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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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IT Inflate Before Ordering!! 
Before you order more documentation, 
please check the back cover of this USER 
NEWS for new prices. Every January, the 
National Technical Information Service 
"adjusts" the prices of DOE-2 documenta
tion. 

IT Directory of Services 
DOE-2 has generated program-related 
software and consulting services which are 
listed on the inside back page of this 
newsletter. Please let us know of any 
updates or corrections. 
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IT Time To Make Travel Plans 

Aug 27-Sept 1- Second World Congress 
. on HVAC 

to be held in Sarajevo, Yugoslavia. 
Sponsors: ASHRAE; the International Council 
for Building Research, Studies and Documenta
tion; and the International Institute of Refrigera
tion. Contact Dr. E. Kulic, Univerzitet u Sara
jevo, Masinski Fakultet, 66, Omladinsko Setal
iste, YU-71000 Sarajevo, Yugoslavia. 

* 
Sep 12-14- Eleventh Annual Industrial 
................... !~<:.~!!~?C?f/'!1. .. 9.t?."!!~r:.~!':f?.~ ................... . 

to be held in Houston, Texas. 
Sponsors: Texas A & M University and the 
Louisiana Department of Natural Resources. 
Contact: Texas A & M University, Department 
of Mechanical Engineering, College Station, TX 
77843. 

* 
Oct 24-28- Twelfth World Energy 

. ................. §!':9.~t:.~~ti."!fJ. .. 9.t?."!fl.r:.~~.S. .......... ........... . 
. to be held in Atlanta, Georgia. 
Sponsor: Association of Energy Engineers and 
the Alliance to Save Energy. Contact: Associa
tion of Energy Engineers, 4025 Pleasan tdale 
Road #420, Atlanta, GA 30340. Phone: {404) 
447-5083. 

* 

F ~b.·'·' c.!~.·'· 9.9~. cc::. Jl.S.H.Il~Jt. .. \l:'i~l~~ .. M ~~~i~g ..... r 
to be held in Atlanta, Georgia. ~~ 
Contact: ASHRAE, 1791 Tullie Circle N.E., 
Atlanta, GA 30329. Phone: ( 404) 636-8400. I~ 
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SIZING COOLING SYSTEMS WITH DOE-2 

by 

Bruce E. Birdsall 

INTRODUCTION 
Among DOE-2 users there are younger professionals who have never questioned how 
things were done in the "old days", i.e., before computers or DOE-2. Because problems 
like the sick building syndrome and inadequately sized systems are so prevalent in 
modern buildings, the purpose of this article is to outline some of the things "you should 
know" when using DOE-2 for sizing, and some history on sizing methodology. 

A number of trends have occurred in cooling load calculation methods in the last forty 
years. The first was the ever-improving accuracy of the calculation to remove the "fat". 
Second, was the change to a selected apparatus dewpoint (rather than the intersection of 
the sensible heat ratio line and the saturation line). At the same time, building peak 
sensible loads have undergone a substantial reduction because of better insulation levels, 
better glazings and window treatment, and significant reductions in lighting levels from 
4 wattsfsqft in the 1960's to the present design level of about 1.5 wattsfsqft. Credit for 
daylighting reduces the calculated peak sensible cooling loads even further. All of these 
factors combined can easily result in design air flows of 0.5 CFM/sqft, where not many 
years ago 2.0 CFM/sqft was not unusual. 

The major problem in using DOE-2 for sizing purposes results from the assumption that 
an accurate constant temperature load calculation can automatically determine a system 
capacity sufficient to accommodate a startup load -- when, in fact, it doesn't. Consider 
the startup load as being composed of two parts, the normal daily load plus the load due 
to heat stored during the off period. With the daily load decreasing relative to the 
startup load (which has remained constant), the peak load of our modern buildings is 
now strongly driven by the stored load. The size of the stored load has increased since it 
is a function of the number of hours that the AC systems are off. Instead of 14 operat
ing hours daily plus half-days on weekends, it is now typical for office buildings, for 
example, to have have 10 operating hours daily and none on weekends and holidays. 

