generation is

assumed to be connected to the grid, the electrical generation could be used by the
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household. The use of the generated electricity would result in a reduction in the use of

utility generated electricity.

Energy Reduction [kWh]

o

J FMAMJ J A S OND
month

Figure 7.1-3: Average SDHW System Energy Use Reduction

Energy Reduction [kWh]
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month

Figure7.1-4: Average PV System Energy Use Reduction

Consumer electric bill savings are quantified with the energy reductions from the



serve margin
[%]

systems and electric rate information. A summer rate of $0.0745/kWh for the months
June though September and a winter rate of $0.064/kWh for the remaining months are
used as typical energy costs to a residential electric customer. Using the summer and
winter rates and the energy reductions previously found, the annual energy savings are

found to be $211 for the SDHW system and $17 for the PV system.

7.2 Demand Method Comparison

The peak load hour and CCI methods of assessing demand reduction discussed in
section 5.4 are compared. The demand methods are used to calculate the capacity
contributions of the SDHW system. The demand calculations using the peak load hour
are performed on a regional basis using the interconnected system load discussed in
section 4.3. The CCI method is aso performed on aregiona basis as the margina EUE
values are calculated on a regional basis. Tables 7.2-1 and 7.2-2 show the demand
reduction parameters used in the peak load hour and CCl methods of assessing demand

respectively.

8/6/2002Table 7.2-1: Peak Load Hour M ethod Demand Reduction Parameters

st of conventional option per kW

5 [$kw]

st of adding kW of transmission capacity

) [$kw]

st of adding kW of distribution capacity

) [$kw]

imber of peak hours to evaluate

serve margin
[%]
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8/6/2002Table 7.2-2: CCIl Method Demand Reduction Parameters

st of conventional option per KW
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5 [$/kW]
st of adding kW of transmission capacity
) [$/kW]
st of adding kW of distribution capacity
J [$/kW]

’I of conventional option
2

75

A typical reserve margin of 15% is used in both methods. The cost of the
conventional option is given in present worth dollars per kW. This cost is representative
of a combustion turbine as this is a common generation resource used to meet demand in
times of high system stress. The CCI value of the combustion turbine is taken from A
Method for Comparing the Contribution of Supply-Sde and Demand-Sde Resources to
Customer Reliability (Harsevoort and Arny, 1994). The costs of adding an additional kW

of transmission and distribution capacity are given in present worth dollars per kW.

The demand analysis is performed for 5000 solar energy systems. Table 7.2-3
shows the assessment of demand reduction given by the peak load hour and CCI

methods. The demand savings are reported at the end of the first year.

8/6/2002Table 7.2-3: Peak Load Hour and CCI Method Demand Assessments
Method
Peak Load Hour
CCl
Capacity Contribution [kW]
3490
3529
tal Demand Savings
$119,800
$121,200
75
The peak load hour method and CCl method give nearly the same results in assessing capacity
sontribution and demand savings. The CCl method is a more rigorous method than the peak load hour method. The CCl
method is chosen as the method of demand assessment to be used in further analysis. Marginal EUE data may not be
available in all areas, so the CCl method cannot be used. The peak load hour method will provide adequate demand



assessment in such a case.

7.3 Isolated System VersusInterconnected System Analysis

The energy and emission savings of an ensemble of solar energy systems is
directly related to the marginal plant at each hour of the year. What may not be as
obvious is that the magnitude of the impact is affected by the defined system under
investigation. Section 4.3 discusses the margina plant predictions for WEPCO as an
isolated system and an interconnected system. Energy and emission reductions and the
resulting savings from an ensemble of 5000 SDHW systems are calculated for the
isolated and interconnected systems. Tables 7.3-1 and 7.3-2 show the energy and

emission impacts on an isolated and interconnected system respectively.

8/6/2002Table 7.3-1: Energy and Emission Impactson an I solated System

Energy Reduction [kWh]
Energy Savings [$]

16,090,000
323,200

Emission Reduction [lbm]
Emission Savings [9$]
CO,
33,600,000
0
SO,

210,600
4,212
NOy
72,550
0
N>O
565
0
Particul ates
4,688
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0
CHy
533
0
77

8/6/2002T able 7.3-2: Energy and Emission Impacts on an I nterconnected System

Energy Reduction [kWh]
Energy Savings [9]

16,090,000
261,300

Emission Reduction [lbm]
Emission Savings [$]
CO,
18,860,000
0
SO,

139,700
2,793
NOx
92,770
0
N->O
298
0
Particul ates
7,961
0
CHy
184
0
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Energy reduction is the same for both cases as t is dependent on the system
performance and transmission and distribution losses and not on the margina plant. The

savings due to energy reduction is greater for the isolated system than for the



interconnected system because purchases between utilities are neglected. Plants with
higher marginal costs than necessary are being dispatched to meet the load. Artificialy
high marginal operating costs are especially apparent in the maintenance periods as

shown in section 4.3.

In general, the emission reductions are greater in the isolated system than in the
interconnected system because, in the isolated system, plants with higher emission rates
are forced to be on sooner than would be required in the interconnected system. In the
interconnected system, a greater supply of nuclear plants and cleaner coa plants are
available for dispatich. These plants generally have lower operating costs and are
therefore added to the generating mix before the higher cost plants with poor emission

characteristics. SO, is the only emission for which credit is taken in this analysis. SO, is

valued for at $0.02/Ibm.

The magnitude of the energy and emission impact is affected by the system under
investigation. The interconnected utility system represents a more realistic environment
in which utilities buy and sell energy. The interconnected system analysis will be used in

further analysis.

7.4 Utility Impact Results

The impact of an ensemble of SDHW systems is assessed for WEPCO. The
analysis is performed on a regioral basis and is based on 5000 SDHW systems. Figure
7.4-1 depicts the EUSESIA input file which shows the specific parameters used in the

analysis.
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C \EUSESIA\UTILITY. TRD =
Bectric Wility Solar Energy System|npact Analysis:
O
Econonic and Environnental Benefits froma Large Scal e
I npl enentati on of Sol ar Energy Systens
Dat e: 12/ 95
Q gani zat i on: SEL
I nput prepared by: Tr zesni ewski
Wility Infornation
Wility to be anal yzed WEPCO
Wility region to be anal yzed Wsconsin Wilities
Estimate region capacity 20000 MV
Nunber of electric custoners 100000
System transm ssi on | osses 2.00 %
Systemdi stribution | osses 3.00 %
Sol ar Energy System
Sol ar system Generic System (ne 80 gal tank
Install ed cost of solar system 2000 $/ uni t
% of custoners accepting program 5.0 %
Qust oner down paynent on system 140 $
CQust ormer nonthly | ease paynent 12. 00 $/ o
Qperation, maintenance and admi ni stration 10 $/ yr-system
Equi pnent depr eci ati on peri od 5 yrs
Conpar ati ve System
Hectric System Generic electric DHWsystem
Em ssion Costs
a2 0. 0000 $/1 bm
S 0. 0200 $/| bm
NOX 0. 0000 $/1 bm
\4e} 0. 0000 $/1 bm
Particul ates 0. 0000 $/| bm
cH 0. 0000 $/1 bm
Mer cury 0. 0000 $/1 bm
Nucl ear Waste 0. 0000 $/| bm
Denand Reduction Paraneters
Reserve nargin 15.0 %
Cost of conventional option per kW 325. 00 $/ kw
Cost of addi ng kWof transmi ssion capacity 100. 00 $/ kW
Cost of adding kWof distribution capacity 100. 00 $/ kW
Denand eval uati on net hod Systemreliability using QO nethod
Nunber of peak hours to eval uate 20
Qaad of conventional reference option 0. 9200
Bl ectric Qustoner Retention
% custoners lost to other fuel w o program 4 %
% custoners lost to other fuel wth program 2 %
Val ue of retained custoner 0 $/yr
Del ayed Power Pl ant Construction
Val ue of del ayi ng power plant construction 0 $/ peak kW
Governnent | ncentives for | nvestnent
Tax credit given for investnent 10. 00 %
Ener gy subsi dy 0. 000 $/ kWh
Econoni ¢ Par anet er s
Years of econom c anal ysi s 20 yrs
Inflation rate 5. 00 %
D scount rate 8.00 %
Wility tax bracket 34.00 %
Qustoner Rate |nfornation
Wnter rate 0. 0640 $/ kWh
Sunner rate 0. 0745 $/ kW -
Figure 7.4-1: EUSESA Input File Used in WEPCO Analysis
The anaysis includes payments made by the customer for the solar energy



systems. For example, a program by WPS offers the solar systems to the customer for
$140 down and a $12 per month lease. The installed cost of a single solar energy system
is $2000. The utility is assumed to maintain ownership of the systems so that they may

be depreciated. The depreciation period chosen isfive years.

A utility may have reasons to credit emissions with a certain value. SO, has red

value as WEPCO must buy credits to emit SO,. The value assigned to SO, is $0.02/Ibm. No

other emissions are credited for in this analysis.

The CCI method is used to evaluate demand reduction. Capacity contributions at
the generation level are valued relative to a combustion turbine. The present worth value
of capacity contribution is given to be $325/kW. Transmission and distribution capacity
contributions are each given a present worth value of $100/kW. This is the cost of

adding an additional kW of capacity in each of the systems.

Customer retention and delayed power plant construction are not credited for in
this analysis. Government incentives, however are included as benefits of the solar
program. A ten percent tax credit is given for the initial investment in purchasing the

solar energy systems.

The economic parameters are chosen to best represent WEPCO. The economic
life of the SDHW systems is given as 20 years. An inflation rate of 5% and a discount
rate of 8% are used in the economic calculations. The utility is assumed to be in the 34%

taxbracket. Figure 7.4-2 shows the outputs from the EUSESIA analysis.
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C\EUSESI AV UTILITY. QUT

Resul ts

N20O
Parts
cH4

NUKES

Pr esent
Pr esent
Pr esent
Pr esent
Pr esent
Pr esent
Pr esent
Pr esent
Pr esent
Pr esent
Pr esent
Pr esent

$333333553385
B Su g u gu fu g gugu gut
jum e pun pan pun plan plan gun plan Jlan s g 3

Present Wrth
Level i zed Savi

J

FEB 437
MAR 477
APR 449
MAY 459
JUN 439
JUL 444
AUG 444
SEP 442
oCT 463
NOV 458
DEC 478
YEAR 5477

*x Energk; and Environnental
a

sed on: 5000 sol ar systemns

Ener gy Reduction (kW)
16090000

Enmi ssi on Reduction (1bm

18860000
139700
92770
298
7961
184

0

0

Demand Reduction (k
3529 (kW

of

ngs of
Rate of Return of Option

** System Perfornmance Summary and Custoner Savi ngs *****xxxxkkskkdkkxx
Resul ts based on average system perfornance

Elc (kW) Sol (kW) Del (kwh)
489 357 132

| nvest ment

OVBA .
Energy Savi ngs
Eni ssi on Savi ngs
Demand_ Savi ngs
Depr eci ati on
Downpaynent s
Lease Paynents
Tax Credit

Ener gy Subsi dy
Custoner Retention
Del ay Val ue

Life cl e Savings
CpCYion g

262 174
256 221
157 293
114 345
40 399
51 393
72 371
135 307
252 212
352 106
370 109
2417 3060

Option Capag%y Contri bution I ndex

SF
269

. 399
. 463
. 651
. 753
. 909
. 885
. 837
. 695
. 457
. 230
. 227

. 559

Electric Uility Solar Energy System |Inpact Analysis:

I mpact of a Large Scal e | npl ementation of a Solar Energy System
on an Eectric Wility

Impact Summary for the First Year **x***

Energy Savings ($)
261300

Em ssion Val ue ($)
2793

[elelo]olole]

2793
Demand Savi ngs ($)
121200

Total Savings ($)
385293

* % ECOnOmC Anal ySIS Sumrary khkkkkkhkhhkhkhhkhkhkhkhhkhhddhhhkdxhkhkhhddhhkkkhhxx*%

10000000
717900
3751000
40110
1740000
2715000
700000
7069000
1000000

Hh AR BHPRARAAARS
oo

Savi ngs ($)
8.43

Figure 7.4-2: EUSES A Output File from WEPCO Analysis
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The energy and environmental impact summary gives the energy, emission and



demand reductions and the resulting savings at the end of the first year of the analysis.
The demand reduction reported does not include capacity contributions in the
transmission and distribution systems, only capacity contributions at the generation level.
The demand savings, however, do include the value of the capacity contribution to the
transmission and distribution systems. The energy, emission and demand savings can be

used as yearly recurring savings in an economic calculation.

Normalizing the energy, emission and demand reductions to the number of
systems used in the analysis gives the average impact of a single SDHW system at the
generation level. Table 7.4-1 shows the average impact of an SDHW system at the

generation level.

Table 7.4-1: Average Impact of an SDHW System at the Generation L evel

Energy Reduction [kWh]
3218

Emission Reduction [lbm]
CO, 3772
SO, 27.9
NOy 18.6
N,O 0.0596

Particul ates 1.6
CH, 0.0368

Demand Reduction [kW]
71

The present worth of the life cycle savings for the SDHW option is around 6.3
million dollars. Levelized, the life cycle savings are $641,400 per year. The rate of
return of the SDHW ensembleis 21.2%. A similar analysis including only the cost of the
systems, operation and maintenance costs and the energy, emission and demand savings
results in a rate of return of 2.8%. The results of the economic calculation are therefore

sensitive to the benefits for which credit is taken.
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The system performance summary gives results based on average system
performance and therefore are of interest to atypical customer. The energy requirements
of the EDHW and SDHW systems and their difference are given on amonthly basis. The
annual solar fraction (SF) of the SDHW system is defined to be the difference in the
EDHW and SDHW energy requirements divided by the EDHW energy requirement. The
solar fraction is found to be 0.56. The monthly savings are reported using the seasonal
rate information discussed in section 7.1. The annua savings to a customer is $211. The

capacity contribution index discussed in section 5.4 is calculated to be 0.378.

An anaysis performed for an ensemble of 5000 PV systems similar to the one
discussed in section 7.1, using the same input data as for the SDHW system analysis,
gives annual energy savings of $21,860, emission savings of $243 and demand savings of
$18,190. The rate of return calculated for the PV system is 10.8%. The average impact

of aPV system at the generation level is given in table 7.4-2.

Table7.4-2: Average Impact of a PV System at the Generation Level

Energy Reduction [kWh]
262

Emission Reduction [lbm]
CO, 344
SO, 2.43
NOy 1.45
N,O 0.0054

Particul ates 0.131
CH, 0.0038

Demand Reduction [kW]
.10




7.5 Summary

The software package EUSESIA is used to simulate SDHW and PV system
performance and to assess the impact of an ensemble of 5000 SDHW systems on
WEPCO. The CCI method of demand assessment is chosen to quantify capacity
contributions. A regional analysis, considering WEPCO as an interconnected utility, is
chosen for the study. The study shows energy reductions at the generation level to be
dightly over 16 Gigawatt hours. Emission reductions are quantified and the total demand
reduction is shown to be 3529 kW. The average capacity contribution is 0.71 kW per
system. The SDHW system saves a consumer $211 per year on electric bills. A similar
study for a PV system shows about 1.7 Gigawatt hours of energy reduction and a demand
reduction of 530 kW. The PV system saves a consumer approximately $17 per year on
electric bills. SDHW systems have a larger impact on a utility than PV systems with
comparable array areas. SDHW systems also offer consumers greater savings on electric
bills. When considering only the energy, emission and demand savings and costs of the
system and operation and maintenance, the rate of return is calculated to be 2.8%. By
including customer payments, equipment depreciation and government incentives in the

economic analysis gives arate of return of 21.2%.



CHAPTER 8

Conclusions and Recommendations

8.1 Conclusons

A large scale implementation of solar energy systems has significant impact on an
electric utility. On average, an SDHW system consisting of a 60 ft2 collector and asingle

80 gallon tank realizes annual energy reductions at the utility level of 3218 kWh,
emission reductions of: 3772 [bm CO,, 27.9 [bm SO, 18.6 Ibm NOy, 0.0596 Ibm N,0O,

1.6 Ibm particulates and 0.0368 Ibm CH, and demand reduction of 0.71 kW. A PV

system of comparable array area shows substantially less impact.

The annua savings resulting from an ensemble of 5000 SDHW systems are

$261,300 in energy reduction, $2,793 in emission reduction and $121,200 in demand
reduction. The emission savings are negligible compared to the energy and demand
savings, but may be more substantial in the future as emission regulations become
tougher.
An economic analysis shows the rate of investment to be 2.8% when considering only the
energy, emission and demand savings and the costs of the systems and annual operation
and maintenance costs. When customer payments, equipment depreciation and
government incentives are included in the economic anaysis, however, the rate of
investment is calculated to be 21.2%. The results of economic analysis are dependent on
the benefits for which the utility takes credit.

An annua analysis performed on an hourly basis is required to accurately assess
the impact of an ensemble of solar energy systems on an electric utility. Energy savings
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of the margina plant, which varies hourly. Hourly weather and load data from the same
year must be supplied to accurately assess the demand reduction of an ensemble of solar
energy systems. For most accurate results, the analysis should be performed on a
regional basis. Considering the utility as part of an interconnected system of utilities
represents a more realistic environment, in which utilities buy and sell energy and

demand from one another, than considering the utility as an isolated system.

8.2 Recommendations

The analysis in this research is performed with weather and load information from
1991. It would be useful to perform the analysis with weather and load information from
other years to see if the analyses yield similar results. A database containing hourly
weather data for various locations throughout the country would be useful for assessing
solar performance in other areas. A database containing hourly load and plant data for all
utilities, similar to that of the Federal Energy Regulatory Commission, would help

utilities gather the necessary information to perform regiona analyses.

An accessible library containing models of other solar energy system
configurations would offer a user an analysis of more detailed solar energy systems. A
model has been developed to assess demand requirements of a solar energy system
containing collectors rated by the Solar Rating & Certification Corporation (SRCC). A
file containing the parameters of afew SRCC rated collectors is available with the model.

Thisfile could be modified to contain all the collectors rated by the SRCC.

The analysisis not limited to demand-side resources. The impact of a supply-side
resource, such as awind turbine, could be assessed with EUSESIA. A model producing
hourly wind turbine generation is required for the analysis. Transmission and distribution
losses are not considered when assessing a supply-side resource. Similar to the PV
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analysis there would be no comparative system in assessing wind turbines as it is a

generating resource.
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APPENDIX A

Utility Load and Plant Data

Wisconsin Electric Power Company (WEPCO)
Wisconsin Public Service Corporation (WPS)
Wisconsin Power and Light Company (WPL)
Madison Gas and Electric (MG&E)

Northern States Power Company (NSP)
Dairyland Power Cooperative (DPC)

Six Utility Region



Wisconsin Electric Power Company

Table B-1: WEPCO Plant Data

A: 37B:plant  C: capacity [MW] D: outagel start (mm/dd) E: outage 1 end (mm/dd) F:outage 2 start (mm/dd)
H: scheduled outage [wks] I: full outage [%] J: partial outage 1 [%] K: partial capacity 1 [MW]
M: partial capacity 2 [MWN: partial outage 3 [%] O: partial capacity 3 [MW] P: partial ouage 4 [%]
R: operating cost [$/kWh]S: CO2 [lbm/MWh] T:S02 [lbm/MWh]  U: NOX [lbm/MWh] V:N20 [lbm/MWh]
X: CH4 [lbm/MWh]  Y: Mercury [lbm/MWh] Z: Nuclear Waste [lbm/MWh]

A__B C DE F GH 1) K _LMN OPORS TU VW XY

1 'PNT BEACH2'49731 51 92011206 19000 00 00 000048 00000000

2 'PNT BEACH1'49731 51 92011206 19000 00 00 000048 00000000

15 'PLEASNTPR258031 51 92011206 11.3220 00 00 00 0.0092313 8.11 4.32 0.0184 0.108 0.014
16 'PLEASNTPR158031 51 92011206 113220 00 00 00 0.0092313 8.11 4.32 0.0184 0.108 0.014
26 'EDGEWATER5' 97 31 51 920 11204 2538 00 00 000.0136 00 00 00 00

3 'OAK CREEK830531 51 92011205 11685 00 00 0000143 18687.62.56 0.0165 0.183 0.01
4 '‘OAK CREEK728031 51 92011205 11685 00 00 00 0.0143 18687.62.56 0.0165 0.183 0.01
6 'OAK CREEK525831 51 920 11205 22982 00 00 00 0.0148 19047.75 2.61 0.0168 0.187
5 '‘OAK CREEK626031 51 92011205 23820 00 00 000149 1907 7.76 2.62 0.0168 0.187 0.01
22 'PRESQUEIS457 31 51 92011201 12412 00 00 00 00162 225016.636.50.0160.4260.012 00
20 'PRESQUEISE85 31 51 92011201 12220 00 00 00 0.0163 223716.548.9 0.0159 0.424 0.012
21 'PRESQUEIS584 31 51 92011201 12219 00 00 0000163 223816.558.91 0.0159 0.318
25 'PRESQUEIS125 31 51 92011200 00000 OO0 00 0.0165 338119.2313.460.024 0.3210.018 00
24 'PRESQUEIS237 31 51 92011200 00000 00 0 0 0.0167 302822.3912.050.0215 1.2920.016 00
23 'PRESQUEIS358 31 51 92011201 12412 00 00 00 0.0172250 16.636.50.016 0.32 0.012 00

9 'PORTWASH2' 80 31 51 920 11200413 29 00 0000 0.0199 216723.343.75 0.0156 0.417
10 'PORTWASH1' 80 31 51 920 11200413 29 00 0000 0.0203 223724.093.87 0.0161 0.43

13  'VALLEY2 ' 62 31 51 920 11208 2.53.930 00 00 00 0.0214 243626.585.86 0.0222 0.586
11 'VALLEY4 ' 7031 51 92011200 25434 00 00 00 0.0216 243626.585.86 0.0222 0.586

14 'VALLEY1 ' 64 31 51 92011208 11370 00 00 00.0224 2557 27.916.15 0.0234 0.615 0.014
17 'PRESQUEIS984 31 51 92011201 13140 00 00 00.0227 2392 12.548.05 0.0173 0.23 0.014
18 'PRESQUEIS883 31 51 92011201 13140 00 00 00.0227 2392 12.538.05 0.0172 0.23 0.014

19 'PRESQUEIS781 31 51 92011201 13213 00 00 00 0.0227 239212.538.05 0.0172 0.23

12 'VALLEY3 ' 7031 51 92011200 115 14 00 00 00 0.0232436 26.585.86 0.0222 0.586 0.013
8 'PORTWASH3' 82 31 51 920 11200414 29 00 0000 0.0237 215532.2 3.73 0.0155 0.414
7 'PORTWASH4' 80 31 51 920 11200415 29 00 0000 0.0267 249226.844.31 0.0180.479 0.191

27 'CONCORD4 '83 31 51 92011200 10000 OO0 00 0.0471609 01.16 0.1803 0 0.0040 0
28 'CONCORD3 '83 31 51 92011200 10000 00 00 0.0471609 01.16 0.1803 0  0.0040 0
29 'CONCORD2 '83 31 51 92011200 10000 OO0 00 0.0471609 01.16 0.1803 0 0.0040 0
30 'CONCORD1 '83 31 51 92011200 10000 00 00 0.0471609 01.16 0.1803 0  0.0040 0
35 'OAKCREEK920 31 51 92011200 10000 OO0 00 00557 329641.6 13.6 0.16 0.800 0
31 'GERMNTOWN4' 53 31 51 920 11200100 00 00 000.06 3296 41.6 13.6 0.16 0.80 0 0
32 'GERMNTOWN3' 53 31 51 920 11200100 00 00 00 0.06 3296 41.6 13.6 0.16 0.80 0 0
33 'GERMNTOWN2' 53 31 51 920 11200100 00 00 000.06 3296 41.6 13.6 0.16 0.80 0 0
34 'GERMNTOWN1' 53 31 51 920 11200100 00 00 00 0.06 3296 41.6 13.6 0.16 0.80 0 0
36 'PNTBEACH5'20 31 51 92011200 10000 00 00 0.0637 329641.6 13.6 0.16 0.800 0
37 'PORTWASH6' 18 31 51 920 11200100 00 00 00 0.0651 329641.6 13.6 0.16 0.8 0

o

G: outage 2 end (mm/dd)
L: partial outage 2 [%]

Q: partial capacity 4 [MW]
W: Particulates [lbm/MWh]

0 0
o o
o o

0 0
0.01 0 0
0 0

0 0
0.0120 0
0.1660 0
0.1710 0
0.0130 0
0.010 0
o o

0 0
o o
0.0140 0
o o
0.16%0 0
o o

0
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92 Utility Load and Plant Data

Wisconsin Public Service Cor poration

TableB-2: WPS Plant Data

A: 19B:plant  C: capacity [MW]D: outagel start (mm/dd) E: outage 1 end (mm/dd)F: outage 2 start (mm/dd)G: outage 2 end (mm/dd) H: scheduled outage [wks] I: full outage
[%] J: partial outage 1 [%]K: partial capacity 1 [MW] L: partial outage 2 [%] M: partial capacity 2 [MW] N: partial outage 3 [%] O: partial capacity 3 [MW] P: partial outage 4 [%]Q: partial capacity 4
[MW]R: operating cost [$/kwWh]S: CO2 [lbm/MWh] T:SO2 [lbm/MWh] U: NOX [Ilbm/MWh]V: N20 [Ilbm/MWh] W: Particulates [Ilbm/Mwh] X: CH4 [lbm/MWh] Y: Mercury

[lbm/MWHh] Z: Nuclear Waste [Ilbm/MWh]

A__B C DEFG HI JK LM NO P ORSTU VW XY
1 'KEWAUNEE1' 212 31 51 91 1116170 00 00 0000.0053 00000000
9 ‘WESTON2 ' 92 31 51 91 111 2 50150 00 00 000109 2170 8.512.540.032 0.21 0.021 00
11 'COLUMBIA2'15831 51 91 1115 70580 00 00 000113 2196 13.824.95 0.0310.52 0.01 00
13 'EDGEWATER4 104 31 51 91 11156034 00 00 000.0113 198619.4818.81 0.0960.96 0.01 0 0
12 'COLUMBIA1'16231 51 91 111 6048 0 00 00 000118 2226 5.75 3.55 0.0310.21 0.01 00
8 ‘WESTON3 ' 33731 51 91 111 5059 0 00 00 00.0119 2074 8.13 12.090.03 0.3 0.02 00
10 'WESTON1 '68 31 51 91 111 5012 0 00 00 000121 2381 8.19 2.50.034 0.34 0.023 00
‘PULIAM8 ' 135 31 51 91 111 50250 00 00 000137 2043 17.2 8.75 0.0311.32 0 00
0
0
0

'PULIAM7 '88 31 51 91 111 50 16 00 00 00.014208117.528.92 0.031 0.73 0.01 00

5
4
2
2 2
3 2
4 ‘PULIAM6 ' 67 31 51 91 111 2 5014 00 00 000162 2387 11.0612.6 0.0360.24 0.012 00
5 'PULIAM5 ' 52 31 51 91 111 2 5016 00 00 00.0167 2432 11.2712.840.0360.36 0.012 00
7 ‘PULIAM3 ' 26 31 51 91 111 2 18 014 00 00 00 0.0242 254311.7813.43 0.0380.25 0.013 0 0
6 'PULIAM4 ' 27 31 51 91 111 2 18 015 00 00 00 0.0253 267212.3814.11 0.04 0.93 0.013 0 0
18 'WMARINTT3375 31 51 91 111 2 43019 00 00 000.035 00000000
15 'WESTON32 '50 31 51 91 111 1 50140 00 00 00.0417 2658 10.4215.360.0390.26 0.026 00
17 'WMARINTT3240 31 51 91 1111 50900 00 00 0.0425 00000000
16 'WMARINTT31'40 31 51 91 111 1 50110 00 00 00.0427 00000000
14 'WESTON31 '20 31 51 91 111 2 50500 00 00 0.0483 327612.8418.940.048 0.32 0.032 00

0

19 'EAGLERIVR1'4 31 51 91 111 50000 00 00 0.552 00000000
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Figure B-2. WPS 1991 Load
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Wisconsin Power and Light Company

TableB-3: WPL Plant Data

A: 16B:plant C: capacity [MW]D: outagel start (mm/dd) E: outage 1 end (mm/dd)F: outage 2 start (mm/dd) G: outage 2 end (mm/dd) H: scheduled outage [wks] I: full outage
[%] J: partial outage 1 [%]K: partial capacity 1 [MW] L: partial outage 2 [%] M: partial capacity 2 [MW] N: partial outage 3 [%] O: partial capacity 3 [MW] P: partial outage 4 [%]Q: partial capacity 4
[MW]R: operating cost [$/RVh]S: CO2 [lbm/MWh] T: SO2 [lbm/MWh] U: NOX [Ilbm/MWh]V: N20 [Ilbm/MWh] W: Particulates [Ilbm/Mwh] X: CH4 [lbm/MWh] Y: Mercury

[lbm/MWHh] Z: Nuclear Waste [Ilbm/MWh]

A__B C DEFG HI JK LM NO P ORSTU VW XY

16 'KEWAUNEE1' 214 31 51 91 1116340 00 00 0000.0076 0 0000000

2 ‘COLUMBIA2'23631 51 91 1115 78000 00 00 00.01121955.67 3.50.011 0.2060.018 00

4 'EDGEWATER4' 217 31 51 91 1114540 00 00 0000.0124 1991 19.5318.86 0.1180.957 0.014 0 0
5 '‘EDGEWATERS' 294 31 51 91 1114250 00 00 00000129 2165 6.71 3.76  0.0110 0.017 0 0
7 'NLSNDEWEY2' 111 31 51 91 1114240 00 00 0000.0136 2123 7.54 9.19 0.1261.838 0.015 0 0
6 ‘NLSNDEWEY1' 108 31 51 91 1114810 00 00 00 00.0137 2150 7.54 8.47 0.1270.62 0.016 0 0
1 ‘COLUMBIAL1'23731 51 91 1115 80000 00 0 0 0.0141 220713.894.97 0.011 0.5180.018 00

8 ‘ROCKRIVER173 31 51 91 111 4 16000 00 00 000141 2134 29.7614.160.1261.0260.014 00

9 'ROCKRIVER274 31 51 91 111 4 57000 00 00 00.0143 2167 30.2119.270.1281.6670.015 00

3 '‘EDGEWATER3' 70 31 51 91 1114310 00 00 00 00.0158 2383 23.3722.46 0.1411.146 0.017 0 0
15 'BLACKHAWK4' 28 31 51 91 1110430 00 00 0000.03913620.12 17.93 0.0470 0.003 0 0
14 'BLACKHAWK3 27 31 51 91 1110430 00 00 00000404 1418 0.12 16.73 0.0480 0.004 0 0
12 'ROCKRIVERS546 31 51 91 111 0 43000 00 00 00.0433 1452 0.12 51.250.05 0 0.004 00

13 'ROCKRIVER644 31 51 91 111 43000 00 00 00.0436 1463 0.13 51.630.05 0 0.004 00

11

0
'ROCKRIVER4'13 31 51 91 111 0 43000 00 00 000511 1837 0.16 64.830.0630 0.005 00
10 'ROCKRIVER325 31 51 91 111 0 43000 00 00 00.0581 2069 0.18 73.030.0710 0.005 00
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Figure B-3: WPL 1991 Load



A Utility Load and Plant Data

M adison Gas and Electric

TableB-4: MG&E Plant Data

A: 16B:plant C: capacity [MW]D: outagel start (mm/dd) E: outage 1 end (mm/dd)F: outage 2 start (mm/dd) G: outage 2 end (mm/dd) H: scheduled outage [wks] I: full outage
[%] J: partial outage 1 [%]K: partial capacity 1 [MW] L: partial outage 2 [%] M: partial capacity 2 [MW] N: partial outage 3 [%] O: partial capacity 3 [MW] P: partial outage 4 [%]Q: partial capacity 4
[MW]R: operating cost [$/kwWh]S: CO2 [lbm/MWh] T: SO2 [Ilbm/MWh] U: NOX [Ilbm/MWh]V: N20 [Ilbm/MWh] W: Particulates [Ilbm/Mwh] X: CH4 [lbm/MWh] Y: Mercury

[lbm/MWHh] Z: Nuclear Waste [Ilbm/MWh]

A_B _C DEFGHI JKIMN OP OR S TUVWX YZ

1 'KEWAUNEE '93 315191 1116110 00000 00 0.0048 0 00 00000

3 ‘COLUMBIA2'111315191 11151 15596 00 00 00 00117 21955.67 3.50.011 0.2060.018 00
2 ‘COLUMBIA1'113315191 11154115588 00 00 0 0 0.0183 220713.894.97 0.011 0.5180.018 00
16 'CCS(NEW) 1203151911112 55 0 00000 00 0.0201 9990 0.24 0.11 00.0640 0

8 '‘BLOUNT6T8B50 315191 1113750 00000 00 0.0283 2575 15 10 0.13 0.38 0 00
9 ‘BLOUNT7T9B49 315191 1113230 00000 00 0.0283 2575 15 10 0.13 0.38 0 00
15 'CTS(NEW) '40 3151911111 35 0 00000 00 0.0292 1525 01.0980.17 0 0.122 0 O
10 'FITCHBURG121 315191 111115 00000 00 0.0309 1584 05.4590.13 13 0 0 0
11 'AITCHBURG221 315191 111115 00000 0O 0.0309 1588 05.4720.13 0.13 0 00
14 'NINESPRNGS' 14 3151911111 15 00000 00 0.0313 1581 05.4460.13 0.13 0 00
13 'SYCAMORE2' 20 315191111115 00000 0O 0.0328 1699 05.8550.14 0.14 0 00
00

'‘BLOUNT5&6B38 315191 11123 00000 0O 0.0371 1955 04.6 0.16 00 00

00000 00 0.0371 3386 57.5313.150.16 049 0 00
00000 0O 0.0374 1969 04.6340.17 0 00 0

00000 00 0.0417 2261 05.32 0.19 0 00 0

6

7 ‘BLOUNT7B ' 23 315191 11123
5 'BLOUNT3&1127 315191 11123
4

0
0
0
0
12 'SYCAMOREl' 14 3151911111150 00000 00 0.0346 1809 06.2320.15 0.15 0

0
0
0

‘BLOUNT1&2B6 3151911111 20 O
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Figure B-4: MG&E 1991 Load
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Northern States Power Company

Table B-5: NSP Plant Data

A: 28B:plant C: capacity [MW]D: outagel start (mm/dd) E: outage 1 end (mm/dd)F: outage 2 start (mm/dd)G: outage 2 end (mmAd) H: scheduled outage [wks] I: full outage
[%] J: partial outage 1 [%]K: partial capacity 1 [MW] L: partial outage 2 [%] M: partial capacity 2 [MW] N: partial outage 3 [%] O: partial capacity 3 [MW] P: partial outage 4 [%]Q: partial capacity 4
[MW]R: operating cost [$/kwWh]S: CO2 [lbm/MWh] T: SO2 [Ilbm/MWh] U: NOX [Ilbm/MWh]V: N20 [Ilbm/MWh] W: Particulates [Ilbm/Mwh] X: CH4 [lbm/MWh] Y: Mercury

[lbm/MWHh] Z: Nuclear Waste [Ilbm/MWh]

A_B _C DEFGHI JKIMN OP OR S TUVWX YZ

26 'PRAIRIEIS2'5243151911114 30 00000 000051 00 000000

25 'PRAIRIEIS1'5243151911114 30 00000 000054 00 000000

24 'MONTICELLOS52315191 11145 00000 0O 0.0059 0 00 00000

15 'REDWING2'12 315191 111410 00000 00 0.0114 0 4.66 5.46600.64 00 0
14 'REDWING1'12 315191 111410 00000 0O 0.0119 0 4.88 5.71800.67 00 0
1 ‘ASKING ' 5743151911115 70 00000 000125 0 15.178.25500.29 00 0

4 'SHERBURNEZ' 87131519111135 00000 0O 0.0125 0 2.53 3.99100.49 000
27 'OILCTS 11133151911110 15 00000 00 0.0138 0 0.6 0.2550 0.02 0 00
28 'GASCTS '1863151911110 40 00000 0O 0.0138 0 7.65 1.20 0.15 0 00
2 'SHERBURNE1' 71231519111123 00000 00 0.0142 0 2.72 4.28900.52 00 0
5 'RIVERSIDES' 215315191 111415 00000 0O 0.0142 0 49.79 00.80 00

3 'SHERBURNE2' 71231519111125 00000 00 0.0143 0 2.72 4.28900.52 00 0
12 'HIGHBRDGE6' 1693151911112 18 00000 0O 0.0154 0 4.65 6.76700.95 00 0
6 ‘RIVERSIDE7' 130315191 111210 00000 00 0.0161 0 4.6 11.262 00.92 00 0
11 'HIGHBRDGES' 93 315191111210 00000 0O 0.0162 0 4.94 7.18301.01 000
10 'BLACKDOG4'176315191 111220 00000 00 0.0164 0 6.55 8.41100.33 00 0
16 'WILMARTH1'11 315191 111410 00000 0O 0.0165 0 2.81 5.28600.50 00
8 ‘BLACKDOG2'100315191 111235 00000 00 0.0167 0 6.7 8.6040 0.34 0 00
9 '‘BLACKDOG3'110315191 111215 00000 0O 0.0167 0 6.72 8.62200.34 00 0
7 ‘BLACKDOG1'78 315191 111215 00000 00 0.0176 0 7.18 9.21800.36 00 0
17 'WILMARTH2'11 315191 111410 00000 0O 0.0176 0 2.99 5.63500.53 00 0
13 'MINNVALLEY'48 315191 111215 00000 00 0.0181 0 10.2%.15 00.53 00 0
20 'BAYFRONT6'30 315191 11147 00000 0O 0.0223 0 5.94 7.70102.57 00 0
19 'BAYFRONT5'23 315191 11147 00000 00 0.0232 0 6.25 8.10502.70 00
22 'FRENCHIS2' 14 315191 11127 00000 0O 0.0233 0 1.43 6.53701.28 00 0
21 'FRENCHIS1'15 315191 11127 00000 00 0.0236 0 1.46 6.64201.30 00
18 'BAYFRONT4'20 315191 11147 00000 0O 0.0248 0 6.78 8.79302.93 00 0
23 'PATHFINDER64 315191 111220 00000 00 0.0481 0 05.11800.12 00 0

O O OO OO OO O O OO0 O0O0OO0OOOOOOoOOoO OO o o o o o
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Figure B-5: NSP 1991 Load



% Utility Load and Plant Data

Dairyland Power Cooper ative

Table B-6: DPC Plant Data

A: 8 B:plant C: capacity [MW]D: outagel start (mm/dd) E: outage 1 end (mm/dd)F: outage 2 start (mm/dd) G: outage 2 end (mm/dd) H: scheduled outage [wks] I: full outage
[%] J: partial outage 1 [%]K: partial capacity 1 [MW] L: partial outage 2 [%] M: partial capacity 2 [MW] N: partial outage 3 [%] O: partial capacity 3 [MW] P: partial outage 4 [%]Q: partial capacity 4
[MW]R: operating cost [$/kwWh]S: CO2 [lbm/MWh] T: SO2 [lbm/MWh] U: NOX [lbm/MWh]V: N2O [Ibm/MWh] W: Particulates [lbm/MwWh]  X: CH4 [lbm/MWh] Y: Mercury [lbm/MWhE: Nuclear Waste [lbm/Mwh]

A_B C DEFGHI JKIMN OPORS T UVW X YZ

8 'FLAMBEAU '21 315191 11100 O 00000 00 0.00457 00000000
7 'GENOA3 '3763151911114120 0 00000 00.01769 218314.988.56 0.03 1.61 0.011 0 O
6 ‘JPM1  '374315191111 44000 O 0000 0.01883 1831 6.55 4.2 0.03 0.25 0.00800
1 '‘ALMA1 20 315191111 1769 0 0O 00000 00.02493 279726.6412.650.04 0.130.01 0 O
2 '‘ALMA2 22 315191111 1769 0 0 00000 00.02493 279726.6412.650.04 0.130.01 0 O
3 '‘ALMA3 21 315191111 1769 0 0O 00000 00.02493 279726.6412.650.04 0.130.01 0 O
4 '‘ALMA4 59 315191111 24600 0 00000 0.02493 2333 22.2210.550.03 0.11 0.0110 O
5 '‘ALMAS5 85 315191111 23.100 0O 00000 0.02493 2209 21.049.99 0.03 0.21 0.0110 O
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Figure B-6: DPC 1991 Load
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Six Utility Region

Table B-7: Regional Plant Data

A 124 B:plant C: capacity [MW] D: outagel start (mm/dd) E: outage 1 end (mm/dd)F: outage 2 start (mm/dd) G: outage 2 end (mm/dd) H: scheduled outage [wks] I: full
outage [%]J: partial outage 1 [%] K: partial capacity 1 [MW] L: partial outage 2 [%] M: partial capacity 2 [MW] N: partial outage 3 [%] O: partial capacity 3 [MW] P: partial
outage 4 [%] Q: partial capacity 4 [MW] R: operating cost [$/kWh]S: CO2 [lbm/MWh] T:SO2 [lbm/MWh] U: NOX [lbm/MWh] V:N20O [lbm/MWh] W: Particulates [lbom/MWh] X:
CH4 [lbm/MWh] Y: Mercury [lbm/MWh] Z: Nuclear Waste [lbm/MWh]

A_B C DEFGHI JKIMN OPORS T UVW X YZ

8 ‘FLAMBEAU '21 3151920 112000 0 00000 00 0.00457 0000 0000

9 'KEWAUNEE '93 3151920 11206 1.10 00000 00 0.0048 0 0000000

53 'PNT BEACH2'4973151920 11206 1.90 00000 00 0.0048 00000000

54 'PNT BEACH1'4973151920 11206 1.90 00000 00 0.0048 0 00 00000

50 'PRAIRIEIS2'5243151920 112043 0 00000 00 0.0051 00000000

106 'KEWAUNEE1' 2123151920 11206 1700000 00 O 00053 00000000

49 'PRAIRIEIS1'5243151920 112043 0 00000 00 0.0054 00000000

48 'MONTICELLOS5523151920 112045 0 00000 00 0.0059 0 0000000

105 'KEWAUNEE1' 2143151920 11206 3.400000 00 O 0.0076 00000000

67 'PLEASNTPR25803151920 11206 1 1.3220000 00 O 0.00923138.11 4.32 0.0184 0.108 0.01400
68 'PLEASNTPR15803151920 11206 1 1.3220000 00 O 0.00923138.11 4.32 0.0184 0.108 0.01400
114 'WESTON2 ' 92 3151920 11225 0 15000 00 O 0.0109 2170 8.512.540.0320.21 0.021 00
91 'COLUMBIA2'2363151920 11206 780 00000 00 0.01121955.67 3.50.0110.2060.0180 0

116 'COLUMBIA2'1583151920 112067 0 58 000 00 O 00113 2196 13.824.95 0.0310.52 0.01 00
118 'EDGEWATER4' 1043151920 11205 6 034 00 00 O 0 0.0113 198619.4818.810.0960.96 0.01 00
39 'REDWING2'12 3151920 1120410 0 00000 00 0.0114 0 4.66 5.46600.64 00 O

11 'COLUMBIA2'1113151920 112061 15596 00 00 O 0 0.0117 21955.67 3.50.0110.206 0.01800
117 'COLUMBIA1'1623151920 112066 0 48 000 00 O 00118 2226 5.75 3.55 0.0310.21 0.01 00
38 '‘REDWING1'12 3151920 1120410 0 00000 00 0.0119 0 4.88 5.71800.67 00 0

113 'WESTON3 ' 3373151920 112045 0 59 000 00 O 00119 2074 8.13 12.090.03 0.30.02 00
115 'WESTON1 ' 68 3151920 11225 0 12 000 00 O 0.0121 2381 8.19 2.50.0340.34 0.023 0 0
93 'EDGEWATER4 2173151920 11204 5400000 00 O 0.0124 1991 19.5318.860.1180.957 0.01400
25 'ASKING ' 5743151920 112067 0O 00000 00 00125 0 15.178.25500.29 00 0

28 'SHERBURNEZ' 8713151920 11203 5 00000 00 O 0.0125 0 2.53 3.99100.49 000

94 'EDGEWATERS5' 2943151920 11204 2500000 00 0.0129 2165 6.71 3.76 0.0110 0.0170 O

78 'EDGEWATERS' 97 315192011204 2 538 00 00 0 0.0136 00 00 00 00

96 'NLSNDEWEY2' 1113151920 11204 2400000 00 0.0136 2123 7.54 9.19 0.1261.838 0.01500
95 'NLSNDEWEY1' 1083151920 11204 8100000 00 0.0137 2150 7.54 8.47 0.1270.62 0.01600
107 'PULIAM8 ' 1353151920 112025 0 25000 00 O 0.137 2043 17.28.75 0.0311.32 0 00
51 'OILCTS 11133151920 11200150 00000 00 0.0138 0 0.60.2550 0.02 0 00

52 'GASCTS '1863151920 1120040 0 00000 00 00138 0 7.651.200.150 00

108 'PULIAM7 ' 88 3151920 112025 0 16 000 00 O 0.014208117.528.92 0.0310.73 0.01 00
90 'COLUMBIA1'2373151920 11206 8 0 00000 00 0.0141 2207 13.8%4.97 0.0110.5180.0180 0

97 'ROCKRIVER173 3151920 11204 1.60 00000 00 0.0141 2134 29.7614.160.1261.0260.0140 0

26 'SHERBURNE1' 7123151920 11202 3 00000 00 O 0.0142 02.72 4.28900.52 00 0

29 'RIVERSIDES' 2153151920 11204 150 00000 00 0.0142 0 49.79 00.80 00

27 'SHERBURNE2' 7123151920 11202 5 00000 00 O 0.0143 02.72 4.28900.52 00 0

55 'OAK CREEK83053151920 112061 1685000 00 O 0.0143 1868 7.6 2.56 0.0165 0.183 0.01 00
56 'OAK CREEK72803151920 112061 1685000 00 O 00143 1868 7.62.56 0.0165 0.183 0.01 00
98 'ROCKRIVER274 3151920 11204 570 00000 00 0.0143 2167 30.2119.270.1281.6670.0150 0

58 'OAKCREEK52583151920 112062 2982 000 00 0O 00148 1904 7.75 2.61 0.0168 0.1870.01 00
57 'OAKCREEK62603151920 112062 3 82 000 00 0 0.149 1907 7.76 2.62 0.0168 0.1870.01 00
36 'HIGHBRDGE6' 1693151920 11202 18 00000 00 O 0.0154 0 4.65 6.76700.95 00 0

92 'EDGEWATER3' 70 315192011204 3100000 00 O 0.0158 2383 23.3722.460.1411.146 0.01700
30 'RIVERSIDE7' 1303151920 1120210 0 00000 00 0.0161 0 4.611.262 00.92 00 0

35 'HIGHBRDGES' 93 315192011202 10 00000 00 O 0.0162 0 4.94 7.18301.01 000

74 'PRESQUEIS457 3151920 112011 2412 000 00 O 00162 2250 16.636.50.0160.4260.012 0 0
109 'PULIAM6 ' 67 3151920 112025 0 14 000 00 O 00162 2387 11.0612.6 0.0360.24 0.01200
72 'PRESQUEIS6'85 3151920 112011 2220 000 00 O 00163 2237 16.548.9 0.0159 0.424 0.01200
73 'PRESQUEIS584 3151920 112011 2219 000 00 O 0.0163 2238 16.558.91 0.0159 0.3180.01200
34 'BLACKDOG4'1763151920 1120220 0 00000 00 0.0164 0 6.55 8.41100.33 000