To clarify why a designer's perspective on sizing depends on his/her age, we show in the 
following how sizing calculations were done 1957, 1967, and 1977. The methods 
described are those that would be found in the ASHRAE Handbook of the time. The 
"Example Building" referred to is the ASHRAE example, which is unchanged since 
1957. 
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COMPARISONS OF SIZING METHODS 

The 1957 method is commonly referred to as the Steady State Calculation Method. 
This is the most simple manual method and is still used for small commercial buildings 
and residential calculations. It has the following characteristics: 

• An instantaneous sensible load that includes fan heat as a space load. This 
tends to provide the highest estimate of sensible gains and air flow require
ments. The ASHRAE Guide estimated that sensible heat for the Example was 
205kBtuh. 

• An engineered selection of the cooling coil leaving air temperature based on the 
Sensible Heat Ratio (SHR) which provides conservative estimates of cooling coil 
capacity and system air flow. 

The 1967 method is commonly referred to as the Two Step Method. The original 
APEC HCC-II program used this method. It was computerized primarily due to the 
time required to make the calculation manually. This method has been re-introduced in 
the 1989 ASHRAE Handbook. It has the following characteristics: 

• Instantaneous sensible loads averaged over the previous five hours, plus a split 
of purely convective and radiative heat gains. This provides a more dynamic 
estimate of sensible loads compared to the 1957 method. The ASHRAE
estimated sensible heat for the Example was 189kBtuh. 

• Fan heat is not accounted for in the load itself, which contributes to lowering 
the sensible estimate; however, the ASHRAE Systems Handbook indicates how 
fan heat should be accommodated. 

• Arbitrary selection of Apparatus Dew Point (ADP) and, thus, the cooling coil 
leaving air temperature. This allows a liberal estimate of the total heat (sensi
ble + latent) removal of the cooling coil. 

The 1977 method consists of a "Simplified Procedure" and a "Weighting Factor Pro
cedure", described as follows: 

(1) The Simplified Procedure is commonly referred to as the One Step Method. 
Most engineers have computerized the procedure using a spreadsheet. Pro
grams such as ASEAM and TRAKLOAD use this method, which has the fol
lowing characteristics. 

• The Cooling Load Factor (CLF) + Cooling Load Temperature 
Difference (CLTD) approach both simplified and improved upon the 
Two Step Method for estimating peak cooling loads, especially when 
calculated manually. However, the dynamics and load profile charac
teristics of the Two Step 1967 method were lost. The ASHRAE
estimated sensible heat for the Example was 152kBtuh. 

• Fan heat is accounted for by following the recommendations. in the 
ASHRAE Systems Handbook. Most computer programs based on 
this method do add fan heat into the total heat capacity of the cool
ing coil. 
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• Arbitrary selection of ADP is used, allowing for a liberal estimate of 
the total heat removal of the cooling coil. 

(2) The Weighting Factor Procedure is commonly referred to as the Hour-By
Hour Method. DOE-2 and ESP-II use this method since it provides an accu
rate estimate of the total heat removal of the cooling coil. (BLAST and 
TRNSYS use an hour-by-hour detailed heat balance method which in some 
cases is even more accurate than the Weighting Factor Method for calculating 
loads.) 

• Cooling loads are calculated using wall response factors and room 
weighting factors (Note: the CLF's and CLTD's were derived using 
this method). The complexity of the method requires a computer. 
The load is dynamic with respect to sun position, ambient conditions, 
and internal gains, but loads are calculated at a constant space tem
perature. 

• Fan heat is accounted for in all computer programs. 

• Automated sizing procedures do use arbitrary selection of the ADP; 
however, the simulation calculates the space sensible load and the 
moisture gain in the space for each hour and thus negates the oversiz
ing aspect of using the selected ADP alone. 