40 'WILMARTH1'11 3151920 11204 10 0 00000 00 0.0165 0 2.81 5.28600.50 00

77 'PRESQUEIS125 3151920 112000 0 00000 00 0.0165 3381 19.2313.460.0240.3210.0180 0

32 'BLACKDOG2'1003151920 1120235 0 00000 00 0.0167 0 6.7 8.6040 0.34 0 00

33 'BLACKDOG3'1103151920 1120215 0 00000 00 0.0167 0 6.72 8.62200.34 00 0

76 'PRESQUEIS2'37 3151920 112000 0 00000 00 0.0167 3028 22.3912.050.0215 1.2920.016 0 O
110 'PULIAM5 ' 52 3151920 112025 0 16 000 00 O 0.0167 2432 11.2712.840.0360.36 0.01200
75 'PRESQUEIS358 3151920 112011 2412 000 00 0 0.017225016.636.50.0160.32 0.0120 0
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'‘BLACKDOG1'78 3151920 11202150 00000
‘WILMARTH2"11 3151920 1120410 0 00000
'GENOA3 '3763151920 11204120 00000
‘MINNVALLEY'48 3151920 1120215 0 00000
'COLUMBIA1'1133151920 112054.115588 00
‘JPM1  "3743151920 11204400 0 00000
'PORTWASH2' 80 315192011200 4 1329 0
'‘CCS(NEW) 1203151920 11202550 00000
'PORTWASH1' 80 315192011200 4 1329 0
'VALLEY2 '62 3151920 11208253.930000
'VALLEY4 '70 3151920 11200254 34000
'‘BAYFRONT6'30 3151920 112047 0 00000
'VALLEY1 '64 3151920 112081 1370000
'PRESQUEIS9'84 3151920 1120011 3 14 000
'PRESQUEIS8'83 3151920 112011 3 14 000
'PRESQUEIS7'81 3151920 112011 3213 000
'VALLEY3 "70 3151920 112001 15 14 000
‘BAYFRONT5'23 3151920 11204 7 00000
'FRENCHIS2' 14 3151920 11202 7 00 000
'FRENCH IS1' 15 3151920 11202 7 00000
'PORTWASH3' 82 3151920 11200 1429 0
‘PULIAM3 ' 26 3151920 11202 18 14 000
'‘BAYFRONT4'20 3151920 11204 7 00 000
‘ALMA1 20 3151920 11201 7.69 00000
'ALMA2 22 3151920 11201 7.69 00 000
‘ALMA3 21 3151920 11201 7.69 00000
'ALMA4 59 3151920 11202 460 00 000
‘ALMAS5 '85 3151920 11202 3.10 00000
'PULIAM4 ' 27 3151920 11202 18 15000
'PORTWASH4' 80 315192011200 4 15290
'BLOUNT6T8B50 3151920 11208 750 00000
‘BLOUNT7T9B49 3151920 112083230 00000
'‘CTS(NEW) '40 3151920 11201350 00000
‘FITCHBURG121 3151920 11201 150 00000
'FITCHBURG221 3151920 11201 150 00000
‘NINESPRNGS' 14 315192011201 15 00000
'SYCAMORE2' 20 315192011201 15 00000
'SYCAMORE1' 14 315192011201 1500000
'WMARINTT3375 3151920 11202430 19 000
‘BLOUNT5&6B38 3151920 11223 0 00000
'‘BLOUNT7B ' 23 3151920 11223 0 00000
‘BLOUNT3&1127 3151920 11223 0 00000
'‘BLACKHAWK4' 28 3151920 11200 4300000
'‘BLACKHAWK3' 27 3151920 11200 4300000
'‘BLOUNT1&2B6 3151920 1120120 0 00000
'WESTON32 '50 3151920 112005 0 14 000
'WMARINTT3240 3151920 112015 0 90000
‘WMARINTT31'40 3151920 112005 0 11000
'ROCKRIVER5'46 3151920 11200430 00000
'‘ROCKRIVER6'44 3151920 11200 430 00000
‘CONCORD4 '83 3151920 112001 0 00000
‘CONCORD3 '83 3151920 112001 0 00000
'CONCORD2 '83 3151920 112001 0 00000
'‘CONCORD1 '83 3151920 112001 0 00000
'PATHFINDER'64 3151920 1120220 0 00000
'WESTON31 '20 3151920 11225 0 50000
'ROCKRIVER4'13 3151920 11200430 00000
‘EAGLERIVR1'4 3151920 112005 0 00000
'OAK CREEK920 3151920 112001 0 00000
'‘ROCKRIVER325 3151920 11200 430 00000
'GERMNTOWN4'53 315192011200 1 00000
‘GERMNTOWN3'53 315192011200 1 00000
‘GERMNTOWN2'53 315192011200 1 00000
‘GERMNTOWN1'53 315192011200 1 00000
0
1

0
0
0
4
0
0
0
0
0
0
0
0

'PNT BEACH5'20 3151920 11200 1 00 000
'PORT WASH6' 18 3151920 11200 00000

00
00
00
00
00

0.0176 0 7.18 9.21800.36 00 0

0.0176 0 2.99 5.63500.53 00 0

0.01769 218314.988.56 0.03 1.61 0.011 00
0.0181 0 10.2%.15 00.53 00 0

0 0 0.0183 220713.894.97 0.0110.5180.01800

0.01883 1831 6.55 4.2.0.03 0.25 0.00800
0 0000199 2167 23.343.75 0.0156 0.4170.166 00

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0.0201 9990 0.24 0.11 00.06400

0 0 00.0203 2237 24.093.87 0.0161 0.43 0.171 00

0 0.0214 2436 26.585.86 0.0222 0.5860.01300
0 0.0216 2436 26.585.86 0.0222 0.5860.01300
0.0223 0 5.94 7.70102.57 00 0

0.0224 2557 27.916.15 0.0234 0.6150.014 0 0
0 0.0227 2392 12.548.05 0.0173 0.23 0.01400
0 0.0227 2392 12.533.05 0.0172 0.23 0.01400
0 0.0227 2392 12.538.05 0.0172 0.23 0.01400
0 0.023243626.585.86 0.0222 0.586 0.01300
0.0232 0 6.25 8.10502.70 00

0.0233 0 1.43 6.53701.28 00 0

0.0236 0 1.46 6.64201.30 00

0 000.0237 2155 32.2 3.73 0.0155 0.4140.165 00

0 0.0242 2543 11.7813.430.0380.25
0.0248 0 6.78 8.79302.93 00 0

0.02493 279726.6412.650.04 0.13 0.01 00
0.02493 279726.6412.650.04 0.13 0.01 00
0.02493 279726.6412.650.04 0.13 0.01 00

0.01300

00.02493 233322.2210.550.03 0.11 0.011 0 O
00.02493 220921.049.99 0.03 0.21 0.011 0 0

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0 0.0253 2672 12.3814.110.04 0.93 0.01300
0 0 00.0267 2492 26.844.31 0.0180.479 0.191
0.0283 2575 15 10 0.13 0.38 000

0.0283 2575 15 10 0.13 0.38 000

0.0292 1525 01.0980.17 0 0.1220 0

0.0309 1584 05.4590.13 13 0 00

0.0309 1588 05.4720.13 0.13 000

0 0.0313 1581 05.4460.13 0.13 00 O

0 0.0328 1699 05.8550.14 0.14 00 O

0 0.0346 1809 06.2320.15 0.15 00 O

0 0.0355 00000000

0.0371 1955 04.6 0.16 00 00

0.0371 3386 57.5313.150.16 0.49 00 O

0.0374 1969 04.6340.17 0 00 0

0 0.03913620.12 17.930.04700.003 0 O

0 0.0404 1418 0.12 16.730.0480 0.0040 O
0.0417 2261 05.32 0.19 0000

0 0.0417 2658 10.4215.360.0390.26
0.0425 0 00 00 00 0

0 0.0427 0 00 00 00 0

0.0433 1452 0.12 51.250.05 0 0.0040 O
0.0436 1463 0.13 51.630.05 0 0.0040 0
0.04716090 1.16 0.1803 0 0.0040 O
0.04716090 1.16 0.1803 0 0.0040 0
0.04716090 1.16 0.1803 0 0.0040 O
0.04716090 1.16 0.1803 0 0.0040 0

0.0481 0 05.11800.12 000

0.0483 3276 12.8418.940.0480.32 0.0320 0
0.0511 1837 0.16 64.830.0630 0.0080 0
0.0552 0 00 00 00 0

0.0557 3296 41.6 13.6 0.16 0.80 00
0.0581 2069 0.18 73.030.0710 0.0050
0 0.06 329641.6 13.6 0.16 0.800
0 0.06 329641.6 13.6 0.16 0.800
0 0.06 329641.6 13.6 0.16 0.800
0 0.06 329641.6 13.6 0.16 0.800
0.0637 3296 41.6 13.6 0.16 0.80 00
0 0.0651 3296 41.6 13.6 0.16 0.80 0 O

0.02600

©o o o o ©

00

Utility Load and Plant Data
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APPENDIX B

TRNSY S Simulations

EDHW System

One Tank SDHW System

Two Tank SDHW System

One Tank SDHW System with SRCC Collector
Two Tank SDHW System with SRCC Collector

Photovoltaic System

Marginal Plant Prediction

Utility Impact Analysis

Quick Economic Anaysis
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EDHW System

* TRNSED

ASSIGN C:\ EUSESI A SYSTEMS\ EDHW LST 6
ASSIGN C:\ EUSESI A SYSTEMS\ EDHW OUT 10
ASSIGN C:\ EUSESI A SYSTEMS\ EDHW PLT 17

ASSIGN C:\ EUSESI A SYSTEMS\ HRDRAW DAT 15

R I I kO kO

*

* This file predicts the required electric input to an electric
* donestic hot water system

*

R I I I S O O O S O o O O kO

*|* Wility Location

ASSIGN c:\ EUSESI A systens\ M_LKWRO1l. DAT 14

*|< Gty in which utility is located in | G\ EUSESI A\ SYSTEMS\
Cl TI ES. DAT| 1] 2| 99

ASSIGN c:\ EUSESI A systens\ M.KMAI N. DAT 16

*|< Gty in which utility is located in | G\ EUSESI A\ SYSTEMS\
Cl TI ES. DAT| 0] 4| 99

*l*

***  SYSTEM PARAMETERS ***

EQUATIONS 6
TSET = 60
TENV = 18
TI =6.9

*

* Determine the required draw fromthe tank. The follow ng equations
* account for the tenpering valve. They result froma sinplified mass
* and energy bal ance where Cp is assuned constant.

TDI FF = MAX( 0. 000001, ([4,3]-[39,1]))

TNKDRW = M N(1, (( TSET-[ 39, 1] )/ TDI FF))

MLQAD = [ 29, 1] * TNKDRW

***  ELECTRI C HOT WATER TANK *kx

* Volune: 80 gallon tank -> .3028 n8B;

* Height: 4.89 ft -> 1.4905 m

* Rvalue: 16.7 (hr-ft2-F/ Btu) -> 2.6469 (hr-m2-C/kJ); ULOSS=1/R
* .1585(hr-m2-C/ kJ)/ (hr-ft2- F/ Bt u)

*|* Tank Paraneters

EQUATI ONS 7

TNKSI ZE = 8. 0000E+0001

*| Tank size | gal | gal | 0] 1] 0] 1000. 00| 3
TSI ZE = . 0037854* TNKSI ZE

HElI GHT1 = 4. 8900E+0000

*| Tank hei ght | ft]ft| O] 1] 0] 0030. 00| 3
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102 TRNSY'S Simulations
HEI GHT = . 3048* HEI GHT1

RVAL = 1.6700E+0001

*| Insul ation R-Val ue | hr-ft2-F/ Btu| hr-ft2-

F/ Bt u| O] 1| 0] 1000. 00| 3

RVAL1 = RVAL *.0489194

ULCSS = 1/ RVAL1L

*l*

** More Tank Paraneters
EQUATI ONS 4

HGT = - HElI GHT

NODES = 3

Tdbnd = 0.0

Qrax = 4.5*3600

*|* Daily Water Draw

EQUATI ONS 3
FACTOR = 3. 7853
MLTPLY = 6. 9000E+0001

*| Average daily water draw (69 gal/day standard)

| gal / day| gal / day| O| 1] 0| 100. 0] 3

SCALE = FACTOR*M.TPLY/ 69

* Standard draw based on approxi mately 69 gal/day. MTPLY allows the
* user to scale the draw as seen fit. By setting the value to 69 the
* draw remains the sane.

*l*

**% S| MULATI ON PARAVETERS ***
EQUATI ONS 4

START = 1

START1 = START- 48

STOP = 8760

step = .1

** Calculate the critical tinmestep for the system

** Use STEP < t_critical as a safety factor

** Cal cul ati on done assumi ng an instantaneous draw wil |
**  pbe no nore than 10 gal/hr

* EQUATI ONS 5

* MASSTANK = TNKSI ZE* FACTOR

*MLOADMAX = 10* FACTOR

*TCRI T = ( MASSTANK/ NODES) / MLOADVAX

*STEP1 = TCRIT/ 2

*STEP = M N(STEP1, 1)

SI MULATI ON START1 STOP STEP
LIMTS 120 120 120
TCLERANCES 0. 001 0. 001
WDTH = 120

UNIT 29 TYPE 9 DATA READER FOR WATER DRAWS
PARAMETERS 7
* MODE N DI DRAW MULT ADD LU FRMI
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2 1 1 -1 SCALE 0 15 O
* QUTPUTS: 1, DRAW (kg/ hr)

UNIT 39 TYPE 9 DATA READER FOR MAI NS TEMPERATURES

PARAVETERS 8
* MODE N dT(HRS) TMAINS LU FRMI
2 1 24 -110 16 0

* QUTPUTS: 1, TMAINS

UNIT 4 TYPE 4 SCLAR STORAGE TANK
PARAMETERS 20

*MODE VOL  CPF RHO  UT HI AUXMOD  NODEL  NODETI
1 TSIZE 4.19 1000 ULOSS HGT 1 1 1
*TSET DIDB  QAUX1 NODE2 NODET2 TSET2 DIDB2  QAUX2
TSET  Tdbnd QVAX 1 1 TSET 0 QVAX
*UAFLUE  TFLUE TBOL

0.0 TENV 100

| NPUTS 5

* TH M TL M TENV

0,0 0,0 39,1 MOAD 0,0

0.0 0.0 TI 0.0 TENV

DERI VATI VES NODES

TSET TSET TSET TSET TSET TSET TSET TSET TSET

*UNI'T 4 QUTPUTS:

*OUTPUTS: 1, Trtn 2, mrtnCOLL 3, Tload 4, mload 5, Qenv, |l oss 6,
* 7, dEt ank 8, Qaux1

UNIT 24 TYPE 24 | NTEGRATOR
PARAVETERS 1
*DI' RESET
1
I NPUTS 1
4,8
0.0

EQUATI ONS 1
* Electric input required (auxiliary heater + collector punp power)
QAUX = ([24,1])/3600

*|* Display Options

EQUATI ONS 2

| REF = 1/ STEP

SWTCH = 1

*| On-line graphic display (1=yes, 2=no) |110]1]1]2]3

UNIT 65 TYPE 65 ON-LINE PRI NTER
PARAMETERS 15
*NTOP NBOT YMNL YMAXI YMN2 YMAX2 IREF TUP UNTS
1 0 0 5 0 200 | REF 1 3
*NPIC GRID STOP SYMBOLS OUTPUT ON OFF
1 7 0 2 0 SW TCH



104 TRNSY S Simulations
| NPUTS 1

QAUX

Qaux

LABELS 4

kwh  kwh

Aver age System Dermand
None

UNIT 25 TYPE 25 PRI NTER
PARAVETERS 4
* DI TON TOFF LU
1 START STOP 10
I NPUTS 1
QAUX
ELCDVD

UNIT 26 TYPE 25 plotter
PARAVETERS 4
* DI TON TOFF LU
1 START STOP 17
I NPUTS 1
QAUX
ELCDVD

END



TRNSY S Simulations

OneTank SDHW System

* TRNSED

ASSIGN C.\ EUSESI A SYSTEMS\ SDHWLTNK. LST 6
ASSIGN C.\ EUSESI A SYSTEMS\ SDHWLTNK. OUT 10
ASSIGN C.\ EUSESI A SYSTEMS\ SDHWLTNK. PLT 22
ASSIGN C.\ EUSESI A SYSTEMS\ HRDRAW DAT 15

EE R O ok O S O I O I Rk O O O

* This file predicts the required electric input to a solar *

* domestic hot water system

EE R O kO S O I O I

*|* Wility Location
ASSIGN c:\ EUSESI A systens\ M_LKWRO1l. DAT 14

*|< Gty in which utility is located in | G\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT| 1] 2| 99
EQUATI ONS 1
LAT = 4.2950E+0001

*|< Gty in which utility is located in | G\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT| 0] 3] 99
ASSIGN c:\ EUSESI A systens\ M.KMAI N. DAT 16

*< Gty in which utility is located in | G\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT]| 0] 4] 99

*l*

***  SYSTEM PARAMETERS ***

EQUATIONS 6
TSET = 60
TENV = 18
TI =6.9

*

* Determine the required draw fromthe tank. The follow ng equations
* account for the tenpering valve. They result fromsinplified nass
* and energy bal ances where Cp is assuned constant.

TDI FF = MAX( 0. 000001, ([4,3]-[39,1]))

TNKDRW = M N(1, (( TSET-[39, 1])/ TDI FF))

MLQAD = [ 29, 1] * TNKDRW

*

*Ax STANDARD ELECTRI C HOT WATER TANK *Ax

* Volunme: 80 gallon tank -> .3028 n8;

* Height: 4.89 ft -> 1.4905 m

* Rvalue: 16.7 (hr-ft2-F/ Btu) -> ULCSS=1/R

* .0489194(hr -m2-C/ kJ)/ (hr-ft 2-F/ Bt u)

*|* Tank Paraneters
EQUATI ONS 7
TNKSI ZE = 8. 0000E+0001

*| Tank size | gal | gal | O] 1] 0] 1000. 00| 3

TSI ZE = . 0037854* TNKSI ZE
HEl GHT1 = 4. 8900E+0000
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106 TRNSY'S Simulations
*| Tank hei ght | ft]ft] O] 1] 0] 0030. 00| 3

HEI GHT = . 3048* HEI GHT1

RVAL = 1.6700E+0001

*| Insul ation R-Val ue | hr-ft2-F/ Btu| hr-ft2-

F/ Bt u| 0] 1] 0] 1000. 00| 3

RVAL1 = RVAL *.0489194

ULCSS = 1/ RVAL1L

*l*

EQUATI ONS 3
NODES = 3
Tdbnd = 0.0

Qrax = 4.5*3600

*|* Solar Collector Paraneters

EQUATI ONS 7

COL = 1. 0000E+0000

*| Nunber of collectors in array |]1]0] 1] 1] 000100]| 3

AREA1 = 6. 0000E+0001

*| Area of a single collector | ft2|ft2] 0] 1| 0] 100. 00| 3

AREA = COL* AREAL1*. 0929

FRta = 7.0000E-0001

*| FRta of collector (Intercept efficiency) [ 1]0] 1] 0] 001. 00| 3

FRUL1 = 7.4900E- 0001

*| FRUL of collector (- slope of eff. curve) |Btu/hr-ft2-F Btu/hr-ft2-

F| O] 1| 0] 10. 000| 3

FRUL = 20.4418*FRUL1

SLOPE = 2. 3000E+0001

*| Collector slope | degr ees| degr ees| 0| 1] 0] 0090. 0| 3

*l*

*|* Heat Exchanger Paraneters

EQUATI ONS 3

EFF = - 1. 0000E+0000

*| Heat exchanger effectiveness (-1 => no hx) ||]|O]1]-1]01.000|3
CPHL = 5.7700E-0001

*| Specific heat of collector side fluid | Btu/ I bm R Bt u/ | bm

Rl 0] 1| 0] 10. 000 3
CPHOT = 4. 1868* CPHL

*l*

*|* Punp Paraneters

EQUATI ONS 2

PMPPOW = 50

*| Punpi ng power | WW O] 1] 0] 10000. 0] 3
PPUMP = PMPPOW 3. 6

*l*

*|* Daily Water Draw

EQUATI ONS 3
FACTOR = 3. 7853
MLTPLY = 6. 9000E+0001

*| Average daily water draw (69 gal/day standard)
| gal / day| gal / day| 0| 1| 0] 100. 0] 3
SCALE = FACTOR*M.TPLY/ 69
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* Standard draw based on approximately 69 gal/day. MTPLY allows the

* user to scale the draw as seen fit. By setting the value to 69 the

* draw remains the sane.

*l*

*%% S| MULATI ON PARAVETERS ***
EQUATI ONS 4

START = 1

START1 = START- 48

STOP = 8760

step = .1

EQUATI ONS 5

RHOG=2. 0000E- 01

STRTDAY = | NT( START1/ 24)
GAMVAI =0. 0000E+0

SC=4871

SHI FT=0. 0

** Calculate the critical tinmestep for the system
** Use STEP < t_critical as a safety factor

** Cal cul ati on done assumi ng an instantaneous draw wil |
**  pe no nore than 10 gal/hr

* EQUATI ONS 6

*MASSTANK = TNKSI ZE* FACTOR

*MOOLL = 325

*MLOADMVAX = 10* FACTOR

*TCRI T = ( MASSTANK/ NODES) / ( MCOLL+M._OADVAX)

*STEP1 = TCRIT/ 2

*STEP = M N(STEP1, 1)

SI MULATI ON START1 STOP STEP
LIMTS 120 120 120
TCOLERANCES 0. 001 0. 001

W DTH 72

UNIT 19 TYPE 9 DATA READER FOR WEATHER
PARAMETERS 14
* MODE N dT(HOURS) DUMHOURS  Tdb(C) I (kJ/me- hr)

-2 3 1 -110 -210 -310
* LU FRMT
14 0

*QUTPUTS: 2, Tdb 3,1

UNIT 29 TYPE 9 DATA READER FOR WATER DRAWS
*WATER DRAWS: (GAL/HR) - CONVERT TO KGE HR
* USE FACTOR 3. 7853, FURTHER SCALI NG DONE W TH M.TPLY/ 69

PARAVETERS 8
* MODE N STEP DRAWS MULT ADD LU FRMI
-2 1 1 -1 SCALE 0. 15 0

*QUTPUTS: 1, DRAW KG HR)
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UNIT 39 TYPE 9 DATA READER FOR MAI NS WATER TEMPERATURE
* CHANGES MONTHLY BUT READ I N DAILY (24 HOURS) FROM F- CHART FILE
PARAMIERS 8
* MODE N dT(HOURS) TMAINS LU FRMT
-2 1 24 110 16 O
*QUTPUTS: 1, TMAINS

UNIT 16 TYPE 16 RADI ATI ON PROCESSCR

PARAVETERS 8
* RADMODE TRACKMODE TI LTMODE DAY LAT SC SH FT SMOOTH
3 1 1 STRTDAY LAT SC SH FT 2
| NPUTS 6
* | (kd/nR-hr) tdl td2 RHOG BETAL GAMMAI | Next (I F SMOOTH=1)
19,3 19,19 19,20 RHOG SLOPE GAMVAI 19, 23
0.0 0.0 0.0 RHOG SLOPE GAMVAI 0.0

*QUTPUTS: 1,10 2, THETAz 3, GAMMAs 4,1 5,1d 6,1T1 7,1bT1 8,1dT1 9, THETAL
* 10, BETAL 11,1T1

UNNT 1 TYPE 1 COLLECTCOR

PARAMETERS 14

* MODE N AREA Op EFFMD G ao al a2 EFF CpHX OPTMD bo bl
1 1 AREA 4.19 1 50 FRta FRUL 0. EFF CPHOT 1 0.10.0

I NPUTS 10

* Ti  mCOLL(kg/ hr) nHX Tanb It | Id RHOG THETA BETA( SLOPE)
3,1 3,2 3,2 19,2 16,6 16,4 16,5 0,0 16,9 16, 10
TI 0.0 0.0 20.0 0.0 0.0 0.0 RHOG 0.0 40.0

*OUPUTS: 1, To 2,np 3, Quai n(KJ/HR) 4, Tco

EQUATI ONS 2
DEADH = 0
DEADL = 0

UNIT 2 TYPE 2 PUVP CONTROLLER
PARAMETERS 4
* NSTK dThi gh dTlow Tmax

11 DEADH DEADL 100

I NPUTS 4

* Th Tl TIN GAWMAI
1,4 4,1 0,0 2,1
15. TI 100 0.

*QUTPUTS: 1, GAMMAO ( CONTROL FUNCTI ON)

UNIT 3 TYPE 3 PUWP

PARAVETERS 4
* mvVAX Cp Prrax ( KJ/ HR) f par
325. 4.19 PPUMP 0.
| NPUTS 3
* i m GAMVA
4,1 4,2 2,1
TI 0.0 0.0

*QUTPUTS: 1, To 2, nmo 3, Ppunp
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EQUATI ONS 1
HGT = - HEl GHT

UNIT 4 TYPE 4 SOLAR STORAGE TANK
PARAVETERS 20
* MODE \YoR CPF RHO ur Hi AUXMOD NODE1 NODETI
2 TSIZE 4.19 1000 ULGCSS HGr 1 1 1
*TSET DTDB QAUX1 NODE2 NODET?2 TSET2 DTDB2 QAUX2
TSET 0 QVAX 1 1 TSET 0 0.0
* UAFLUE TFLUE TBA L
0.0 TENV 100
| NPUTS 5
* TH MH TL ML TENV
1,1 1,2 39,1 MQAD 0,0
0.0 0.0 TI 0.0 TENV
DERI VATI VES NCODES
TSET TSET TSET TSET TSET TSET TSET TSET TSET
*UNIT 4 QUTPUTS:
*OQUTPUTS: 1, Trtn 2, mrtnCOLL 3, Tload 4, mload 5, Qenv, |l oss 6,
* 7, dEt ank 8, Qaux1

UNIT 24 TYPE 24 | NTEGRATOR
PARAVETERS 1
*DI' RESET

1
I NPUTS
4,8 3,
0.0 O

o wnN

EQUATI ONS 2

* Electric input required (auxiliary heater + collector punp power)
ELECDWND = ([ 24, 1] +[ 24, 2])/ 3600

QAUX = ([24,1])/3600

UNIT 25 TYPE 25 PRI NTER
PARAMETERS 4
* DT TON TOFF LU
1 START STOP 10
I NPUTS 1
el ecdmd
el cdnd

UNIT 26 TYPE 25 plotting PRI NTER
PARAMETERS 4
* DT TON TOFF LU
1 START STOP 22
I NPUTS 1
el ecdmd
el cdnd

*|* Display Options
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EQUATI ONS 2

| REF = 1/ ( STEP+. 00001)

SWTCH = 1. 0000E+0000

*| On-line graphic display (1=yes, 2=no) |110]1]1]2]3

UNIT 65 TYPE 65 ON-LINE PRI NTER
PARAMETERS 15
*NTOP NBOT YM NI YMAXI YMN2 YMAX2 |REF [TUP UNTS

2 1 0 5 0 80 | REF 1 3
*NPIC GRID STOP SYMBOLS OQUTPUT ON OFF
1 7 0 2 0 SW TCH
I NPUTS 3

QAUX ELECDMND M.OAD
Qaux El ecDmd MIANK
LABELS 4

kW kg/ hr

Aver age System Dermand
Tank Draw

END
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Two Tank SDHW System

* TRNSED

ASSIGN C.\ EUSESI A SYSTEMS\ SDHW2TNK. LST 6
ASSIGN C.\ EUSESI A SYSTEMS\ SDHW2TNK. OUT 10
ASSIGN C.\ EUSESI A SYSTEMS\ SDHW2TNK. PLT 22
ASSIGN C.\ EUSESI A SYSTEMS\ HRDRAW DAT 15

Rk O S S S O S O O O R O O S O

* This file predicts the required electric input to a two tank *

* sol ar domestic hot water system

R I ko O R o O o Rk O

*|* Wility Location
ASSIGN c:\ EUSESI A systens\ M_LKWRO1l. DAT 14

*|< Gty in which utility is located in | G\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT| 1] 2| 99
EQUATI ONS 1
LAT = 4.2950E+0001

*< Gty in which utility is located in | C:\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT| 0] 3] 99
ASSIGN c:\ EUSESI A systens\ M.KMAI N. DAT 16

*|< Gty in which utility is located in | C:\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT]| 0] 4] 99

*l*

***  SYSTEM PARAMETERS ***

EQUATI ONS 6
TSET = 60
TENV = 18
TI =6.9

*

* Determine the required draw fromthe tank. The follow ng equations
* account for the tenpering valve. They result fromsinplified nass
* and energy bal ances where Cp is assuned constant.

TDI FF = MAX(0.000001, ([4,3]-[39,1]))

TNKDRW = M N(1, (( TSET-[39, 1])/ TDI FF))

MLQAD = [ 29, 1] * TNKDRW

*

*Ax STANDARD ELECTRI C HOT WATER TANK *Ax

* Volunme: 80 gallon tank -> .3028 n8;

* Height: 4.89 ft -> 1.4905 m

* Rvalue: 16.7 (hr-ft2-F/ Btu) -> ULCSS=1/R

* . 0489194( hr -nm2-C/ kJ)/ (hr-ft2-F/ Btu)

*|* Solar Storage Tank Paraneters
EQUATI ONS 7
TNKSI ZES = 8. 0000E+0001

*| Tank size | gal | gal | 0] 1] 0] 1000. 00| 3

TSI ZES = . 0037854* TNKSI ZES
HElI GHT1S = 4. 8900E+0000
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*| Tank hei ght |ft]ft]O] 1] 0] 0030.00|3

HEI GHTS = . 3048* HElI GHT1S

RVALS = 1.6700E+0001

*| Insul ation R-Value | hr-ft2-F/ Btu| hr-ft2-

F/ Bt u| O] 1| 0] 1000. 00| 3

RVALS1 = RVALS *. 0489194

ULCSSS = 1/ RVALS1

*l*

*|* Auxiliary Tank Paraneters

EQUATI ONS 7

TNKSI ZEA = 8. 0000E+0001

*| Tank size | gal | gal | O] 1] 0] 1000. 00| 3
TSI ZEA = . 0037854* TNKSI ZEA

HEI GHT1A = 4. 8900E+0000

*| Tank hei ght | ft]ft] O] 1] 0] 0030.00]|3
HEI GHTA = . 3048* HElI GHT1A

RVALA = 1. 6700E+0001

*| Insul ation R-Value | hr-ft2-F/ Btu| hr-ft2-
F/ Bt u| O] 1] 0] 1000. 00| 3

RVALAL = RVALA *.0489194

ULCSSA = 1/ RVALA1

*l*

** Other tank parameters. S -> solar, A -> auxiliary

EQUATI ONS 4
NODES = 3
NODEA = 3
Tdbnd = 0.0

Qrax = 4.5*3600

*|* Solar Collector Paraneters

EQUATI ONS 7

COL = 1. 0000E+0000

*| Nunber of collectors in array | ]]0] 1] 0] 000100]| 3

AREA1 = 6. 0000E+0001

*| Area of a single collector | ft2|ft2] 0] 1| 0] 100. 00| 3

AREA = AREA1*. 0929

FRta = 7.0000E-0001

*| FRta of collector (Intercept efficiency) [ 1]0] 1] 0] 001. 00| 3

FRUL1 = 7.4900E- 0001

*| FRUL of collector (- slope of eff. curve) |Btu/hr-ft2-F Btu/hr-ft2-

F| O] 1| 0] 10. 000| 3

FRUL = 20.4418*FRUL1

SLOPE= 2. 3000E+0001

*| Collector slope | degr ees| degr ees| 0| 1] 0] 0090. 0| 3

*l*

*|* Heat Exchanger Paraneters

EQUATI ONS 3

EFF = - 1. 0000E+0000

*| Heat exchanger effectiveness (-1 => no hx) ||]|O]1]-1]01.000|3
CPHL = 5. 7700E-0001

*| Specific heat of collector side fluid | Btu/l bm R Bt u/ | bm

Rl 0] 1| 0] 10. 000 3
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CPHOT = 4. 1868* CPH1

*l*

*|* Punp Paraneters

EQUATI ONS 2

PMPPOW = 50

*| Punpi ng power | WWO| 1] 0] 10000. 0] 3
PPUMP = PMPPOW 3. 6

*l*

*|* Daily Water Draw

EQUATI ONS 3
FACTOR = 3. 7853
M.TPLY = 6. 9000E+0001

*| Average daily water draw (69 gal/day standard)

| gal / day| gal / day| 0| 1| 0] 100. 0] 3

*l *

SCALE = FACTOR*M.TPLY/ 69

* Standard draw based on approxi mately 69 gal/day. MTPLY allows the
* user to scale the draw as seen fit. By setting the value to 69 the
* draw remains the sane.

*%% S| MULATI ON PARAVETERS ***
EQUATI ONS 4

START = 1

START1 = START- 48

STOP = 8760

STEP = .1

EQUATI ONS 5

RHOG=2. 0000E- 01

STRTDAY = | NT( START1/ 24)
GAMVAI =0. 0000E+0

SC=4871

SHI FT=0. 0

** Calculate the critical timestep for the system
** Use STEP < t_critical as a safety factor

** Cal cul ati on done assumi ng an instantaneous draw wil |
**  pbe no nore than 10 gal/hr

* EQUATI ONS 10

* MASSTANKS = TNKSI ZES* FACTOR

*MOOLL = 325

*MLOADMVAX = 10* FACTOR

*TCRI TS = ( MASSTANKS/ NODES) / ( MCOLL+M_OADNMAX)
*STEPS = TCRI TS/ 2

*

* MASSTANKA = TNKSI ZEA* FACTOR

*TCRI TA = ( MASSTANKA/ NODEA) / MLOADVAX

*STEPA = TCRI TA/ 2

*

*STEP1 = M N( STEPS, STEPA)

*STEP = M N(STEP1, 1)
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S| MULATI ON START1 STOP STEP

LIMTS 120 120 120

TOLERANCES 0. 001 0.001

W DTH 72

UNIT 19 TYPE 9 DATA READER FOR WEATHER
PARAMETERS 14
* MODE N dT(HOURS) DUMHOURS  Tdb(C) I (kJ/me- hr)

-2 3 1 -110 -210 -310
* LU FRMT
14 0

*QUTPUTS: 2, Tdb 3,1

UNIT 29 TYPE 9 DATA READER FOR WATER DRAWS
*WATER DRAWS: (GAL/HR) - CONVERT TO KGE HR
* USE FACTOR 3. 7853

PARAVETERS 8
* MODE N STEP DRAWS MULT ADD LU FRMI
-2 1 1 -1 SCALE 0. 15 0

*QUTPUTS: 1, DRAW KG HR)

UNIT 39 TYPE 9 DATA READER FOR MAI NS WATER TEMPERATURE
* CHANGES MONTHLY BUT READ I N DAILY (24 HOURS) FROM F- CHART FILE
PARAMIERS 8
* MODE N dT(HOURS) TMAINS LU FRMT
-2 1 24 110 16 O
*QUTPUTS: 1, TMAINS

UNIT 16 TYPE 16 RADI ATI ON PROCESSCR

PARAVETERS 8
* RADMODE TRACKMODE TILTMODE DAY LAT SC SH FT SMOOTH
3 1 1 STRTDAY LAT SC SHFT 2
| NPUTS 6
* | (kd/nR-hr) tdi td2 RHOG  BETAL GAMMVAI | Next (1 F SMOOTH=1)
19,3 19,19 19,20 RHOG  SLOPE  GAMVAI 19,23
0.0 0.0 0.0 RHOG  SLOPE  GAMWAI 0.0

*QUTPUTS: 1,10 2, THETAz 3, GAMMAs 4,1 5,1d 6,1T1 7,1bT1 8,1dT1 9, THETAL
* 10, BETAL 11,1T1

UNNT 1 TYPE 1 COLLECTCOR

PARAMETERS 14

* MODE N AREA (Cp EFFMD G ao al a2 EFF CpHX OPTMD bo bl
1 1 AREA 4.19 1 50 FRta FRUL 0. EFF CPHOT 1 0.10.0

I NPUTS 10

* Ti  mCOLL(kg/ hr) nHX Tanb It | Id RHOG THETA BETA( SLOPE)
3,1 3,2 3,2 19,2 16,6 16,4 16,5 0,0 16,9 16, 10
TI 0.0 0.0 20.0 0.0 0.0 0.0 RHOG 0.0 40.0

*OUPUTS: 1, To 2,np 3, Quai n(KJ/HR) 4, Tco

EQUATI ONS 2
DEADH = 0
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DEADL = 0

UNIT 2 TYPE 2 PUVP CONTROLLER
PARAMVETERS 4
* NSTK dThi gh dTlow Tmax

11 DEADH DEADL 100

I NPUTS 4

* Th Tl TIN GAWMAI
1,4 5,1 0,0 2,1
15. TI 100 0.

*QUTPUTS: 1, GAMMAO ( CONTROL FUNCTI ON)

UNIT 3 TYPE 3 PUWP

PARAVETERS 4
* mvVAX Cp Prrax ( KJ/ HR) f par
325. 4.19 PPUMP 0.
| NPUTS 3
* i m GAMVA
51 5,2 2,1
TI 0.0 0.0

*QUTPUTS: 1, To 2, nmo 3, Ppunp

EQUATI ONS 2
HGTA = - HEl GHTA
HGTS = - HEl GHTS

UNIT 5 TYPE 4 SOLAR STORAGE TANK
PARAMETERS 20

*MODE VAL CPF RHO ur HI
2 TSIZES 4.19 1000 ULCSSS HGTS
*TSET DTDB  QAUX1 NODE2 NODET2
TSET 0 0.0 1 1
*UAFLUE TFLUE TBA L
0.0 TENV 100
| NPUTS 5
*TH M TL M. TENV
1,1 1,2 39,1 MOAD 0,0
0.0 0.0 TI 0.0 TENV

DERI VATI VES NCDES

AUXMOD  NCDE1L

1
TSET2
TSET

TSET TSET TSET TSET TSET TSET TSET TSET TSET

*QUTPUTS: 1, Trtn 2, mrtnCOLL 3, Tload 4, m|oad 5, Qenv, | 0ss

* 7, dEt ank 8, Qaux1

UNIT 4 TYPE 4 AUXI LI ARY TANK
PARAMETERS 20

*MODE ~ VOL CPF RHO  UT HI
2  TSIZEA 4.19 1000 ULCSSA HGTA
*TSET DTDB  QAUXL NODE2  NODET2
TSET 0 QVAX 1 1
*UAFLUE  TFLUE TBOL
0.0 TENV 100
| NPUTS 5

*TH M TL M TENV
0,0 0,0 5,3 54 0,0

1
DTDB2
0

AUXMOD  NCDE1L

1
TSET2
TSET

1
DTDB2
0

NODETI
1
QAUX2

0.0

NODETI

QAUX2
0.0
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0.0 0.0 TI 0.0 TENV

DERI VATI VES NCDEA

TSET TSET TSET TSET TSET TSET TSET

*UNI T 4 QUTPUTS:

*OUTPUTS: 1, Trtn 2, mrtnCOLL 3, Tload 4, mload 5, Qenv, |l oss 6,

* 7, dEt ank 8, Qaux1

UNIT 24 TYPE 24 | NTEGRATOR
PARAMETERS 1
*DI' RESET

1
I NPUTS
4,8 3,
0.0 O

o wN

EQUATI ONS 2

* Electric input required (auxiliary heater + collector punp power)
ELECDWND = ([ 24, 1] +[ 24, 2])/ 3600

QAUX = ([24,1])/3600

UNIT 25 TYPE 25 PRI NTER
PARAMETERS 4
* DT TON TOFF LU
1 START STOP 10
| NPUTS 1
el ecdmd
el cdnd

UNIT 26 TYPE 25 plotting PRI NTER
PARAMETERS 4
* DT TON TOFF LU
1 START STOP 22
| NPUTS 1
el ecdmd
el cdnd

*|* Display Options

EQUATI ONS 2

| REF = 1/ STEP

SWTCH = 1. 0000E+0000

*| On-line graphic display (1l=yes, 2=no) [110]1] 123

UNIT 65 TYPE 65 ON-LINE PRI NTER
PARAMETERS 15
*NTOP NBOT YM NI YMAXI YMN2 YMAX2 |REF [TUP UNTS

2 1 0 5 0 80 | REF 1 3
*NPIC GRID STOP SYMBOLS OUTPUT ON OFF
1 7 0 2 0 SW TCH
| NPUTS 3

QAUX ELECDWMND M.OAD
Qaux ElecDmd MIANK
LABELS 4
kW kg/ hr
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Aver age System Denand
Tank Draw

END



118
One Tank System with SRCC Collector

* TRNSED

ASSIGN C:\ EUSESI A SYSTEMS\ SRCCLTNK. LST 6
ASSIGN C:\ EUSESI A SYSTEMS\ SRCCLTNK. QUT 10
ASSIGN C:\ EUSESI A SYSTEMS\ SRCCLTNK. PLT 22
ASSIGN C:\ EUSESI A SYSTEMS\ HRDRAW DAT 15

EE R O ok O S O I O R O O O O O

* This file predicts the required electric input to a solar *

* domestic hot water system

EE R O Sk O S O I I kS O O O

*|* Wility Location
ASSIGN c:\ EUSESI A systens\ M_LKWRO1l. DAT 14

TRNSY S Simulations

*|< Gty in which utility is located in | C:\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT| 1] 2| 99
EQUATI ONS 1
LAT = 4.2950E+0001

*|< Gty in which utility is located in | G\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT| 0] 3] 99
ASSIGN c:\ EUSESI A systens\ M.KMAI N. DAT 16

*|< Gty in which utility is located in | C:\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT]| 0] 4] 99

*l*

***  SYSTEM PARAMETERS ***

EQUATIONS 6
TSET = 60
TENV = 18
TI =6.9

*

* Determine the required draw fromthe tank. The follow ng equations
* account for the tenpering valve. They result fromsinplified nass

* and energy bal ances where Cp is assunmed constant.

TDI FF = MAX( 0. 000001, ([4,3]-[39,1]))

TNKDRW = M N(1, (( TSET-[39, 1])/ TDI FF))

MLQAD = [ 29, 1] * TNKDRW

*

*Ax STANDARD ELECTRI C HOT WATER TANK *Ax

* Volunme: 80 gallon tank -> .3028 n8;

* Height: 4.89 ft -> 1.4905 m

* Rvalue: 16.7 (hr-ft2-F/ Btu) -> ULCSS=1/R

* .0489194(hr -m2-C/ kJ)/ (hr-ft 2-F/ Bt u)

*|* Tank Paraneters
EQUATI ONS 7
TNKSI ZE = 8. 0000E+0001

*| Tank size | gal | gal | 0] 1] O] 1000. 00| 3

TSI ZE = . 0037854* TNKSI ZE
HEl GHT1 = 4. 8900E+0000
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*| Tank hei ght | ft]ft] O] 1] 0] 0030. 00| 3

HEI GHT = . 3048* HEI GHT1

RVAL = 1.6700E+0001

*| Insul ation R-Val ue | hr-ft2-F/ Btu| hr-ft2-

F/ Bt u| O] 1| 0] 1000. 00| 3

RVAL1 = RVAL *.0489194

ULCSS = 1/ RVAL1L

*l*

EQUATI ONS 3
NODES = 3
Tdbnd = 0.0

Qrax = 4.5*3600

*|* SRCC Rated Sol ar Col |l ector Paraneters

EQUATI ONS 9

AREA1 = 2.9100E+0001

*| < SRCC rated col | ector | G\ EUSESI A SYSTEMS\
SRCC. DAT| 1| 2| 99

AREA = AREA1*. 0929

FRta = 8.7100E-0001

*| < FRta of collector (Intercept efficiency) |C\ EUSESI A SYSTEMS\
SRCC. DAT| O] 3| 99

FRUL1 = 3. 7350E+0000

*| < FRUL of collector (- slope of eff. curve) |C\ EUSESI A SYSTEMS\
SRCC. DAT| O] 4| 99

FRUL = 20.4418*FRUL1

BO = 3.1600E 0002

*| < 1st order inc ang nodifier coeff (-9S) | C:\ EUSESI A\ SYSTEMS\
SRCC. DAT| 0] 5] 99

Bl = 1.0400E 0002

*| < 2nd order inc ang nodifier coeff (-S2) | G\ EUSESI A\ SYSTEMS\
SRCC. DAT| O] 6] 99

COL = 1. 0000E+0000

*| Nunber of collectors in array | ]]0] 1] 0] 000100]| 3
SLOPE= 2. 3000E+0001
*| Collector slope | degr ees| degr ees| 0| 1] 0] 0090. 0| 3

*l*

*|* Heat Exchanger Paraneters

EQUATI ONS 3

EFF = - 1. 0000E+0000

*| Heat exchanger effectiveness (-1 => no hx) ||]|O]1]-1]01.000|3
CPHL = 5.7700E-0001

*| Specific heat of collector side fluid | Btu/l bm R Bt u/l bm

Rl 0] 1] 0] 10. 000 3
CPHOT = 4. 1868* CPHL

*l*

*|* Punp Paraneters

EQUATI ONS 2

PMPPOW = 50

*| Punmpi ng power | WWO| 1] 0] 10000. 0] 3
PPUMP = PMPPOW 3. 6

*l*
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*|* Daily Water Draw

EQUATI ONS 3
FACTOR = 3. 7853
MLTPLY = 6. 9000E+0001

*| Average daily water draw (69 gal/day standard)

| gal / day| gal / day| 0| 1| 0] 100. 0] 3

*l *

SCALE = FACTOR*M.TPLY/ 69

* Standard draw based on approxi mately 69 gal/day. MTPLY allows the
* user to scale the draw as seen fit. By setting the value to 69 the
* draw remains the sane.

*%% S| MULATI ON PARAVETERS ***
EQUATI ONS 4

START = 1

START1 = START- 48

STOP = 8760

STEP = .1

EQUATI ONS 5

RHOG=2. 0000E- 01

STRTDAY = | NT( START1/ 24)
GAMVAI =0. 0000E+0

SC=4871

SHI FT=0. 0

** Calculate the critical tinestep for the system
** Use STEP < t_critical as a safety factor

** Cal cul ati on done assumi ng an instantaneous draw wil |
**  pe no nore than 10 gal/hr

* EQUATI ONS 6

*MASSTANK = TNKSI ZE* FACTOR

*MOOLL = 325

*MLOADMAX = 10* FACTOR

*TCRI T = ( MASSTANK/ NODES) / ( MCOLL+M._OADVAX)

*STEP1 = TCRIT/ 2

*STEP = M N(STEP1, 1)

SI MULATI ON START1 STOP STEP
LIMTS 120 120 120
TCOLERANCES 0. 001 0. 001

W DTH 72

UNIT 19 TYPE 9 DATA READER FOR WEATHER
PARAMETERS 14
* MODE N dT(HOURS) DUMHOURS  Tdb(C) I (kJ/me- hr)

-2 3 1 -110 -210 -310
* LU FRMT
14 0

*QUTPUTS: 2, Tdb 3,1

UNIT 29 TYPE 9 DATA READER FOR WATER DRAWS
*WATER DRAWS: (GAL/HR) - CONVERT TO KGE HR
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* USE FACTOR 3. 7853

PARAVETERS 8
* MODE N STEP DRAWS MULT ADD LU FRMT
-2 1 1 -1 SCALE 0. 15 0

*QUTPUTS: 1, DRAW KG HR)

UNIT 39 TYPE 9 DATA READER FOR MAI NS WATER TEMPERATURE
* CHANGES MONTHLY BUT READ | N DAILY (24 HOURS) FROM F- CHART FILE
PARAMIERS 8
* MODE N dT(HOURS) TMAINS LU FRMT
-2 1 24 110 16 O
*QUTPUTS: 1, TMAINS

UNIT 16 TYPE 16 RADI ATI ON PROCESSCR

PARAVETERS 8
* RADMODE TRACKMODE Tl LTMODE DAY LAT SC SH FT SMOOTH
3 1 1 STRTDAY LAT SC SH FT 2
| NPUTS 6
* | (kd/nR-hr) tdl td2 RHOG BETAL GAMMAI | Next (I F SMOOTH=1)
19,3 19,19 19,20 RHOG SLOPE GAMVAI 19, 23
0.0 0.0 0.0 RHOG SLOPE GAMVAI 0.0

*QUTPUTS: 1,10 2, THETAz 3, GAMMAs 4,1 5,1d 6,1T1 7,1bT1 8,1dT1 9, THETAL
* 10, BETAL 11,1T1

UNNT 1 TYPE 1 COLLECTCOR

PARAMETERS 14

* MODE N AREA (Cp EFFMD G ao al a2 EFF CpHX OPTMD bo bl
1 1 AREA 4.19 1 50 FRta FRUL 0. EFF CPHOT 1 BO Bl

I NPUTS 10

* Ti  nmCOLL(kg/ hr) nHX Tanb It I Id RHOG THETA BETA( SLOPE)
3,1 3,2 3,2 19,2 16,6 16,4 16,5 0,0 16,9 16, 10
T 0.0 0.0 20.0 0.0 0.0 0.0 RHOG 0.0 40.0

*OUPUTS: 1, To 2,np 3, Quai n(KJ/HR) 4, Tco

EQUATI ONS 2
DEADH = 0
DEADL = 0

UNIT 2 TYPE 2 PUVP CONTROLLER
PARAMETERS 4
* NSTK dThi gh dTlow Tmax

11 DEADH DEADL 100

I NPUTS 4

* Th Tl TIN GAWMAI
1,4 4,1 0,0 2,1
15. Tl 100 0.