HOW DOE-2 AFFECTS SIZING RESULTS 

DOE-2 Design Cooling Load 
As mentioned in the previous section, DOE-2 calculates the design cooling loads using 
the most recent recommendations found in the ASHRAE Handbook of Fundamentals. 
This is the Weighting Factor Method used in the LOADS portion of the program. In 
SYSTEMS, DOE-2 then takes the sensible loads calculated in LOADS and proceeds to 
calculate design air flows, design fan heat, ventilation and infiltration loads, and finally, 
coil cooling capacity (adjusted to ARI rated conditions of 80DB 67WB in the space). 
This information is reported in Verification Report SV-A, and should be thought of as 
an upper limit on the cooling coil capacity for the simulation that follows. 

When the DOE-2 Design Day routines are used, everything is much the same as 
described above except that in lieu of using data from the weather tape, the design con
ditions of drybulb, wetbulb, cloud cover, etc. are user-specified for the LOADS calcula
tion. In SYSTEMS, the sensible loads from the Design Day are used in the sizing rou
tines; however, the hourly simulation uses only weather tape data, and it is the max
imum sum of these coil loads that is passed to PLANT for auto-sizing of chillers and 
boilers. 

We should mention that fan heat is not considered a space load, as this would increase 
the air delivered to the space. For a draw-through unit, the cooling coil leaving air tem
perature is depressed by an amount equal to the fan heat ~ T, which allows the design 
supply air temperature to satisfy the space temperature. All of the energy that 
represents losses due to inefficiencies of the motor, fan drive, and fan itself is considered 
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an additional load on the cooling coil. For a blow-through unit, the supply air tempera
ture is not depressed, but the heat gains associated with the fan are added to the coil 
load. 

The DOE-2 SYSTEMS Hourly Simulation 
The hourly simulation is very complex and we will stress only those portions that affect 
this discussion. Understanding these elements should make it possible for anyone to see 
why designers using DOE-2 should be very careful, especially when sizing thermal energy 
storage (TES) systems. After comparing the manual calculation procedures with this 
background discussion of DOE-2, it should be apparent why the manual methods have 
built-in safety factors that usually go unnoticed. 

For purposes of this discussion, let us assume that we have a variable air volume system 
(VAV). At the point that the air leaves the air handling unit, it is at the specified sup
ply air temperature, which in DOE-2 is MINIMUM-SUPPLY -T. This air is simulated 
as entering the space and satisfying the room thermostat setpoint, as specified by 
COOL-TEMP-SCH. If the space load is more than adequately met, the volume of air 
is reduced. If the space load is not met because the sensible load is greater than the sen
sible coil capacity, the space temperature is allowed to float upwards, and a load not met 
condition is reported. Concurrent with the above, a moisture balance is calculated that 
accounts for the moisture added to the space by internal latent gains and infiltration air, 
or by ventilation air bypassing the cooling coil. This allows DOE-2 to calculate the 
humidity ratio and relative humidity of the space, which tend to be much lower than 
design conditions would dictate due to the arbitrary selection of the ADP. The total 
cooling coil load can be calculated as the difference between the mixed air enthalpy and 
coil leaving air enthalpy using the equation: 

Qc = CFM * 4.5 * (H H ) mix- leav 

The value for the cooling coil load includes heat added to the return air from lighting 
fixtures and return fans. Hteav is the specific enthalpy of the air leaving the cooling coil. 
It is a function of the the supply fan heat, the throttling range of the cooling coil con
troller, and the moisture removed by the coil. In DOE-2, the MIN-SUPPLY -T is read 
downstream of the supply fan and therefore is equal to the coil leaving temperature plus 
the depression necessary for the fan heat plus any depression due to the controller's 
throttling range. In the real world, the normal location for a controller is directly down
stream of the cooling coil. It is wise to note this difference between real systems and a 
calculational compromise made in DOE-2. . 