*QUTPUTS: 1, GAMMAO ( CONTROL FUNCTI ON)

UNIT 3 TYPE 3 PUW

PARAMETERS 4

* mvAX Cp Prrax ( KJ/ HR) f par
325. 4.19 PPUMP 0.
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| NPUTS 3
* i mi GAMVA
4,1 4,2 2,1
TI 0.0 0.0

*QUTPUTS: 1, To 2, nmo 3, Ppunp

EQUATI ONS 1
HGT = - HEl GHT

UNIT 4 TYPE 4 SOLAR STORAGE TANK
PARAVETERS 20
* MODE VCL CPF RHO ur Hi AUXMOD NODE1 NODETI
2 TSIZE 4.19 1000 ULGCSS HGr 1 1 1
*TSET DTDB QAUX1 NODE2 NODET?2 TSET2 DTDB2 QAUX2
TSET 0 QVAX 1 1 TSET 0 0.0
* UAFLUE TFLUE TBA L
0.0 TENV 100
| NPUTS 5
* TH MH TL ML TENV
1,1 1,2 39,1 MQAD 0,0
0.0 0.0 TI 0.0 TENV
DERI VATI VES NODES
TSET TSET TSET TSET TSET TSET TSET TSET TSET
*UNI'T 4 QUTPUTS:
*OQUTPUTS: 1, Trtn 2, mrtnCOLL 3, Tload 4, mload 5, Qenv, | oss 6, (s
* 7, dEt ank 8, Qaux1

UNIT 24 TYPE 24 | NTEGRATOR
PARAVETERS 1
*DI' RESET

1
I NPUTS
4,8 3,
0.0 O

o wnN

EQUATI ONS 2

* Electric input required (auxiliary heater + collector punp power)
ELECDWND = ([ 24, 1] +[ 24, 2])/ 3600

QAUX = ([24,1])/3600

UNIT 25 TYPE 25 PRI NTER
PARAMETERS 4
* DT TON TOFF LU
1 START STOP 10
I NPUTS 1
el ecdmd
el cdnd

UNIT 26 TYPE 25 plotting PRI NTER
PARAMVETERS 4
* DT TON TOFF LU

1 START STOP 22
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| NPUTS 1

el ecdmd

el cdnd

*|* Display Options

EQUATI ONS 2

| REF = 1/ STEP

SWTCH = 1. 0000E+0000

*| On-line graphic display (1=yes, 2=no) |110]1]1]2]3

UNIT 65 TYPE 65 ON-LINE PRI NTER
PARAMETERS 15
*NTOP NBOT YM NI YMAXI YMN2 YMAX2 |REF [TUP UNTS

2 1 0 5 0 80 | REF 1 3
*NPIC GRID STOP SYMBOLS OQOUTPUT ON OFF
1 7 0 2 0 SW TCH
I NPUTS 3

QAUX ELECDMND M.OAD
Qaux ElecDmd MIANK
LABELS 4

kW kg/ hr

Aver age System Dermand
Tank Draw

END
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Two Tank System with SRCC Collector

*TRNSED

ASSIGN C:\ EUSESI A SYSTEMS\ SRCC2TNK. LST 6
ASSIGN C:\ EUSESI A SYSTEMS\ SRCC2TNK. QUT 10
ASSIGN C:\ EUSESI A SYSTEMS\ SRCC2TNK. PLT 22
ASSIGN C:\ EUSESI A SYSTEMS\ HRDRAW DAT 15

EE R O ko O I O O O O R O O O

* This file predicts the required electric input to a solar *

* domestic hot water system

EE R O Sk O S O I I kS O O O

*|* Wility Location
ASSIGN c:\ EUSESI A systens\ M_LKWRO1l. DAT 14

TRNSY S Simulations

*|< Gty in which utility is located in | G\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT| 1] 2| 99
EQUATI ONS 1
LAT = 4.2950E+0001

*|< Gty in which utility is located in | G\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT| 0] 3] 99
ASSIGN c:\ EUSESI A systens\ MKMAI N. DAT 16

*|< Gty in which utility is located in | C:\ EUSESI A\ SYSTEMS\

Cl TI ES. DAT]| 0] 4] 99

*l*

***  SYSTEM PARAMETERS ***

EQUATIONS 6
TSET = 60
TENV = 18
TI =6.9

*

* Determine the required draw fromthe tank. The follow ng equations
* account for the tenpering valve. They result fromsinplified nass

* and energy bal ances where Cp is assuned constant.

TDI FF = MAX( 0. 000001, ([4,3]-[39,1]))

TNKDRW = M N(1, (( TSET-[39, 1])/ TDI FF))

MLQAD = [ 29, 1] * TNKDRW

*

xx STANDARD ELECTRI C HOT WATER TANK *kx

* Volunme: 80 gallon tank -> .3028 n8;

* Height: 4.89 ft -> 1.4905 m

* Rvalue: 16.7 (hr-ft2-F/ Btu) -> ULCSS=1/R

* .0489194(hr -m2-C/ kJ)/ (hr-ft 2-F/ Bt u)

*|* Solar Storage Tank Paraneters
EQUATI ONS 7
TNKSI ZES = 8. 0000E+0001

*| Tank size | gal | gal | 0] 1] 0] 1000. 00| 3

TSI ZES = . 0037854* TNKSI ZES
HElI GHT1S = 4. 8900E+0000
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*| Tank hei ght | ft]ft] O] 1] 0] 0030.00]|3
HEI GHTS = . 3048* HElI GHT1S

RVALS = 1.6700E+0001

*| Insul ation R-Value | hr-ft2-F/ Btu| hr-ft2-
F/ Bt u| O] 1] 0] 1000. 00| 3

RVALS1 = RVALS *. 0489194

ULCSSS = 1/ RVALS1

*l*

*|* Auxiliary Tank Paraneters

EQUATI ONS 7

TNKSI ZEA = 8. 0000E+0001

*| Tank size | gal | gal | O] 1] 0] 1000. 00| 3
TSI ZEA = . 0037854* TNKSI ZEA

HEI GHT1A = 4. 8900E+0000

*| Tank hei ght | ft]ft] O] 1] 0] 0030.00]|3
HEI GHTA = . 3048* HElI GHT1A

RVALA = 1.6700E+0001

*| Insul ation R-Value | hr-ft2-F/ Btu| hr-ft2-
F/ Bt u| O] 1] 0] 1000. 00| 3

RVALA1 = RVALA *. 0489194

ULCSSA = 1/ RVALA1

*l*

** Other tank parameters. S -> solar, A -> auxiliary

EQUATI ONS 4
NODES = 3
NODEA = 3
Tdbnd = 0.0

Qrax = 4.5*3600

*|* SRCC Rated Sol ar Col |l ector Paraneters

EQUATI ONS 9

AREA1 = 2.9100E+0001

*| < SRCC rated col | ector | G\ EUSESI A SYSTEMS\
SRCC. DAT| 1| 2| 99

AREA = AREA1*. 0929

FRta = 8.7100E-0001

*| < FRta of collector (Intercept efficiency) |C\ EUSESI A SYSTEMS\
SRCC. DAT| O] 3| 99

FRUL1 = 3. 7350E+0000

*| < FRUL of collector (- slope of eff. curve |C\ EUSESIA SYSTEMS\
SRCC. DAT| O] 4| 99

FRUL = 20.4418*FRUL1

BO = .0316

*| < 1st order inc ang nodifier coeff (-S) | C:\ EUSESI A\ SYSTEMS\
SRCC. DAT| 0] 5] 99

Bl = .0104

*| < 2nd order inc ang nodifier coeff (-S2) | G\ EUSESI A\ SYSTEMS)

SRCC. DAT| O] 6] 99

COL = 1. 0000E+0000

*| Nunber of collectors in array | ]]0] 1] 0] 000100]| 3
SLOPE= 2. 3000E+0001

*| Collector slope | degr ees| degr ees| 0| 1] 0] 0090. 0| 3

*l*
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*|* Heat Exchanger Paraneters

EQUATI ONS 3

EFF = - 1. 0000E+0000

*| Heat exchanger effectiveness (-1 => no hx) ||]|O]1]-1]01.000|3
CPHL = 5. 7700E-0001

*| Specific heat of collector side fluid | Btu/l bm R Bt u/ | bm

Rl 0] 1] 0] 10. 000 3
CPHOT = 4. 1868* CPHL

*l*

*|* Punp Paraneters

EQUATI ONS 2

PMPPOW = 50

*| Punpi ng power | WW O] 1] 0] 10000. 0] 3
PPUMP = PMPPOW 3. 6

*l*

*|* Daily Water Draw

EQUATI ONS 3
FACTOR = 3. 7853
MLTPLY = 6. 9000E+0001

*| Average daily water draw (69 gal/day standard)

| gal / day| gal / day| 0| 1| 0] 100. 0] 3

*l *

SCALE = FACTOR*M.TPLY/ 69

* Standard draw based on approxi mately 69 gal/day. MTPLY allows the
* user to scale the draw as seen fit. By setting the value to 69 the
* draw remains the sane.

EQUATI ONS 4

*%% S| MULATI ON PARAVETERS ***
START = 1

START1 = START- 48

STOP = 8760

STEP = .1

EQUATI ONS 5

RHOG=2. 0000E- 01

STRTDAY = | NT( START1/ 24)
GAMVAI =0. 0000E+0
SC=4871

SHI FT=0. 0

** Calculate the critical tinmestep for the system

** Use STEP < t_critical as a safety factor

** Cal cul ati on done assumi ng an instantaneous draw wil |
** be no nore than 10 gal /hr

* EQUATI ONS 10

* MASSTANKS = TNKSI ZES* FACTOR

*MOOLL = 325

*MLOADMVAX = 10* FACTOR

*TCRI TS = ( MASSTANKS/ NODES) / ( MOOLL+M_QADNAX)
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*STEPS = TCRI TS 2

*

* MASSTANKA = TNKSI| ZEA* FACTOR

*TCRI TA = ( MASSTANKA/ NODEA) / MLOADVAX
*STEPA = TCRITA/ 2

*

*STEP1 = M N( STEPS, STEPA)

*STEP = M N(STEP1, 1)

S| MULATI ON START1 STOP STEP
LIMTS 120 120 120
TCOLERANCES 0. 001 0. 001

W DTH 72

UNIT 19 TYPE 9 DATA READER FOR WEATHER
PARAMETERS 14
* MODE N dT(HOURS) DUMHOURS  Tdb(C) I (kJ/me- hr)

-2 3 1 -110 -210 -310
* LU FRMT
14 0

*QUTPUTS: 2, Tdb 3,1

UNIT 29 TYPE 9 DATA READER FOR WATER DRAWS
*WATER DRAWS: (GAL/HR) - CONVERT TO KGE HR
* USE FACTOR 3. 7853

PARAVETERS 8
* MODE N STEP DRAWS MULT ADD LU FRMI
-2 1 1 -1 SCALE 0. 15 0

*QUTPUTS: 1, DRAW KG HR)

UNIT 39 TYPE 9 DATA READER FOR MAI NS WATER TEMPERATURE
* CHANGES MONTHLY BUT READ I N DAILY (24 HOURS) FROM F- CHART FILE
PARAMIERS 8
* MODE N dT(HOURS) TMAINS LU FRMT
-2 1 24 110 16 O
*QUTPUTS: 1, TMAINS

UNIT 16 TYPE 16 RADI ATI ON PROCESSCR

PARAVETERS 8
* RADMODE TRACKMODE Tl LTMODE DAY LAT SC SH FT SMOOTH
3 1 1 STRTDAY LAT SC SH FT 2
| NPUTS 6
* | (kd/nR-hr) tdl td2 RHOG BETAl GAMVAI | Next (1 F SMOOTH=1)
19,3 19,19 19,20 RHOG SLOPE GAMVAI 19, 23
0.0 0.0 0.0 RHOG SLOPE GAMVAI 0.0

*QUTPUTS: 1,10 2, THETAz 3, GAMMAs 4,1 5,1d 6,1T1 7,1bT1 8,1dT1 9, THETAL
* 10, BETAL 11,1T1

UNNT 1 TYPE 1 COLLECTOR
PARAMETERS 14
* MODE N AREA (Cp EFFMD G ao al a2 EFF CpHX OPTMD bo bl
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1 1 AREA 4.19 1 50 FRta FRUL O. EFF CPHOT 1 BO Bl
I NPUTS 10

* Ti  mCOLL(kg/ hr) mHX Tanb It I I d RHOG THETA BETA( SLOPE)
3,1 3,2 3,2 19,2 16,6 16,4 16,5 0,0 16,9 16, 10
T 0.0 0.0 20.0 0.0 0.0 0.0 RHOG 0.0 40.0

*OUPUTS: 1, To 2,np 3, Quai n(KJ/HR) 4, Tco

EQUATI ONS 2
DEADH = 0
DEADL = 0

UNIT 2 TYPE 2 PUVP CONTROLLER
PARAMETERS 4
* NSTK dThi gh dTlow Tmax

11 DEADH DEADL 100

I NPUTS 4

* Th Tl TIN GAMAI
1,4 5,1 0,0 2,1
15. TI 100 0.

*QUTPUTS: 1, GAMMA0 ( CONTROL FUNCTI ON)

UNIT 3 TYPE 3 PUWP

PARAVETERS 4
* mvVAX Cp Prrax ( KJ/ HR) f par
325. 4.19 PPUVP 0.
| NPUTS 3
* i m GAMVA
51 5,2 2,1
TI 0.0 0.0

*QUTPUTS: 1, To 2, nmo 3, Ppunp

EQUATI ONS 2
HGTA = - HEl GHTA
HGTS = - HEl GHTS

UNIT 5 TYPE 4 SOLAR STORAGE TANK
PARAMETERS 20

*MODE VAL CPF RHO ur HI AUXMOD  NCDE1 NODETI
2 TSIZES 4.19 1000 ULCSSS HGTS 1 1 1
*TSET DTDB  QAUX1 NODE2 NODET?2 TSET2 DTDB2 QAUX2
TSET 0 0.0 1 1 TSET 0 0.0

*UAFLUE TFLUE TBA L
0.0 TENV 100
I NPUTS 5
*TH M TL M. TENV
1,1 1,2 39,1 MOAD 0,0
0.0 0.0 TI 0.0 TENV

DERI VATI VES NODES

TSET TSET TSET TSET TSET TSET TSET TSET TSET

*OQUTPUTS: 1, Trtn 2, mrtnCOLL 3, Tload 4, mload 5, Qenv, |l oss 6,
* 7, dEt ank 8, Qaux1

UNT 4 TYPE 4 AUXI LI ARY TANK
PARAMETERS 20
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*MODE VAL CPF RHO ur H
2 TSIZEA 4.19 1000 ULCSSA HGTA
*TSET DTDB  QAUX1 NODE2 NODET?2
TSET 0 QvAX 1 1
*UAFLUE TFLUE TBA L
0.0 TENV 100
| NPUTS 5
*TH M TL TENV
0,0 0,0 5,3 54 0,0
0.0 0.0 Tl 0.0 TENV

DERI VATI VES NCDES

AUXMOD  NCDE1L

1 1

TSET2 DTDB2

TSET 0

TSET TSET TSET TSET TSET TSET TSET TSET TSET

*UNIT 4 QUTPUTS:

*QUTPUTS: 1, Trtn 2, mrtnCOLL 3, Tload 4, m|oad 5, Qenv, | 0ss

* 7, dEt ank 8, Qaux1

UNIT 24 TYPE 24 | NTEGRATOR
PARAVETERS 1
*DI' RESET

1
I NPUTS
4,8 3,
0.0 O

o wN

EQUATI ONS 2

* Electric input required (auxiliary heater

ELECDMND = ([ 24, 1] +[ 24, 2])/ 3600
QAUX = ([24,1])/3600

UNIT 25 TYPE 25 PRI NTER
PARAMETERS 4
* DT TON TOFF LU
1 START STOP 10
| NPUTS 1
el ecdmd
el cdnd

UNIT 26 TYPE 25 plotting PRI NTER
PARAMETERS 4
* DT TON TOFF LU
1 START STOP 22
I NPUTS 1
el ecdmd
el cdnd

*|* Display Options

EQUATI ONS 2

| REF = 1/ STEP

SWTCH = 1. 0000E+0000

*| On-line graphic display (1=yes, 2=no)

UNIT 65 TYPE 65 ON-LINE PRI NTER
PARAMETERS 15

+ col | ector punp power)

[11011]1]2]3

NODETI

QAUX2
0.0
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*NTOP NBOT YMNL YMAXL YMN2 YMAX2 IREF IUP UNTS

2 1 0 5 0 80 | REF 1 3
*NPIC GRID STOP SYMBOLS OQUTPUT ON OFF
1 7 0 2 0 SW TCH
| NPUTS 3

QAUX ELECDMND M.OAD
Qaux ElecDmd MIANK
LABELS 4

kW kg/ hr

Aver age System Denand
Tank Draw

END
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Photovoltaic System

* TRNSED

ASSIGN C.\ EUSESI A SYSTEMS\ PV1.LST 6
ASSIGN C.\ EUSESI A SYSTEMS\ PV1. QUT 10
ASSIGN C.\ EUSESI A SYSTEMS\ PV1.PLT 22

EE R O ok O S O I O I E  E E E E E E  E E E E E E  E E E

* This file predicts the required electric input to a solar *

* photovoltaic system

*

EE R O ok O S S O I I kS O O O

*|* Wility Location

ASSIGN c:\ EUSESI A systens\ M_LKWRO1l. DAT 14
*|< City in which utility is |ocated | c:\ EUSESI A syst ens\

cities.dat|1]2]|99
EQUATI ONS 1
LAT = 4.2950E+0001

*|< City in which utility is |ocated | c:\ EUSESI A syst ens\

cities.dat| 0] 3|99
*l *

EQUATI ONS 4
RHOG = .2
SC = 4871
SHFT =0
GAMAI =0
EQUATI ONS 5
START = 1
STOP = 8760
STEP = 1

START1 = START-48
STRTDAY =I NT( START1/ 24)

SI MULATI ON START1 STOP STEP
LIMTS 120 120 120
TCLERANCES 0. 001 0.001

W DTH 72

Equati ons 22

*| * Photovol tai c Panel s

SunRef = 1. 0000E+0003

*| < Phot ovol tai c panel selection
PVMODUL2. DAT| 1| 2| O

Tcref = 2.9800E+0002

*| <Phot ovol tai ¢ panel selection
Iscref = 1.8000E+0000

*| <Phot ovol t ai ¢ panel selection
Vocref = 5.5500E+0001

| c:\ EUSESI A systemns\

| c:\ EUSESI A\ systems\ PVMODUL2. DAT| O] 3| 0

| c:\ EUSESI A\ systens\ PVMODUL2. DAT| 0| 4|0
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*| <Phot ovol tai ¢ panel sel ection | c:\ EUSESI A\ systens\ PVMODUL2. DAT| 0] 5|0
Inref = 1.3200E+0000

*| <Phot ovol tai ¢ panel sel ection | c:\ EUSESI A\ systens\ PVMODUL2. DAT| 0] 6| 0
Vnref = 3. 8000E+0001

*| <Phot ovol tai ¢ panel sel ection | c:\ EUSESI A\ systens\ PVMODUL2. DAT| 0| 7|0
Msc = 1.5000E-0003

*| <Phot ovol tai ¢ panel sel ection | c:\ EUSESI A\ systens\ PVMODUL2. DAT| 0| 8|0
M/oc = -1.9425E-0001

*| <Phot ovol tai ¢ panel sel ection | c:\ EUSESI A\ systens\ PVMODUL2. DAT| 0] 9|0
tau_alfa = 9. 0000E-0001

*| <Phot ovol tai ¢ panel sel ection | c:\ EUSESI A\ systens\ PVMODUL2. DAT| 0] 10| 0
E q = 1.1550E+0000

*| <Phot ovol tai ¢ panel selection | c:\' EUSESI A\ systenms\ PVMODUL2. DAT| O] 11| 0
NCS= 6. 6000E+0001

*| <Phot ovol tai ¢ panel selection | c:\' EUSESI A\ systenms\ PVMODUL2. DAT| 0] 12| 0
wi dth = 8. 0000E- 0001

*| <Phot ovol tai ¢ panel sel ection | c:\ EUSESI A\ systens\ PVMODUL2. DAT| 0] 13| 0
length = 1.5250E+0000

*| <Phot ovol tai ¢ panel selection | c:\' EUSESI A\ systens\ PVMODUL2. DAT| O] 14| 0
Ns_pv = 6. 0000E+0000

*| Nunber of panels in series | 1]0] 1] 1] 2000|0
Np_pv = 1. 0000E+0000
*| Nunber of panels in parallel | 1]0] 1] 1] 2000| 0

Mode pv = 2. 0000E+0000
MPPT Eff = 9.5000E- 0001

*| Eff. of the max. power point tracker |110]10]1.00]|0

DI NRG = 100

UL = 10

SLOPE= 2. 3000E+0001

*| Sl ope of collector | Degrees| | O] 1| - 180. 00| 180. 00| O

*l *
*|* DO AC I nverter
Invr_Eff = 9.5000E-0001

*| Inverter efficiency | ]1]0]1]0]1.00]|0
V_grid = 1.1000E+0002
*| &id operating voltage | Vol ts| | 0| 1] 100| 250. | 0

R O S Sk S I O O O O S O O O

UNIT 19 TYPE 9 DATA READER FOR WEATHER
PARAMETERS 14
* MODE N dT(HOURS) DUMHOURS  Tdb(C) I (kJ/me- hr)

-2 3 1 -110 -210 -310
* LU FRMT
14 0

*QUTPUTS: 2, Tdb 3,1

R O S O O S I O O O O O O O

UNIT 16 TYPE 16 Radi ati on Processor

PARAVETERS 8
*RADMODE TRACKMODE Tl LTMODE DAY LAT SC SHFT SMOOTH
3 1 1 STRTDAY LAT SC  SH FT 2
| NPUTS 6
*1 (kJ/ hr-nR) tdl td2 RHOG  BETA1 GAWMMAI | NEXT(| F SMOOTH=1)

19,3 19,19 19,20 RHOG SLOPE GAMMVAI 19, 23
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0.0 0.0 1.0 RHOG SLOPE GAMAI 0.0
*QUTPUTS: 1)lo 2)THETAz 3)GAMVAs 4)1 5)Id 6)IT1 7)IbT1l
* 8)1dT1l 9) THETAL 10)BETAL 11)IT1

R R O I S O O O O O O O

EQUATI ON 2
solar = [16,6]/3.6
T amb = [19, 2]

EE I I S o I O O O o O O O S O I

unit 62 type 62 PV array

* PV paranters

Par aneters 9

Mode_pv Sunref Tcref |Iscref Vocref Inref Vnmref Msc Moc

Paraneters 8
tau_alfa E g NCS width | ength Ns_pv Np_pv DI NRG

| nputs 3

*Sun Tanb UL
16, 6 T amb UL
3600 25.0 10.0

R R O S Sk O S O O O O O

unit 70 type 70 DC/ DC + DC/ AC
Parameter 1

3

I nputs 5

*lnp Vnp V_grid Eta_DC DC Eta_DC_AC
62,4 62,5 0,0 0,0 0,0

2. 50. V_grid MPPT_Ef f I nvr_Eff

R O I Sk O O O I O O O O O

Equation 1
solar = solar * width * length * Ns_pv * Np_pv

R R O I S O S I O O O O O O O O

unit 23 type 24 Quantity Integrator, Hourly

Parameters 1

* D

1

i nputs 2

*olar el ec

ol ar 70, 3
10000 100.
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R O S Sk O S I O O O O

Equations 2
ol _k =123,1] / 1000
Qlc_k =123,2] / 1000

R O I Sk O S I O O O O O

UNIT 26 TYPE 25 PRI NTER

PARANVETERS 4
1 start STOP 10

I NPUTS 1

*Qel ec
Qel c_k
El ¢cDnd

R O I ko S I O O O O O O O O

Equation 1
Ymaxl = Int((width * length * Np_pv * Ns_pv)/5 + 0.9) * 5000

R Ik kO O O O S O O
*l*

*|* Display Options

EQUATI ONS 1

SWTCH = 1. 0000E+0000

*| On-line graphic display (1l=yes, 2=no) |110]1]1]2]3
unit 65 type 65 ONLI NE GRAPHI CS

PARAMETERS 15

*Nt op Nbot Ymn, 1 Ymax, 1 Ym n, 2 Ymax, 2
1 0 0.0 5.0 - 25. 100.