The maximum total cooling coil load is determined for each hour that the fan is on and 
recorded along with the· hour, day, and month it occurs. The startup load is calculated 
at the floated temperature that the space attained after any period with the fans off and 
includes moisture levels that are in equilibrium with outside ambient conditions. We 
can be reasonably sure that after a hot weekend the first few hours after startup will 
contain hours of "loads not met". The reason for this is that if automatic sizing is used 
in DOE-2, the coil capacity and design air flow will be based on a peak load calculated 
at constant space temperature. This peak load will usually be significantly less than the 
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actual peak pulldown load, resulting in an undersized system. To avoid this problem, 
the user must intervene and adjust capacities in DOE-2 to handle the startup loads. A 
procedure for doing this is given below in "Suggestions on how to use DOE-2 reports 
and inputs to address system sizing tradeoffs". 

Another point that is not readily apparent and contributes to a shortage of capacity on 
startup is the result of all zones on the system calling for full air flow at startup time. 
If the system air has been sized for a building block load (DOE-2 terminology is COIN
CIDENT) rather than the sum of the zone peak air requirements 
(NON-COINCIDENT), then zone air is proportioned by each zone's requirement, 
divided by the total capacity available for all zones, and is thus short everywhere. This 
actually occurs in real systems because only after the zones most easily satisfied are 
cooled down does excess air go to the zones that have the largest pulldown loads. 

RECAP AND SUGGESTIONS 

In past years, our designs allowed us to ignore stored loads because the load estimates 
were much more liberal, coupled with the fact that the daytime loads themselves were 
much higher (resulting is higher air flows rates and system capacities). Under these cir
cumstan'ces, the stored load may have increased the normal load by only 5%. Today, on 
the other hand, the stored load may easily increase the normal load by 30%. An example 
of this is given in Figure 1. This shows the profile of the sensible load as calculated in 
the LOADS section of DOE-2, then as it appears when converted to a coil load in SYS
TEMS on a Monday following a hot weekend, and then again on a Friday after cooling 
all week. Here are some suggestions of how you can check for these same effects when 
using DOE-2 for design. 

Figure 1: 

During a hot spell 
the building does 
not release heat 
at night. Therefore, 
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DOE-2 inputs that. contribute to low estimates of capacity at startup are as follows: 

• Setting NIGHT-CYCLE-CTRL=CYCLE-ON-ANY 
(or CYCLE-ON-FIRST) will allow the fan to be simulated on during the 
weekend and thus remove the Monday morning startup load. Simulating fans 

. as being on during the operating periods when the chiller is not available for 
cooling, such as the TES charging period, can lead to false readings of the peak 
integrated daily loads. 

• Unrealistically high infiltration rates on nights and weekends will cause a simu
lated dilution of heat gains that otherwise would be stored. 

• Use of the DESIGN DAY feature with a selection of DB and DP temperatures 
or cloud cover and clearness values unrepresentative of peak conditions. Some 
types of weather tapes may also present similar problems. 

• Simulating a one-story building with a return air plenum and failing to use the 
SIZING-OPTION ADJUST -LOADS feature. Since the plenum roof load is 
assigned to the return air, the supply air flow to conditioned spaces is missing 
the sensible roof gain. This can result in less than adequate capacity to handle 
the startup load. 

DOE-2 inputs that contribute to high estimates of coil capacity are as follows: 

• Simulating a building without specifying internal walls or specifying internal 
walls as adiabatic, results in unrealistically high space temperatures when fans 
are off. The reason is that there is no simulated heat release from the interior 
spaces and this will, in turn, affect the startup loads as simulated space tem
peratures are excessive. 

• Simulating the air system with a high economizer limit temperature results in 
the economizer being open at the design peak. This can result in a cooling coil 
capacity based on cooling 100% outside air close to saturation, thus giving a 
very high false reading of peak integrated daily loads. 