*|ref I upd units Npi ¢ Gid St op Synbol s Qut put s
1 1 3 1 7 0 2 0

*Pl ot (Yes/ No)

SW TCH

inputs 1

Qel c_k

El ectri cal

| abels 4

kKW none

Aver age System Generation

R O I O S I o O O O O O O

END
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Marginal Plant Prediction
* TRNSED

ASSI GN \ EUSESI A\ UTI LM X\ MARPLANT. LST 6
ASSI GN \ EUSESI A\ utilmx\ marplant.plt 10

EIE R S O o O R I O O

Kk kk k% FRO\IT END *kkk k%

EIE R S O o O R I O O

*|* Predi ction of the Marginal Plant
x| * for a Specified Region of Uilities
*l*

*l*

*** Assign the plant data file and the load file ***
*|* Wility Region to be Anal yzed

ASSIGN c:\ EUSESI A util m x\ WEPCO. DAT 15

*|< Wility region | C:\ EUSESI A\ UTILM X\ REG ONS. DAT| 1] 2| 0
ASSIGN c:\ EUSESIA wutilm x\ WEPCO LCD 16

*|< Wility region | C:\ EUSESI A UTILM X\ REG ONS. DAT| 0] 3]0
ASSIGN c:\ EUSESI A utilm x\ WEPCO PRF 14

*|< Wility region | C:\ EUSESI A\ UTILM X\ REGQ ONS. DAT| 0| 4] 0
EQUATI ONS 1

LIMT = 8000

*| Estinmate region capacity | M MAf O] 1] O] 100000| | O

EQUATI ONS 3

START = 1

STOP = 8760

STEP = 1

SI MULATI ON  START STOP STEP
TOLERANCES . 001 . 001

R O o O o O S I O O

*kkkk*k DATA REAERS * Kk kk k%

EE I IR I S b I S S I I S S I I S I

UNIT 11 TYPE 99 LOAD PROFI LE DATA READER

PARAMVETERS 11

* MODE NUWALS DT LOAD * + EUE* + LU FRWT
-2 2 1 110 -210 16 0

*QUTPUTS: 1) LOAD 2) MARG NAL EUE

R O b O o O O R O

xxxx%x  F| ND PLANT PROFILE ***x*x

R O b O o O R R R o O

UNIT 72 TYPE 72 MARG NAL PLANT PREDI CTCR
PARANVETERS 1

*LU

15

| NPUTS 2
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*LOAD MAREUE
11,1 11,2
1.0 0.0

TRNSY S Simulations

*QUTPUTS: 1) LOAD 2) MARG NAL PLANT  3) MAG NAL EUE 4) MARG NAL OPERATI NG COST

* 5) TOTAL ADJUSTED CAPACI TY

R O o O O R R O O O I

**xxx%x  OQUTPUT AND DI SPLAY — ***x%x
EE I O O S o I S O I O O
UNIT 25 TYPE 25 PRI NTER
PARAMETERS 4

*DI T.ON T.OFF LU UNTS
1 START STOP 14 O

| NPUTS 5
*LOAD MARPLANT MAREUE MARCOST TOTCAP
72,1 72,2 72,3 72,4 72,5

LOAD MARPLANT MAREUE MARCOST TOTCAP
*QUTPUTS: 1) LOAD 2) MARPLANT 3) MAREUE 4) MARCOST 5) TOTCAP

UNIT 26 TYPE 25 plotting PRI NTER

PARAVETERS 4

* DI TON TOF LU UNTS
1  START STOP 10 0

| NPUTS 4

*LOAD MAREUE MARCOST TOTAL ADJUSTED CAPACI TY
72,1 72,3 72,4 72,5
LOAD MAREUE MARCST CAPACI TY

*QUTPUTS: 1) LOAD 2) MAREUE 3) MARCOST 4) CAPACI TY

UNIT 65 TYPE 65 ON-LINE PRI NTER
PARAMETERS 15

* # TOP #_BOT YMN1I YMX1I YMN2 YMX2 | REF | UP UNITS NPIC GRI D STOP SYM OQUT QN OFF

2 1 O LIMT 0 .25 1 1 3 1 7

I NPUTS 3
* LOAD CAPACI TY MARCOST

11,1 72,5 72,4

LOAD CAP MARCST
LABELS 4
MV $
Uility Load

Mar gi nal QOperating Cost

END

2 0 1
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Utility Impact Analysis
* TRNSED

ASSIGN C:\ EUSESI A UTILITY.LST 6
ASSIGN C:\ EUSESIA UTILITY. PLT 11

ASSIGN C:\ EUSESI A UTIL1. DAT 15

ASSIGN C.\ EUSESI A UTI L2. DAT 16

ASSIGN C:\ EUSESI A UTI L3. DAT 17

ASSIGN C:\ EUSESI A UTI L4. DAT 18

ASSIGN C.\ EUSESI A UTI L5. DAT 19

ASSIGN C.\ EUSESI A UTI L6. DAT 20

ASSIGN C.\ EUSESI A UTIL7. DAT 28

R IR IR S Sk I I S b S I I S S I I S I O S

*kkk k% FRO\IT END * kkk k%

R R IR IR S Sk I I S b I I S S I I S I I O S

x| * Electric Uility Solar Energy System | npact Analysis:
*l*

*|* Economi ¢ and Environmental Benefits froma Large Scal e
*|* I mpl ement ati on of Sol ar Energy Systens

*l*

*l*

*|* Dat e: | 10/ 95

*|* Organi zati on: | SEL

*|* I nput prepared by: | Trzesni ewski

*l*

*l*

*|* Utility Information

ASSIGN c:\ EUSESI A utilm x\ WEPCO. LOD 12

*|< Wility to be analyzed | G\ EUSESI A\ UTILM X\ LQOADS. DAT| 1| 2|0
ASSIGN c:\ EUSESI A utilmx\ WSCRGN. PRF 14

*|< Wility region to be anal yzed | G\ EUSESI A\ UTILM X\ REG ONS. DAT| 1| 4] 0
ASSIGN c:\ EUSESI A utilm x\ W SCRGN. DAT 13

*< Uility region to be anal yzed | C:\ EUSESI A UTILM X\ REG ONS. DAT| 0] 2| 0
EQUATI ONS 1

LIMT = 2. 0000E+0004

*| Estinmate region capacity | M MW O] 1] O] 100000] O

*l *

EQUATI ONS 5

CUSTOMERS = 1. 0000E+0005

*| Nunber of electric custoners [ 11]0] 1] 0] 200000000| O

TRNLSS = 2. 0000E+0000

*| Systemtransm ssion | osses | 944 % 0| 1| 0] 000100. 00| O

DI SLSS = 3. 0000E+0000

*| Systemdistribution | osses | % % 0] 1| 0] 000100. 00| O

TRNSLOSS = TRNLSS/ 100
DI STLOSS = DI SLSS/ 100

*l*

*|* Sol ar Energy System

ASSIGN c:\ EUSESI A systens\ nlkltnk.out 22

*| < Sol ar system | C:\ EUSESI A SYSTEMS\ SOLSYS. DAT| 1] 2|0
EQUATI ONS 9
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SOLMODE = 1. 0000E+0000
*| < Sol ar system
SYSCOST = 2. 0000E+0003

*| Installed cost of solar system
ACCEPT = 5. 0000E+0000

*| 9% of customers accepting program
DOMPAY = 1.4000E+0002

*| Custoner down paynent on system
LEAS = 1. 2000E+0001

*| Customer nonthly | ease payment
LEASE = LEAS*12

QANDM = 1. 0000E+0001

*| Operation and nai ntenance
DEPYRS = 5. 0000E+0000

*| Equi pnent depreciation period
NUMBYS = CUSTOVERS* ACCEPT/ 100

*l*

*|* Conparative System

TRNSY 'S Simulations
| C:\ EUSESI A\ SYSTEMB\ SCLSYS. DAT| 0] 3]0
| $/ uni t| $/ unit| 0| 1| 0] 200000| 0
| %4 % O] 1] 0] 0100.0| O
| $| $| 0| 1] 0] 001000 O

| $/ mo| $/ no| 0| 1| O] 100. 00| O

| $/ yr-systen| $/yr-systeni 0] 1| 0] 001000| O

| yrs|yrs| 0] 1] 0] 000100 O

ASSIGN c:\ EUSESI A systens\ nl kedhw. out 21

*| < Electric system

*l*

*|* Em ssion Costs
EQUATI ONS 8

Co2 = 0. 0000E+0000
*| ooR

SC2 = 2. 0000E- 0002
x| s

NOX = 0. 0000E+0000
| NOX

N20 = 0. 0000E+0000
*| N20

PARTS = 0. 0000E+0000

*| Particul ates

CH4 = 0. 0000E+0000
*l CH4
MERCURY =
*| Mercury
NUKES = 0. 0000E+0000
*| Nucl ear waste

*l*

0. 0000E+0000

*|* Demand Reduction Paraneters
EQUATI ONS 8

RESRVMARGN= 1. 5000E+0001

*| Reserve nmargin

RESRVMAR = RESRVMARGN 100

DVMNDWORTH = 2. 5000E+0002
*| Cost of conventional option per kW
TRNSWORTH = 1. 0000E+0002

*| Cost of adding kWof transm ssion capacity

DI STWORTH =
*| Cost
DMODE =

1. 0000E+0002

2. 0000E+0000

of adding kWof distribution capacity

| G\ EUSESI A SYSTEMB\ ELECSYS. DAT| 1| 2|0

| $/1 bn $/ t on| 0] 2000] 0] 10000. 0000| 0
| $/1 bn $/ t on| 0] 2000] 0] 10000. 0000| 0
| $/1 bn $/ t on| 0] 2000] 0] 10000. 0000| 0
| $/1 bn $/ t on| 0] 2000] 0] 10000. 0000| 0
| $/1 b $/ t on| 0] 2000| 0] 10000. 0000| 0
| $/1 bn $/t on| 0] 2000] 0] 10000. 0000| 0
| $/1 bnj $/ t on| 0] 2000] 0] 10000. 0000| 0

| $/ 1 brj $/ t on| O] 2000] 0] 10000. 0000 0

| % 9% 0] 1] 0] 000100. 00| O

| $/ kW $/ kW 0] 1] 0] 100000. 00| O
| $/ kW $/ kW 0] 1] 0] 100000. 00| O

| $/ KW $/ kW 0] 1| 0] 100000. 00| 0
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*| < Demand eval uati on net hod
PEAKS = 2. 0000E+0001

*| Nunber of peak hours to eval uate

CC REF = 9. 2000E-0001

*| CCl of conventional reference option

*l*

*|* Electric Customer Retention

EQUATI ONS 3
NOPROGLCOSS= 4. 0000E+0000

*| % custoners |ost to other fuel

PROGLOSS = 2. 0000E+0000

*| % custoners lost to other fuel

RETAI NWRTH= 0. 0000E+0000
*| Val ue of retained custoner

*l*

*|* Del ayed Power Plant Construction

CONSTANTS 1
DELAYWORTH= 0. 0000E+0000

*| Val ue of del aying power plant construction

kW 0| 1| 0] 100000] O

*l*

*| * Government |ncentives for
CONSTANTS 3
TAXCRD = 1. 0000E+0001

*| Tax credit given for investnent

TAXCREDI T = TAXCRD/ 100
SUBSI DY = 1. 5000E 0002
*| Energy subsidy

*l*

*| * Economic Paraneters
CONSTANTS 7

NUMYRS = 2. 0000E+0001
*| Years of econonic analysis
| RATE = 5. 0000E+0000
*| Inflation rate

| NFRATE = | RATE/ 100
DRATE = 8. 0000E+0000
*| Discount rate

DI SRATE = DRATE/ 100
TAXBR = 3. 4000E+0001
*| Uility tax bracket
TAXBRACK = TAXBR/ 100

*l*

*|* Custoner Rate Information
EQUATI ONS 2

W NRATE = 6. 4000E 0002

*| Wnter rate

SUMRATE = 7. 4500E 0002

*| Summer rate

w 0 program

I nvest ment
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| C:\ EUSESI A METHOD. DAT| 1| 2| 0

| 1]0] 1] 0] 000000100] 0

| |]0] 1] 0] 0001. 0000| O

| % % 0] 1] 0] 00100| O

with program| % %0| 1| 0] 00100| 0

| $/yr|$/yr| 0] 1| 0] 10000] O

| $/ peak kW $/ peak

| % % 0] 1] 0] 0100. 00| O

| $/ kWh| $/ k| O] 1] O] 100. 000| O

| yrs|yrs| 0] 1] 1] 000100| 0

| % % 0] 1] 0] 100. 00| O

| % % 0] 1] 0] 100. 00| O

| % % O] 1] 0] 100. 00| O

| $/ kWh| $/ kW] 0] 1] O] 1. 0000| O

| $/ kWh| $/ kW] 0] 1] O] 1. 0000| O
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EQUATI ONS 3
START = 1
STOP = 8760
STEP = 1

SI MULATI ON  START STOP STEP
TOLERANCES . 001 . 001
W DTH 132

R O S O o S

*kkkk*k DATA REAERS * %k k k k%

EE I IR I S b I S S I I S S I S I

UNI'T 9 TYPE 99  EDHW SYSTEM OUTPUT DATA READER

PARAMVETERS 11

* MODE NUWALS DT HR* + ELECDMND * + LU
-2 2 1 -110 210 21

*QUTPUTS:  2) ELECDVND

UNIT 10 TYPE 99 SDHW SYSTEM OUTPUT DATA READER

PARAVETERS 11

* MODE NUWALS DT HR * + SOLDM\D * + LU
-2 2 1 -110 -210 22

*QUTPUTS:  2) SOLDWND

UNIT 11 TYPE 99 REG ONAL LOAD PROFI LE DATA READER
PARAMETERS 17
* MODE NUWALS DT HR * + LOAD * + PLANT *
-2 4 1 -110 -210 -31
* LU FRMI
14 0
*QUTPUTS: 2)LOAD 3) MARG NAL PLANT 4) MARG ANL EUE

UNIT 12 TYPE 99  UTILITY LOAD PROFI LE DATA READER
PARAMETERS 8
* MODE NUWALS DT LOAD * + LU FRMM

-2 1 1 -110 12 0
*QUTPUTS: 1) LOAD

R R S O o S O O O O O

*x* S| NGLE SYSTEM PERFORMANCE ***
EE R IR S b I S I R S b I R S I I I S I S S
EQUATI ONS 2

ELECDM\D = [9, 2]

SOLDWN\D = [ 10, 2]

UNIT 30 TYPE 24 MONTHLY | NTEGRATOR
PARAVETERS 1
* DTRESET
-1

| NPUTS 2
*ELECDWVND SCLDIVND

ELECDVMND SCOLDWVND

1. 1.

FRMT

FRMT

TRNSY S Simulations

+ MAREUE * +

0

-4 10
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EQUATI ONS 2
SOLMNTH = [ 30, 2]
ELOWNTH = [ 30, 1]

EE R O S O

*kkkkk ECO\O\/ICS * Kk kk k%
EE R O S O
UNIT 71 TYPE 71 UTI LI TY ENERGY & ECONOM C | MPACT ANALYSI S
PARAMETERS 20
* #SYSTS 2 SQo2 NOX N2O0 PARTS CH4 MERCURY  NUKES
NUMBYS co2 So2 NOX N2O0 PARTS CH4 MERCURY  NUKES

* RESERVE MARG N DWVNDWORTH  TRNSWORTH DI STWORTH DMODE PEAKS

RESRVVAR DWNDWORTH ~ TRNSWORTH DI STWORTH DMODE =~ PEAKS
* REFERENECE CCI TRNSLOSS DI STLOSS SOLMODE LU

CCl REF TRNSLOSS DI STLOSS SOLMODE 13
| NPUTS 5
* ELECDMND SOLDWD LOAD MARPLANT MAREUE

ELECODMND SOLDWND 11,2 11,3 11,4

0.0 0.0 0.0 0.0 0.0
*QUTPUTS 1) ENERGY RED(kW) 2) ENERGY SAVI NGS($) 3) CO2 RED(|bn) 4)Co2
SAVI NGS( $)
* 5)S02 RED(| bm) 6)SC2 SAVI NGS($) 7) NOX RED(I bm) 8) NOX SAVI NGS($)
* 9) N20 RED(| bn) 10) N2O SAVI NGS($) 11) PARTS RED(| bn) 12) PARTS
SAVI NGS( $)
* 13) CH4 RED(| bn) 14) CH4 SAVI NGS($) 15)HG RED(| bn) 16) HG SAVI NGS( $)
* 17) NUKE RED(| bn) 18) NUKE SAVI NGS($) 19) POLLUTI ON SAVI NGS( $)
* 20) DEMAND REDUCTI ON( kW 21) DEMAND SAVI NGS( $)
* 22) DEMAND REDUCTI ON AT PEAK LOAD(kW 23) OPTI ON CCl

UNIT 72 TYPE 24 | NTEGRATOR

I NPUTS 10
* kWh ENERGY $ ENERGY  LBMCO2 $C2 LBMsO2 $SO2 LBMNOX  $NOX
71,1 71,2 71,3 71,4 71,5 71,6 71,7 71,8

* LBMN2O  $N20O
71,9 71, 10
000O0O0O0O0OO0O0OO

UNIT 73 TYPE 24 | NTEGRATOR

I NPUTS 9
* LBMPARTS  $PARTS LBMCH4 $CHA LBMHG  $HG LBMNUKE  $NUKE
71,11 71,12 71, 13 71,14 71,15 71, 16 71,17 71,18
* $POLLUTI ON
71, 19

000O0O0O0OO0OO0OO0OO

***  PRE- ECONOM C SUMVARY EQUATI ONS ***

EQUATI ONS 3

DELAYVAL = DELAYWORTH * [71, 22]

RETAI NVAL = RETAI NWRTH* CUSTOVERS* ( NOPROGLOSS- PROGLOSS) / 100
SUBSDYCRDT = SUBSI DY * [72, 1]

UNIT 74 TYPE 89 UTI LI TY ECONOM C SUMVARY
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PARAMVETERS 12
* LI FE YRS | NFLATI ON DI SCOUNT #SYSTS $/ SYSTEM DOWN PAYMENT

NUMYRS | NFRATE DI SRATE NUMSYS SYSCOST DOVNPAY
* LEASE ~QANDM  RETENTI ON VALUE TAX BRACKET DEPYRS TAX CREDI T
LEASE  OANDM RETAI NVAL TAXBRACK DEPYRS TAXCREDI T
| NPUTS 5
*  $ENERGY  $DEMAND  $POLLUTION DELAY VALUE  SUBSI DY CREDI T
72,2 71, 21 73,9 DELAYVAL SUBSDYCRDT
0.0 0.0 0.0 0.0 0.0
*QUTPUTS: 1) PRESENT WORTH OF | NVESTMENT 2) LEVELI ZED COST 3) RATE OF RETURN
* 4) DEMAND SAVI NGS AFTER 1ST YEAR 5) PW | NVESTMENT 6) PW DELAY VALUE
* 7) PW RETENTI ON 8) PW DOMNPAYMENTS 9) PW TAX CREDI T 10) PW DEMAND SAV
* 11) PW ENERGY SAV 12) PW EM SSI ON SAV 13) PW SUBSI DY 14) PW O&M
* 15) PW DEPREC!I ATI ON 16) PW LEASE

EE R S O S o O O O I O O I

**xxx%x  OQUTPUT AND DI SPLAY  ***x%x

R O o O O R R O O O O
UNIT 25 TYPE 25  OUTPUT PRI NTER
PARAMETERS 4

* DI T_ON T.OFF LU UNTS
1 sTop stoP 15 1

I NPUTS 10
* kWh ENERGY $ ENERGY  LBMCO2 $C2 LBMBO2 $S2 LBMNOX  $NOX
72,1 72,2 72,3 72,4 72,5 72,6 72,7 72,8

* LBMN2O  $N20O
72,9 72,10
ENRED ENSAV LBMCO2 $CO2 LBMBO2 $SCO2 LBMNOX $NOX LBMN2O $N20O

UNIT 26 TYPE 25 OUTPUT PRI NTER

PARAVETERS 4

* DI TON TOF LU UNTS
1 SToP  STOP 16 1

I NPUTS 10
* LBMPARTS  $PARTS LBMCH4 $CH4 LBVHG $HG LBMNUKE  $NUKE
73,1 73,2 73,3 73,4 73,5 73,6 73,7 73,8
* $POLLUTION  NUMBYS
73,9 NUNMBYS

LBMPARTS  $PARTS LBMCH4 $CH4 LBMHG $HG LBMNUKE  $NUKE
$POLLUTI ON NUMBYS

UNIT 27 TYPE 25 OUTPUT PRI NTER

PARAVETERS 4

* DT TON TOF LU UNTS
1 STOP STOP 17 1

I NPUTS 10
* DVNDRED DWNDSAV  CCl PRESWORTH LEVELCOST ROR
71, 20 74, 4 71, 23 74,1 74, 2 74,3
* SUWWER RATE W NTER RATE DMNDMODE SYSCOST
SUMRATE W NRATE DMODE SYSCOST

DWNDRED DMNDSAV CCI  PRESWORTH LEVELCOST ROR SMRATE WNRATE
DMODE = SYSCOST

UNIT 28 TYPE 25 MONTHLY PRI NTER
PARAMETERS 4
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*DT TON  TOFF LU
-1 START STCP 18

| NPUTS 2

* SOLDMND_ MO ELCDNM MO
SOLMNTH ELCWNTH
SOLDMND ELECDM\D

UNIT 38 TYPE 25 PRE- ECON PRI NTER
PARAVETERS 4
*DI' TON TOFF LU

1 STCP STOP 19

| NPUTS 7
*ENRED ENSAV POLLSAV ~ NUMSYS  DMNDSAV PEAKRED CUSTOVERS
72,1 72,2 73,9 NUMSYS 71, 21 71, 22 CUSTOMERS

ENRED ENSAV POLLSAV ~ NUMBYS DWNDSAV PEAKRED CUSTOMERS

UNIT 40 TYPE 25 CQUTPUT PRI NTER
PARAVETERS 4
*DT TON TCFF LU

1 STCP  STOP 20

I NPUTS 10
*PWDELAY PWRETENTI ON  PWDOWNPAY PWIAXCREDI T PWDVDNDSAV  PVWENSAV
74,6 74,7 74,8 74,9 74,10 74,11
*PVEM SSAV  PWSUBSI DY PWO&M PWDEPREC! ATl ON
74,12 74,13 74,14 74,15

PWDLAY PVWRTN PWWM PWAXCR PWDSAV PWENSV PWESAV PWSUBS PWOSM PWDEPR

UNIT 45 TYPE 25 CQUTPUT PRI NTER
PARAVETERS 4
*DI' TON TOFF LU
1 STOP  STOP 28
I NPUTS 1
* PWLEASE
74, 16
PW.EAS

UNIT 29 TYPE 25 PLOTTI NG PRI NTER

PARAMETERS 5

* DT T_ON T_COFF LU UNI TS
1 START STOP 11 1

| NPUTS 5

* LOAD Wil Load drmdr ed el cdnd sol dnd
11,2 12,1 71,1 el ecdmd sol dnmmd

RgLoad Ut Load dndr ed el cdnd sol dnmd
MV MV kW kw kW

UNIT 65 TYPE 65 ON-LINE PRI NTER
PARAMETERS 15
* # TOP #_BOT YMNL YMX1 YMN2 YMX2 | REF | UP UNI TS NPIC GRID STOP SYM QUT QN OFF

2 2 0 5 0 LIMT 1 1 3 1 7 1 2 0 1
| NPUTS 4
* ELECDWMND  SCLDWND REG ON LOAD PLANT LAGCD

9,2 10, 2 11, 2 12,1

El c_dmd Sol _dmd RgnLoad Ut | Load



144

LABELS 4

kW MV

Syst em Denands
Loads

END

TRNSY S Simulations
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Quick Economic Analysis
* TRNSED

* THIS INPUT FILE I'S TO PROVIDE A QUI CK ECONOM C CALCULATI ON
* FOR CHANGES | N ECONOM C PARAMETERS

ASSIGN C:\ EUSESI A ECON. LST 6

ASSIGN C\ EUSESI A ECON. PLT 11

ASSIGN C\ EUSESI A ECON. QUT 12

ASSIGN C.\ EUSESI A UTI L5. DAT 15

R IR IR S Sk I I S b S I I S S I I S I O S

*kkk k% FRO\”‘ END *kkk k%

R R IR IR S Sk I I S b I I S S I I S I I O S

x| * Electric Uility Solar Energy System | npact Analysis:
*l*

x| * Qui ck Economic Analysis of a Solar Energy System | npl enentation
*l*

*l*

*| * Dat e: | 9/ 95

*|* Organi zati on: | SEL

*|* I nput prepared by: | Trzesni ewski

*l*

*l*

*|* Sol ar Energy System

CONSTANTS 3

SYSCCST = 2. 0000E+0003

*| Installed cost of solar system | $/ uni t| $/ unit]| 0] 1] O] 100000| 0
DOWNPAY = 1. 4000E+0002

*| Customer down paynent on system | $] $] 0| 1] 0] 001000]| 0

LEAS = 0. 0000E+0000

*| Custoner nonthly | ease paynent | $/ nmo| $/ no| 0] 1| O] 001000| O
EQUATI ONS 3

LEASE = LEAS*12

QANDM = 1. 0000E+0001

*| Operation and nmi nt enance | $/ yr-system $/yr-systen 0| 1| 0] 001000| 0
DEPYRS = 5. 0000E+0000
*| Equi pnent depreciation period | yrs|yrs| 0] 1] 0] 000100| 0

*l*

*|* Electric Custoner Retention

CONSTANTS 3

NOPROGLCSS= 1. 0000E+0001

*| % custonmers lost to other fuel wo program |% % 0| 1| 0] 00100| O
PROGLCSS = 8. 0000E+0000

*| % customers lost to other fuel with program| % % 0| 1] 0] 00100| O

RETAI N\RTH= 2. 0000E+0002

*| Val ue of retained custoner | $/ yr| $/yr| 0] 1| O] 10000| O

*l*
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*|* Del ayed Power Plant Construction

CONSTANTS 1

DELAYWORTH= 0. 0000E+0000

*| Val ue of delaying power plant construction |$/ peak kW $/ peak
kW 0| 1| 0] 100000| O

*l*

*| * Government |ncentives for |nvestnent

EQUATI ONS 3

TAXCRD = 1. 0000E+0001

*| Tax credit given for investnent | 94 % 0| 1] 0] 0100. 00| O
TAXCREDI T = TAXCRD/ 100

SUBSI DY = 1. 5000E 0002

*| Energy subsidy | $/ kWh| $/ kwh| 0| 1| O] 100. 000| O

*l*

*|* Econom ¢ Paraneters

CONSTANTS 4

NUMYRS = 1. 5000E+0001

*| Years of economic analysis | yrs|yrs| 0] 1] 1] 000100| O
| RATE = 5. 0000E+0000

*| Inflation rate | 94 % O] 1| 0] 100. 00| O
DRATE = 8. 0000E+0000

*| Discount rate | % % 0] 1| 0] 100. 00| O
TAXBR = 3. 4000E+0001

*| Wility tax bracket | %4 %4 O] 1] 0] 100. 00| O

*l*

*|* Custoner Rate Information

EQUATI ONS 2

W NRATE = 6. 4000E 0002

*| Wnter rate | $/ kWh| $/ kwh| 0] 1| O] 1. 0000| O
SUMRATE = 7. 4500E 0002

*| Summer rate | $/ kWh| $/ kWh| O] 1] O] 1. 0000| O

EQUATI ONS 3

| NFRATE = | RATE/ 100
DI SRATE = DRATE/ 100
TAXBRACK = TAXBR/ 100

EQUATI ONS 3
START = 1
STOP = 1
STEP = 1

SI MULATI ON  START STOP STEP
TOLERANCES . 001 . 001

EE R O S o O O

** DATA READERS **

R O S o O O

UNIT 9 TYPE 99 PRE- ECON DATA READER
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PARAMVETERS 29
* MODE NUMVALS DT HR * + ENRED * + $ENERGY * +

-2 8 1 -110 -210 -310
* POLLSAV * + NUMSYS * + DM\DSAV * + PEAKRED * +
-410 -510 -610 -710

* CUSTOMERS * + LU FRMT
810 15 0
*QUTPUTS:  2) ENRED 3) ENSAV 4) POLLSAV 5) NUMSYS 6) DVNDSAV 7) PEAKLOAD 8) CUSTOVERS

EE I I

** ECONOM CS **

*khkkkkhkhkhkhkhkkhkkhkkhkkk*k

*%%  PRE-ECONOM C SUMVARY EQUATI ONS ***

EQUATI ONS 3

DELAYVAL = DELAYWORTH * [9, 7]

RETAI N\VAL = RETAI NWRTH*[ 9, 8] * ( NOPROGLOSS- PROGLOSS) / 100. 0
SUBSDYCRDT = SUBSI DY * [9, 2]

UNIT 71 TYPE 88 QUI CK ECONOM C SUMVARY
PARAMETERS 10
* LI FE YRS I NFLATI ON DI SCOUNT &/ SYSTEM  DOAN PAYMENT

NUMYRS | NFRATE DI SRATE SYSCOST DOVNPAY
* LEASE OANDM  TAX BRACKET DEPYRS TAX CREDI T
LEASE  OANDM TAXBRACK DEPYRS TAXCREDI T
I NPUTS 7
*  $ENERGY  $DEMAND  $POLLUTI ON DELAY VALUE  SUBSI DY CREDI T
9,3 9,6 9,4 DELAYVAL SUBSDYCRDT

* NUMSYS RETAI NVAL
9,5 RETAI NVAL
50 1.0 3.0 1.0 1.0 1.0 1.0
*QUTPUTS: 1) PRESENT WORTH OF | NVESTMENT 2) LEVELI ZED COST 3) RATE OF RETURN
* 4) LEVELI ZED DEMAND

kkhkkkkkkhkkkk*k*k

*% QUTPUT **
ER R R S I O O
UNIT 25 TYPE 25  PLOTTI NG PRI NTER
PARAVETERS 4
* DI TON TOF LU UNTS

1 START STCOP 11 1
I NPUTS 9
* PRESENT WORTH LEVELSAV ROR NUMYRS | NFRATE DI SRATE
71,1 71,2 71,3 NUMYRS | NFRATE DI SRATE

*SYSCOST DOWNPAY  LEASE

SYSCOST DOWNPAY LEAS

PRESWRTH LEVSAV ROR NUMYRS | NFRATE DI SRATE SYSCOST DWNPAY LEASE
* $ $ % YRS NONE  NONE $ $ $/ o

UNIT 26 TYPE 25  OUTPUT PRI NTER

PARAVETERS 5

* DI TON TOF LU UNTS
1 STOP  STOP 12 1
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| NPUTS 3
* PRESENT WORTH LEVELI ZED COST RATE OF RETURN
71,1 71,2 71,3
PRESVWRTH LEVELCOST ROR
$ $ %

END
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FORTRAN Programs

TYPE 71: Energy, Emission and Demand Analysis
TYPE 72: Marginal Plant Predictor

TYPE 88: Quick Economic Summary

TYPE 89: Economic Summary

TRNOUT: Formatted Output Program

149



TYPE 71. Energy, Emisson and Demand Analysis
subroutine type7l (time,xin,out,t,dtdt,par,info,icntrl,?*)
implicit none

* Standard TRNSYS decl arati ons
COMVON / SIM Tl MEO, TFI NAL, DELT, | WARN
doubl e precision xin,out
real tine,t,dtdt,par,tfinal,tine0,delt,iwarn
integer info,icntrl
di nensi on xi n(5),out(23),t(1),dtdt(1), par(20),info(15)

*  Type input and paraneter variables
doubl e precision el ecdnmd, sol dmd, | oad, syst ens, pl nt
i nteger sol node, | u
doubl e preci sion C2worth, SO2wor t h, NOXwor t h, N2Owor t h,
PARTSwor t h, CHAwor t h, HGaor t h, NUKEwor t h, drmdwor t h,
trnsl oss, di stloss, reservenar,trnsworth, di stworth

* Loop and external file variables

doubl e precision dunid, opcost, CO2nmass, SO2mass, NOXmass, N2Oress,
PARTSmass, CH4mass, HGrass, NUKEmass

integer i,j,nunplants, order,dum hrtine, runtime

character*4 marpl ant (1000)

di nensi on opcost (1000), CO2mass(1000), S2rmass(1000) , NOXmass(1000),
N20Omass(1000) , PARTSmass(1000) , CH4mass(1000) , HGrass(1000),
NUKEnass(1000)

* Energy cal cul ation vari abl es
doubl e precision enred_g, enred_c, ensavi ngs, TDl oss

* Emi ssion cal culation variables
doubl e precision pollsavings

CQ2r ed, SQ2r ed, NOXr ed, N2Or ed, PARTSr ed, CH4r ed, HGr ed, NUKEr ed

CQ2val , SQ2val , NOXval , N2Oval , PARTSval , CH4val , HGval , NUKEva

* Demand/ Reliabilty cal culation variabl es
i nt eger nunpeaks, dnmdnode, peakhour
doubl e precision mar EUE, peakl oad, CCl ref, CCl opti on, dnmdr ed,
dmdsavi ngs, del dmd, wgt denr ed, annwgt denr ed, noni nal cap,
currentcap, trnsred, di stred, del trns, del di st, CRR
di nensi on peakl oad(8760), peakhour (8760), del dmd(8760),
del trns(8760), del di st (8760)

EE R I S O O O S O S S O O

EE R I S O O O S O S S O O

call typeck(1,info,5,20,0)

hrtime = int(time+. 001)

150
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runtime = int(tfinal+. 001)

el ecdmd = xin(1)

sol dmd = xin(2)

| oad = xin(3)

pl nt = int(xin(4)+. 001) I*#*x*x* jdentify margi nal plant
mar EUE = xi n(5)

systens = par(1)
C2worth = par(2)
S2worth = par(3)

NOXworth = par (4)

N2Oworth = par (5)

PARTSwort h = par ( 6)

CHAworth = par (7)

HGwrth = par(8)

NUKEwort h = par (9)
reservenmar = par (10)
dmdwort h par (11)
trnsworth par (12)

di stworth = par(13)

dmdnode = int(par(14)+.001)
nunpeaks = int(par(15)+.001)
CClref = par(16)

trnsl oss = par(17)

di stl oss = par(18)

sol node = int(par(19)+.001)
lu = int(par(20)+.001)

info(6) = 23 I nunber of outputs
info(9) =3 Icall routine at the end of each tinestep

EE R I S kO O O S I

EE R I S O S O O I I O O O

* Read in the plant data
if (info(7) .eq. -1) then
read(lu,*) nunplants
do i =1, nunpl ants
read(lu,*) dum marplant (i), dunil, dum dum dum dum
dum dum dum dum dum dum, dumd, duni, duni, dumt,
duml, dum, duni, dumd, opcost (i), CO2nmass(i), SO2nmass(i),
NOXmass (i), N2Orass(i ), PARTSnass(i), CH4mass(i),
HGrass (i), NUKEmass(i)
enddo
nom nal cap = 0.0 I'nom nal capacity of the option
endi f

EE R I S O O O S O O O O O O O

EE R R S S S O O O o O

* Energy reduction
* ** Note: g -> at generation |evel
* c -> at custoner |eve
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TDl oss = (1-trnsloss)*(1-distloss)

if (solnmode .eq. 1) then I*** option reduces electric denmand
enred_g =(el ecdmd- sol dnmd) *syst ens/ TDl 0ss
enred_c = (el ecdmd- sol dnmd) *syst ens
ensavi ngs = enred_g*opcost (pl nt)
currentcap = el ecdmd*syst ens
el seif (solnpbde .eq. 2) then I*** option generates electricity
enred_g = sol dmd*syst ens/ TDl oss
enred_c = sol dmd*systens
ensavi ngs = enred_g*opcost (pl nt)
currentcap = sol dmd*systens
el se
print*, 'ERROR, SOLAR MODE NOT SPECI FI ED CORRECTLY
endi f
if (currentcap .gt. nom nal cap) then
nom nal cap = currentcap
endi f

EE R O S S O O S I O R o O O R O O

EE R O S S S S O S I O o O O R S O o O O O I S O

* Pollution reduction

* Convert pollution savings fromkwW to MM
C2red = enred_g/ 1000 * CO2mass(pl nt)
CQ2val = CQ2red * CO2worth
S2red = enred_g/ 1000 * S2nass(pl nt)
SQ2val = SQ2red * S2worth
NOXred = enred_g/ 1000 * NOXmass(pl nt)
NOXval = NOXred * NOXworth
N2Ored = enred_g/ 1000 * N2Omass(pl nt)
N2Oval = N2Ored * N2Oworth
PARTSred = enred_g/ 1000 * PARTSnass(plnt)
PARTSval = PARTSred * PARTSworth
CH4red = enred_g/ 1000 * CH4nmass(pl nt)
CH4val = CH4red * CH4worth
HG ed = enred_g/ 1000 * HGrass(pl nt)
HGval = HGed * HGmrth
NUKEr ed = enred_g/ 1000 * NUKEnass(pl nt)
NUKEval = NUKEred * NUKEworth
pol | savi ngs = CQ2val +SQ2val +N2Oval +NOXval +PARTSval +CH4val +HGval

+ NUKEval

EE R I kO O O O O o O R o O o O

EE R O S O S O S I o S O O

* Demand/ Reliablility cal cul ations:
* - Mode 1: Demand based on a given nunber of peak hours
* - Mdde 2: Systemreliability based on the whol e year

*** Mpde 1 - Demand cal cul ations ***
if (dmdnode .eq. 1) then
if (info(7) .eq. -1) then
call intzero(peakhour, nunpeaks)
call real zer o( peakl oad, nunpeaks)
call real zero(del dmd, nunpeaks)
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dmdred = 0.0
trnsred = 0.
distred = 0.

dmdsavings = 0.0
CCloption = 0.0

endi f
if (load .gt. peakl oad(nunpeaks)) then

peakl oad( nunpeaks) = | oad

peakhour ( nunpeaks) = hrtine

del dmd( nunpeaks) = enred_g*(1+r eservenar)
del trns(nunmpeaks) = enred_c/ (1-di stl oss)
del di st (nunpeaks) = enred_c

cal | sort(peakl oad, peakhour, del dmd, del trns, del di st, nunpeaks

)

endi f
if (hrtine .eq. runtime) then
do i =1, nunpeaks
dmdred = dmmdr ed+del dnmmd(i )/ nunpeaks
trnsred = trnsred+del trns(i)/nunpeaks
di stred = di stred+del di st (i)/nunpeaks
enddo
dmdsavi ngs = dmdred*dmdworth + trnsred*trnsworth
+ di stred*di stworth
1** average inpact at custoner level, not really a CCl
1** define as energy reduction ratio (CRR
CRR = dmmdr ed* TDl oss/ (1+reservenar)/ nom nal cap
CCloption = CRR
endi f
* k% k% end n-Ddel *k kk k%

*** Mode 2 - Reliability calculations
el seif (dmdnode .eq. 2) then
if (info(7) .eq. -1) then

peakl oad(1) = 0.0
dmdsavings = 0.0
dmdred = 0.0
trnsred = 0.0
distred = 0.0
annwgt denred = 0.0 lannual wei ghted energy reduction
endi f

if (load .gt. peakload(1l)) then
peakl oad(1) = | oad
peakhour (1) = hrtinme
del dmd(1) = enred_g*(1l+reservemnar)
deltrns(1) = enred_c/(1-distloss)
deldist(1) = enred_c
endi f
wgt denred = enred_c*nmar EUE 'hourly wei ghted energy reduction
annwgt denred = annwgt denr ed+wgt denr ed
if (hrtime .eq. runtine) then
CCl opti on = annwgt denr ed/ noni nal cap
dmdred = CCl opti on/ CCl ref *nom nal cap*( 1+reservemar)
/ TDI oss
trnsred CCl opti on/ CCl r ef *noni nal cap/ (1-di stl oss)
di stred = CClopti on/ CCl ref*nom nal cap
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dmdsavi ngs = dmmdred*dmdworth + trnsred*trnsworth +
di stred*di stworth
endi f
* k k% end rmdez *kkkk*k

*** Error nmessage if not node 1 or 2
el se
print*, 'ERROR, DEMAND MODE NOT SPECI FI ED CORRECTLY IN TYPE 71'
endi f

EE R O o O o O S kR O O

EE R I S S O S O o I O o S O O O O O I O O

out(1l) = enred_g
out (2) ensavi ngs

out (3) = C2red
out (4) = CQ2va

out (5) = SQ2red
out (6) = SQ2va

out (7) = NOXred
out (8) = NOxval

out (9) = N2Ored
out (10) = N2Oval
out (11) = PARTSred
out (12) = PARTSval
out (13) = CH4red
out (14) = CH4val
out (15) = HGed
out (16) = HGval

out (17) = NUKEred
out (18) = NUKEva
out (19) = poll savings

out (20) = dmdred

out (21) = dmmdsavi ngs
out (22) = del dmd(1)
out (23) = CCloption

EE R O S O S O S O S o O I O R o O O O R O

EE R I o O o S O O o S R R o O O o O O I O

return 1
end

EE R I S O S O O I o O O

EE R I S O O O S O o O O O O

subroutine real zer o( peak, nunpeaks)
i nt eger nunpeaks, i

doubl e precision peak

di mensi on peak(8760)

do i = 1, nunpeaks
peak(i) = 0.0
enddo
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return
end

EE R I S O S O S I O O

EE R I S S I O O S R O O o O O I O O

subroutine intzero(peak, nunpeaks)
i nt eger nunpeaks, peak,
di nensi on peak(8760)

do i = 1, nunpeaks
peak(i) =0

enddo

return

end

EE R S S O O O O I kR R O O I O O R O O

EE R O S S O O S I O R o O O R O O

subroutine sort(peakl oad, peakhour, del dmd, del t rns, del di st, nunpeaks
- )
i nt eger peakhour, nunpeaks,
doubl e precision peakl oad, del dnmd, del trns, del di st
di nensi on peakhour (8760), peakl oad(8760), del dmd(8760),
del trns(8760), del di st (8760)

do i =1, nunpeaks-1
ptr =i
first = i+1
do j =first, nunpeaks
if (peakload(j) .gt. peakload(ptr)) then
ptr = j
endi f
enddo
call real swap(peakl oad(i), peakl oad(ptr))
cal |l intswap(peakhour (i), peakhour(ptr))
call real swap(del dmd(i), del dmd(ptr))
call real swap(deltrns(i),deltrns(ptr))
call real swap(deldist(i),deldist(ptr))
enddo

return
end

EE R O S O S O S I o S O O

EE R I S O O O S O O O O O O O

subroutine real swap(original, new)
doubl e precision original, new hold

hol d = origina
original = new

new = hol d

return
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end

EE R I S O S O S I O O O O O R S O

EE R O o o S O O

subroutine intswap(original, new)
i nteger original,new hold

hold = origi nal
original = new
new = hol d

return
end

EE R I S S O S O o I O o S O O O O O I O O
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TYPE 72: Marginal Plant Predictor

subroutine type72 (time,xin,out,t,dtdt,par,info,icntrl,?*)
implicit none

EIE R S O o O R I O O

**  MARG NAL PLANT PREDI CTOR **

EIE R S O o O R I O O

* Standard TRNSYS decl arati ons
doubl e precision xin,out
real tine,t,dtdt, par
integer info,icntrl
di nensi on xin(2),out(5),t(1),dtdt(1), par(1),info(15)

* TYPE specific variable declarations

i nteger i, nunplants, dnont hl, ddayl, unont hl, uday1, dnont h2, dday?2
unont h2, uday?2, dwnhrs, out hrs, outtine,sintine, LU plint,j,
downl, upl, down2, up2

doubl e precision cap,fullout, partoutl, partcapl, partout?2, partcap2,
partout 3, partcap3, partout 4, part cap4, dum f oacap, f soacap,
f oaf act, f soaf act, | oad, t ot cap, mar EUE, nar cost, opcost

| ogi cal plantfind

character plant*10

di nensi on pl ant (5000), cap(5000), dnont h1(5000), dday1(5000),
unont h1(5000), uday1(5000), dnont h2(5000), dday2(5000),
unont h2(5000) , uday2(5000), ful | out (5000), partout 1(5000),
part capl(5000), partout 2(5000), part cap2(5000), partout 3(5000),
part cap3(5000), partout 4(5000), part cap4(5000), dwnhrs(5000),
f oacap(5000), f soacap(5000), out hr s(5000), down1(5000),
upl(5000), down2(5000), up2(5000), opcost (5000)

EE R I S O S O S O S O I R S O I o O O O R O O

EE R I S O S O O I I O O O

call typeck(1l,info,2,1,0)
simime = int(time+. 001)

| oad = xin(1)
mar EUE = xi n(2)

LU = int(par(1)+.001)

info(6) = 3 I'nunber of outputs
info(9) =3 Icall routine at end of each tinestep

EE R I S O O O S O O O O O O O

EE R I S O O O S O O O O O O O

if (info(7) .eq. -1) then
read(LU, *) nunpl ants
do i = 1,nunplants
read(LU, *) dumplant(i),cap(i),dnonthl(i), ddayl(i),
unont h1(i), udayl(i), dnonth2(i), dday2(i), unonth2(i),

157
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uday2(i), dwnhrs(i),fullout(i),partoutl(i), partcapl(i),
partout 2(i), partcap2(i), partout3(i), partcap3(i),
partout4(i), partcap4(i), opcost (i), dum dum dum dum dum,
dum dum dum

fullout(i) = fullout(i)/100

partout1(i) = partout1(i)/100
partout2(i) partout2(i)/ 100
partout 3(i) partout 3(i)/ 100
partout4(i) partout4(i)/ 100

downl(i) = outtime(drmonthl(i), ddayl(i))

upl(i) = outtine(unonthl(i), udayl(i))
down2(i) = outtime(drmonth2(i), dday2(i))
up2(i) = outtine(unonth2(i), uday2(i))

dwnhrs(i) = dwnhrs(i)*168 I schedul ed out age hours
outhrs(i) = upl(i)-downl(i)+up2(i)-down2(i) !'est. outage period

foafact = (1-fullout(i) - (partcapl(i)*partoutl(i)+
partcap2(i)*partout2(i)+partcap3(i)*partout3(i)+
partcap4(i)*partoutd(i))/cap(i))

foacap(i) = cap(i)*foafact

if (dwnhrs(i) .le. outhrs(i)) then
if (outhrs(i) .eq. 0) then
fsoafact = 1.0
el se
fsoafact = 1.0 - real (dwnhrs(i))/real (outhrs(i))
endi f
el se
fsoafact = 1.0
print*, 'ERROR, ACTUAL OUTAGE PERI OD EXCEEDS SCHEDULED QU

. TAGE PERI OD FOR PLANT ',i,', ',plant(i)
print*
endi f
fsoacap(i) = fsoafact*foacap(i)
enddo
endi f

EE R O S O S O S O S o O I O R o O O O R O

EE R I S O S O S O O O O O

plantfind = .fal se
totcap = 0
do j = 1, nunplants
if (((sintime.ge.downl(j)).and.(sintinme.lt.upl(j))) .or.
((sintime.ge.down2(j)).and. (sintine.lt.up2(j)))) then
totcap = totcap + fsoacap(j)

el se
totcap = totcap + foacap(j)
endi f
if ((totcap .gt. load) .and. (.not. plantfind)) then I'find margina
pl ant
plantfind = .true.
plnt =j

mar cost = opcost(j)
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endi f
if ((.not.plantfind).and.(j.eq.nunplants)) then
print*, ' ERROR MARG NAL PLANT NOT FOUND OR LOAD EXCEEDS TO
. TAL CAPACITY AT HOUR ',sintinme,'. THE LAST PLANT WLL BE ASSUMED
. THE MARG N.'
plnt =j
goto 20
endi f
enddo

20 conti nue

EE R I S S O S O o I O o S O O O O O I O O

EE R O S O S O o O O R O O

out(1) = Iload
out(2) = plnt
out (3) = nmar EUE
out (4) = marcost
out (5) = totcap
return 1

end

EE R O S S O O O S I O O O

EE R O S S O O O S I O O O

function outtine(nonth, day)
implicit none
i nteger outtime, nonth, day

if (nmnth .eq. 0) then
outtime = 0
elseif (nonth .eq. 1) then
outtime = (day-1)*24 + 1
elseif (nonth .eq. 2) then
outtime = (31+day-1)*24 + 1
elseif (month .eq. 3) then
outtime = (59+day-1)*24 + 1
elseif (nonth .eq. 4) then
outtime = (90+day-1)*24 + 1
elseif (nonth .eq. 5) then
outtime = (120+day-1)*24 + 1
elseif (nonth .eq. 6) then
outtime = (151+day-1)*24 + 1
elseif (nonth .eq. 7) then
outtime = (181+day-1)*24 + 1
elseif (nonth .eq. 8) then
outtime = (212+day-1)*24 + 1
elseif (nonth .eq. 9) then
outtime = (243+day-1)*24 + 1
elseif (month .eq. 10) then
outtime = (273+day-1)*24 + 1
elseif (month .eq. 11) then
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outtinme

(304+day-1)*24 + 1

elseif (month .eq. 12) then

outtinme
endi f

end

(334+day-1)*24 + 1

FORTRAN Code



FORTRAN Code 161

TYPE 88. Quick Econonomic Summary

subroutine type88 (tine,xin,out,t,dtdt,par,info,icntrl,*)

R O S S o O S I O O

** QU CK ECONOM C ANALYSI S **

R O S S o O S I O O

implicit none

* Standard TRNSYS decl arati ons
COMVON / SIM Tl MEO, TFI NAL, DELT, | WARN
doubl e precision xin,out
real tine,t,dtdt,par,tfinal,tine0,delt,iwarn
integer info,icntrl
di nension xin(7),out(3),t(1),dtdt(1), par(10),info(15)

* Econonmic variable declarations
doubl e precision PresWrth,investnent, del ay,retention,inf,dis,
ener gy, demand, pol | uti on, oandm syscost, PWF, | evel cost,
t axbr acket, depreci ati on, maxdi f, ror, PWA, B, C, D, dPW
dPWF_d, downpay, | ease, t axcredi t, subsi dy, nunsys, nunyrs,
. depyrs
integer |lc,found, runtinme,sintine

EE R O S S O O O S I O O O

EE R O S S O O O S I O O O

call typeck(1,info,7,10,0)

sintinme = int(tine+. 001)
runtinme = int(tfinal+.001)
energy = xin(1l)

demand = xin(2)

pol lution = xin(3)
del ay = xin(4)
subsi dy = xi n(5)
numsys = Xi n(6)
retention = xin(7)

numyrs = par (1)

inf = par(2)

dis = par(3)
syscost = par(4)
downpay par (5)

| ease = par(6)
oandm = par (7)

t axbracket = par(8)
depyrs = par(9)
taxcredit = par(10)

i nf o( 6)
i nf o(9)

3 I'nunber of outputs
3 Icall routine at the end of each tinestep
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EE R O S S O S O S O R O O

EE R I S O S O S I O O

if (sintime .eq. runtine) then
i nvestment = nunsys*syscost
downpay = downpay*nunsys
| ease = | ease*nunsys
oandm = oandnt nunsys
taxcredit = taxcredit*investnent
if (depyrs .eq. 0) then
depreciation = 0
el se
depreciation = investment/depyrs*taxbracket
endi f
= -i nvest ment +del ay+r et ent i on+downpay+t axcr edi t +demand
B = energy+pol | uti on+subsi dy- oandm
C = depreciation
D = | ease
Presworth = A + B*PWF(nunyrs,inf,dis) + C-PW(depyrs, 0.dO0, dis)
+ D*PWF(nunyrs, 0.d0, di s)
| evel cost = PresWort h/ PWF( nunyrs, 0. dO, di s)

C Calculate the Rate of Return (Return on |nvestnent)
maxdi f = . 0001

lc =0 lintitialize | oop conter
found =0 l'if found = 1 -> the solution has converged
ror = dis linitial guess value for rate of return

10 lc = lc+l

PW= A + B*PWF(nunyrs,inf,ror) + C*PW(depyrs,0.dO,ror)
+ D*PWF(nunyrs, 0.dO, ror)
if (abs(PW .It. maxdif) then
found = 1
el se
dPW =B*dPWF_d( nunyrs,inf,ror) + C~dPW_d(depyrs, 0.dO, ror)
+ D*dPWF_d(nunyrs, 0.dO0, ror)
ror = -PW (dPW. 00001) + ror
if (Ic .eq. 10000) then
print*, 'ror has not converged'
goto 20
endi f
endi f
if (found .eq. 0) goto 10

EE R O I O S O O S R R O O O o O o O

20 conti nue
out (1) = PresWrth
out (2) = level cost
out(3) = ror*100
endi f
return 1
end

EE R I S O S O S O O



FORTRAN Code 163

TYPE 89: Economic Summary

subroutine type89 (tine,xin,out,t,dtdt,par,info,icntrl,*)

EE R O Ok O o O O O

** ECONOM C ANALYSI S **

R O kO o O O O

implicit none

* Standard TRNSYS decl arati ons
COMVON / SIM Tl MEO, TFI NAL, DELT, | WARN
doubl e precision xin, out
real tine,t,dtdt,par,tfinal,tine0,delt,iwarn
integer info,icntrl
di nensi on xin(4),out(16),t(1),dtdt(1), par(13),info(15)

* Econonmic variable declarations

doubl e precision PresWrth,investnent, del ay,retention,inf,dis,
ener gy, demand, pol | uti on, oandm syscost, PWF, | evel cost,
t axbr acket, depreci ati on, maxdi f, ror, PWA, B, C, D, dPW
dPWF_d, downpay, | ease, t axcredi t, subsi dy, Dmdwor t h, nunsys,
nunmyr s, depyr s, ener gyPW pol | uti onPW oandnPW | easePW

. subsi dyPW depr eci at i onPW

integer Ic,found, runtinme,sintine

EE R O S S O O O S I O O O

EE R I S O S O S I O O O O O O I O O

call typeck(1,info,5,12,0)

int(time+.001)
int(tfinal+. 001)

sintinme
runtime

energy = xin(1l)
demand = xin(2)
pol lution = xin(3)
del ay = xin(4)
subsi dy = xi n(5)

numyrs = par (1)

inf = par(2)

dis = par(3)

nunsys = par (4)
syscost par (5)
downpay = par (6)

| ease = par(7)
oandm = par (8)
retention = par(9)
taxbracket = par(10)
depyrs = par(11)
taxcredit = par(12)

info(6) =3 I nunmber of outputs
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info(9) =3 Icall routine at the end of each tinestep

EE R I S O S O S I O O O O O R S O

EE R IR S S R S R R R S I S S I I I S I R S I S I I S I I R I R R I R S I Rk I R S I R S I S S O S I
if (sintime .eq. runtinme) then
i nvestment = nunsys*syscost
downpay = downpay*nunsys
| ease = | ease*nunsys
oandm = oandnt nunsys
taxcredit = taxcredit*investnent
if (depyrs .eq. 0) then
depreciation = 0

el se
depreciation = investment/depyrs*taxbracket
endi f
A = -invest ment +del ay+r et enti on+downpay+t axcr edi t +denand

B = energy+pol | uti on+subsi dy- oandm
ener gyPW = ener gy* PWF( nunyrs, i nf, di s)
pol | uti onPW = pol | uti on* PAF( nunyrs, i nf, di s)
subsi dyPW = subsi dy* PWF( nunyrs, i nf, di s)
oandnPW = oandnt PWF( nunyrs, i nf, di s)
C = depreciation
depr eci ati onPW = C*PWF(depyrs, 0. dO, di s)
D = | ease
| easePW = D* PWF( nunyrs, 0. dO, di s)
PresWworth = A + B*PWF(nunyrs,inf,dis) + C*PW(depyrs, 0.dO, dis)
+ D*PWF(nunyrs, 0.d0, di s)
| evel cost = PresWort h/ PWF( nunyrs, 0. dO, di s)
DrmdWort h demand/ PWF(nunyrs, i nf, dis)

C Calculate the Rate of Return (Return on |nvestnent)
maxdi f = . 0001

lc =0 lintitialize | oop conter
found = 0 l'if found = 1 -> the solution has converged
ror = dis linitial guess value for rate of return

10 lc = lc+l

PW= A + B*PWF(nunyrs,inf,ror) + C*PW(depyrs,0.dO, ror)
+ D* PWF( numyrs, 0. dO, ror)
if (abs(PW .It. maxdif) then
found = 1
el se
dPW = B*dPWF_d(nunyrs,inf,ror) + C~dPW-_d(depyrs, 0.dO,ror)
+ D*dPWF_d(nunyrs, 0.dO, ror)
ror = -PWdPW + ror
if (lc .eq. 10000) then
print*, 'ror has not converged'
goto 20
endi f
endi f
if (found .eq. 0) goto 10

EE R I S O O O S O S S O O

20 conti nue
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out (1) = PresWrth
out (2) = level cost
out(3) = ror*100
out (4) = DmdWwrth
out (5) = investnent
out (6) = del ay
out(7) = retention
out (8) = downpay
out (9) = taxcredit
out (10) = denand
out (11) = energyPW

out (12) = poll utionPw
out (13) = subsi dyPW

out (14) = oandnPW
out (15) = depreciati onPW
out (16) = | easePW

endi f

return 1
end

EE R O S S S S O S I O o O O R S O o O O O I S O

EE R I S O S O O O O

function PWF(N, i, d)
doubl e precision i,d, N, PW

if (i.eq.d) then

PW = N (1+i)
el se

PW = (1-((1+i)/(1+d))**N)/(d-1i)
endi f

return
end

EE R I S O S O O I I O O O

EE R S S O O kO O kO R O S O S O O O O O

functi on dPWF_d(N, i, d)
doubl e precision i,d, N, dPW_d, PW

if (i.eq.d) then
dPWF d = -N (d+1)**2

el se
dPWF_d

endi f

(N (L1+4d)*((1+i )/ (1+4d) ) **N-PWF(N, i,d))/ (d-i)

return
end

EE R I S O O O S O O O O O O O
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TRNOUT: Formatted Output Program

program trnout
implicit none

real enred, ensav, CQ2red, CQ2val , SQ2r ed, SQ2val , N2Or ed, N2Oval
NOXr ed, NOXval , PARTSr ed, PARTSval , CH4r ed, CH4val , HGr ed, HGval ,
NUKEr ed, NUKEval , pol | sav, dmdr ed, dnmmdsav, PresWrt h, Level Cost,
ROR, ti e, systens, CCl, sunrate, wi nrate, enredno, sf np, t ot sav,
dnode, sol dndno, el cdndno, cust sav, SysCost, del ay, retenti on,
down, t axcr, PAMmdsav, PWensav, PWeni ssav, PWsubsi dy, PWbandm

. PWlepr , PW eas

i nteger sys, dmdnode,

di nensi on enredno(13), sfmo(13), sol dndno(13), el cdndno(13),

custsav(13)

open(unit=10,file=
open(unit=11,file=
open(unit=12,file=
open(unit=13,file=
open(unit=14,file=
open(unit=15,fil e=
open(unit=16,fil e=

EUSESI A\ utility.out',status="unknown')
EUSESI A\ util 1. dat', status="unknown")

EUSESI A\ util 2. dat', status="unknown
EUSESI A\ util 3. dat', status="unknown
EUSESI A\ util 4. dat', status="unknown
EUSESI A\ util 6. dat', status="unknown
EUSESI A\ util 7. dat', status="unknown

O o0 o0 o0 o o o
— - - - - - -

— — N — —

C Read past line containg lable from TYPE 25 printer
read(11, *)
read(12, *)
read(13, *)
read(14, *)
read(15, *)
read(16, *)

read(11,*) time, enred, ensav, CO2r ed, CQ2val , SQ2r ed, SQ2val , NOXr ed
. NOXval , N2Or ed, N2Oval
read(12,*) tine, partsred, partsval, CHdred, CHdval , HG ed, HGval ,
. NUKEr ed, NUKEval , pol | sav, syst ens
read(13,*) tine, dmmdred, dmdsav, CCl, PresWrt h, Level Cost, ROR
sunt at e, wi nr at e, dnode, SysCost

Cread first line of data in this file

read(14, *)

el cdndmo(13) = 0
sol dndmo(13) = 0
enredno(13) =0
custsav(1l3) =0

doi =1,12
read(14,*) tine,soldndno(i), el cdnmdno(i)
enredno(i) = elcdmdno(i) - sol dmdno(i)
sol dmdno( 13) sol dmdno(13) + sol dndro(i)
el cdmdno( 13) el cdmdno(13) + el cdndno(i)
enredno(13) = enredno(13) + enredno(i)
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enddo

read(15,*) tinme, del ay,

retention, down, t axcr, PMimdsav, PWensav,

PWem ssav, PWsubsi dy, PWbandm PWlepr

read(16,*) tinme, PWeas

if (elcdmdno(13) .ne.

do i=1,5
custsav(i)

enddo

do i=6,9
custsav(i)

enddo

do i =10, 12
custsav(i)

enddo

do i=1,13

0) then

enredno(i)*wi nrate

enredno(i)*sunrate

enredno(i)*w nrate

sfmo(i) = enredno(i)/el cdmdno(i)

enddo
do i=1,12

custsav(13) = custsav(13) + custsav(i)

enddo
el se

do i=1,5
custsav(i)

enddo

do i=6,9
custsav(i)

enddo

do i=10, 12
custsav(i)

enddo

do i=1,12

sol dmdno(i ) *wi nrate

sol dmdno(i ) *sunrate

sol dmdno(i ) *wi nrate

custsav(13) = custsav(13) + custsav(i)

enddo
endi f

totsav = ensav+pol | sav+dmdsav
sys = int(systens+.001)

dmdnode = int(dnode+.

SysCost = SysCost*rea

wite(10,*)
wite(10,*)

. pact Analysis:'
wite(10,*)
write(10,%*)

.ol ar Energy Systen
write(10,*)
wite(10,*)
wite(10,*)
.he First Year
write(10,200) sys

' %% %% %%

*kkkkx!

Ener gy and Environnent al

001)
(sys)

Electric Uility Solar Energy SystemIm

I mpact of a Large Scale Inplemention of a S
on an Electric Uility'

| npact Summary for t

167
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wite(10,*)
wite(10,*)
(%)
write(10,100) enred, ensav
wite(10,*)
write(10,*)

Ener gy Reduction (kW)

.gs (9)

write(10,101) CO2red, CQ2val
write(10,102) SC2red, SQRval
write(10,103) NOXred, NOXval
write(10,104) N2Ored, N2Oval
wite(10,105) partsred, partsval
write(10,106) CH4red, CH4val
wite(10,107) HG ed, HGval
write(10,108) NUKEr ed, NUKEval
wite(10,109) pollsav
wite(10,*)
wite(10,*)

(%)
write(10,110) dmdred, dmdsav
wite(10,*)
wite(10,*)

Demand Reduction (kW

(%)

wite(10,111) totsav
wite(10,*)
write(10,%*)

R

Economi ¢ Anal ysis Sumary

R I O S O O O

wite(10,*)
write(10,300) SysCost
write(10,301) PWandm
write(10,302) PWensav
write(10,303) PWeni ssav
write(10,304) Pwimmdsav
write(10,305) PWiepr
write(10,306) down
wite(10,307) PWeas
write(10, 308) taxcr
write(10,309) PWsubsidy
wite(10,310) retention
wite(10,311) del ay
wite(10,*)
wite(10,312) PresWrth
write(10,313) Level Cost
wite(10,314) ROR
wite(10,*)
Wlte(lo,*) " %% %% %%
wite(10,%*)
wite(10,*)

IF (INT(el cdmdnp(13) -.001) .ne. 0) THEN
write(10,%*) El ¢ (kW) Sol (kwh)
Savi ngs ($)

Em ssi on Reduction (Ibm

FORTRAN Code

Ener gy Savi ngs

Em ssion Savin

Demand Savi ngs

Total Savings

EE R I S

System Performance Summary and Custoner Savin

gs R R O S Sk

Resul ts based on average system perfornance'

(kW) SF

write(10,401) el cdndno(1l), sol dnmdno(1), enredno(1), sfno(1),

custsav(1l)
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write(10,402)
.mxite(10,403)
.mxite(10,404)
.mxite(10,405)
.mxite(10,406)
.mxite(10,407)
.mxite(10,408)
.mxite(10,409)
.mxite(10,410)
.mxite(10,411)
.mxite(10,412)

wite(10,*)
wite(10,413)

write(10,*)

ELSE
wite(10,*)
write(10,501)
write(10,502)
write(10,503)
write(10,504)
write(10, 505)
write(10, 506)
write(10,507)
write(10, 508)
write(10,509)
write(10,510)
write(10,511)
write(10,512)
wite(10,*)
write(10,513)
ENDI F

write(10,*)
| F (dmdnode
wite(10,*)

ELSE
wite(10,*)

el cdmdnmo( 2), sol dndno(2), enredno(2), sfno(2),

custsav(2)

el cdmdno( 3), sol dndno(3), enredno(3), sf no(3),

custsav(3)

el cdmdnmo( 4), sol dndno(4), enredno(4), sfno(4),

custsav(4)

el cdmdnmo(5), sol dndno(5), enredno(5), sf no(5),

cust sav(5)

el cdmdnmo( 6) , sol dndno( 6), enredno(6), sf no(6),

custsav(6)

el cdmdmo( 7), sol dndno(7), enredno(7), sfnmo(7),

custsav(7)

el cdmdno(8), sol dndno(8), enredno(8), sfnmo(8),

custsav(8)

el cdmdnmo(9), sol dndno(9), enredno(9), sf no(9),

custsav(9)

el cdmdno( 10), sol dndno( 10) , enr edno( 10) , sf no( 10) ,

cust sav(10)

el cdmdno( 11), sol dndno(11), enredno(11), sfnmo(11),

custsav(11)

el cdndno(12), sol dndno(12), enredno(12), sfno(12),

custsav(12)

el cdmdno( 13), sol dndno( 13), enredno(13), sf no(13),

custsav(13)

El cGen (kW)
sol dmdrmo( 1), cust sav( 1)
sol dmdmo( 2) , cust sav(2)
sol dmdno( 3), cust sav(3)
sol dndnmo(4), cust sav(4)
sol dndnmo(4), cust sav(5)
sol dndnmo( 6), cust sav(6)
sol dndnmo(7), cust sav(7)
sol dndnmo( 8), cust sav(8)
sol dndno(9), cust sav(9)
sol dmdno( 10) , cust sav(10)
sol dndno(11), cust sav(11)
sol dndno(12), cust sav(12)

sol dmdnmo( 13), cust sav(13)

eq. 1) THEN

Savi ngs ($)

Option Capacity Reduction Ratio
wite(10,112) CC

Option Capacity Contribution Index '

wite(10,112) CC

ENDI F
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100

101
102
103
104
105
106
107
108
109
110
111
112
200
300
301
302
303
304
305
306
307
308
309

310
311

312
313
314

401

402

403

-FCRNATC
-FCRNATC
-FORMKTC
-FCRNATC
- FORMAT( "
-FORMKTC
-FCRNATF
-FORMKTC

FORMAT(

")

-FORMKTC
.FORMKTC
.FCRNATC

FORMAT("

FORMAT(
FORMAT( '
FORMAT ("
FORMAT( '
FORMAT ("
FORMAT(
FORMAT ("
FORMAT ("
FORMAT ("
FORMAT ("
FORMAT("
FORMAT ("

FORMAT('
FORMAT( "
FORMAT("

FORMAT('

FORMAT( "

FORMAT( '
.3,
FORMAT( "
.3,

', F12.
o ' F12
s ' F12
NOX ' F12.
N20 ' F12
Parts ' F12.
CH4 ' F12
HG ' F12.
NUKES ', F12.
' F12.

', F12.3)

Resul ts based on:'

Present
Pr esent
Present
Pr esent
Pr esent
Present
Present
Present
Present
Pr esent
Present
Present

Wort h
Wort h
Worth
Wort h
Wort h
Wort h
Worth
Wort h
Wort h
Wort h
Wrth
Wort h

of
of
of
of
of
of
of
of
of
of
of
of

0, "
0, ",
0, ",
0, "

0, "

0, b

0, b

,15," solar systemns
I nvest nent

oM

Ener gy Savi ngs

Emi ssi on Savi ngs
Demand Savi ngs
Depreci ation
Downpaynent s

Lease Paynents

Tax Credit

Ener gy Subsi dy
Custoner Retention
Del ay Val ue

Present Worth of Life Cycle Savings
Level i zed Savi ngs of Option
I nvst ment of Option

Rat e of

JAN

FEB

MAR

',F6.0,'
', F6.2,"
', F6.0,'
', F6.2,"
',F6.0,'
', F6.2,"

', F6.0,’

',F6.0,'

', F6.0,’

F12.0,'
F12.0,'
F12.0,'
F12.0,'
F12.0,'
F12.0,'
F12.0,'
F12.0,'
F12.0,'
', F12.0,'
F12.0,'

', F12.0,'

")

, F14.
, F14.
, F14.
, F14.
, F14.
, F14.
, F14.
, F14.
, F14.
, F14.
, F14.
, F14.

SRR A A A

$' ,F14.0,'
$' ,F14.0,'

0OC0O00O0O0O0O0O0O0O0O0
e e e e e ——————
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",F6.1," %

',F6.0,'

',F6.0,’

',F6.0,'

', F4.

', F4.

', F4.
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404 FORMAT(' APR ', F6.0,' ', F6.0," ', F6.0,' ", F4.
.3, ', F6.2," ")
405 FORMAT(' MAY ',F6.0,' ', F6.0," ', F6.0," ', F4.
.3, ', F6.2," ")
406 FORMAT(' JUN ',F6.0,' ', F6.0," ', F6.0," ', F4.
.3, ', F6.2," ")
407 FORMAT(' JUL ', F6.0," ', F6.0," ',F6.0,' ', F4.
.3, ', F6.2," ")
408 FORMAT(' AUG ',F6.0,' ', F6.0," ', F6.0," ', F4.
.3, ', F6.2," ")
409 FORMAT(' SEP ',F6.0,' ', F6.0," ', F6.0," ', F4.
.3, ', F6.2," ")
410 FORMAT(' oCT ',F6.0,' ', F6.0," ', F6.0," ', F4.
.3, ', F6.2," ")
411 FORMAT(' NOV ',F6.0,' ', F6.0," ', F6.0,' ", F4.
.3, ', F6.2," ")
412 FCRVAT(' DEC ', F6.0,' ',F6.0,' ',F6.0,' ', F4.
.3, ', F6.2," ")
413 FORMAT(' YEAR ', F6.0,' ', F6.0,' ', F6.0,' ", F4.
.3, ', F6.2," ")
501 FORMAT(' JAN ',F6.0,' ', F6. 2, )
502 FORMAT(' FEB ', F6.0, ,F6.2," )
503 FORMAT(' MAR ', F6.0, ', F6.2," )
504 FORMAT(' APR ', F6.0, ,F6.2," )
505 FORMAT(' MAY ', F6.0, ,F6.2," )
506 FORMAT(' JUN ',F6.0,' ,F6.2," )
507 FORMAT(' JUL ', F6.0,' ,F6.2," )
508 FORMAT(' AUG ', F6.0, ,F6.2," )
509 FORMAT(' SEP ', F6.0, ,F6.2," )
510 FORMAT(' oCT ', F6.0, ,F6.2," )
511 FORMAT(" NOV ',F6.0,' ,F6.2," )
512 FORMAT(' DEC ', F6.0, ,F6.2," )
513 FORMAT(' YEAR ', F6.0, ,F6.2," )
cl ose(10)
cl ose(11)
cl ose(12)
cl ose(13)
cl ose(14)
cl ose(15)
cl ose(16)
return

end