Suggestions on how to use DOE-2 reports and inputs to address system sizing trade-offs: 

• SYSTEMS Report SS-F indicates the maximum temperature at startup and 
the number of hours each zone exceeds the thermostat setpoint. 

• SYSTEMS Report SS-0 shows temperature bins and the hours that the zone 
temperature falls within each 5°F bin. It gives a good indication of how well 
the system performs during normal operating hours. 
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• SYSTEMS Hourly Reports showing a 24-hour profile of zone temperatures for 
a few sample zones (interior and perimeter spaces) on the peak day (as 
reported in SYSTEMS Report SS-J) is the best source of information indicat
ing how long it takes before space temperatures are satisfied. 

• For cases where the number of hours of "loads not met" is higher than accept
able, we suggest that you increase system size in increments, either by setting 
DESIGN-COOL-T =<lower value>, 
or by setting SIZING-RATIO= <higher value>. 

• For cases where some other means has been used to establish air flow rates for 
each zone, input those flow rates using ASSIGNED-CFM, then use a DOE-2 
run as a check on the dynamics of system operation. 

• · For cases where you are interested in designing for "worst case" ambient tern-
* peratures, edit the weather tape using the DOE-2 Weather Utility Program 

and enter a series of days overlapping a 3- or 4-day weekend. A series of days 
representing a hot spell will generally give a much higher peak integrated load 
than an isolated peak day. 

• To observe the effect of operating strategies that mitigate the most severe 
situations, try starting the systems earlier in the morning for a conventional 
system or on the previous day for a TES system where early operation would 
deplete the storage. 

* see User News, Vol. 7, No. 3 for a description of the Weather Utility Program. 
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1 wish to apply for membership in the International Building Performance Simulation Association (i6psa). 

CIRCLE ITEMS IN 
EACH CATEGORY: 

Areas of Interest 

1.01 Analytical T ec:hniques 
1.02 Canporent Simulation 
1.03 Computer Science 
1.04 Control Systems 
1.05 Dewlopment Applications 
1.06 Marketing Applications 
1.07 Measurement Tec:tniques 
1.08 NI.IT19rieal T ec:tniques 
1.09 Optimization 
1.10 Policy Applications 
1.11 System Simulation 
1.12 Other ____ _ 

Profession 

2.01 Architectural Engineer 
2.02 Business Administration 
2.03 Chemical Engileer 
2.04 CiviVStruc!IJral Engineer 
2.05 Electrical Engineer 
2.06 Malhematician 
2.07 Medlri:al Engineer 
2.08 Operations Researcher 
2.09 Physicist 
2.10 Other--------

Company I Institution 

3.01 Architect 
3.02 Constulting Engineer 
3.03 Contractor 
3.04 Equipment Manufacturer 
3.05 Federal Gowmment 
3.06 Local Govlmment 
3.07 Research lnstitull 
3.08 Stata Government 
3.09 University 
3.10 Other _____ _ 

Professional Duties 

4.01 Academic Research 
4.02 Applications Research 
4.03 Building Engineer 
4.04 Corporata Energy Director 
4.05 Education 
4.06 Energy Engineer 
4.07 Plant Engineer 
4.08 Product Development 
4.09 R & D Manager ' 
4.10 Other ____ _ 

FOR OFFICE USE ONLY 
amount paid: 
data paid: 

check I: 

process date: 

tly: 

MEMBERSHIP CLASSIFICATION DESIRED (check one) 

0 Sustaining Member .......................................................................... . $500.00/yr 
Arl indiviudual, company, or institution in related practice. 

0 Member............................................................................................... $7S.oo/yr 
A graduate from a college or university, or a registered Professional 
Engineer or Architect. 

0 Student Member............................................................................... $2S.oo/yr 
Arl individual under 25 years of age who is a full-time student. 

AITicxn enclosed: s ---

Name ________ _,~--------~=-------~~-
Last First Initial 

TI~e _________________________________________ __ 

Company Name ________________________ _ 

Company Address -------------------------

City State Zlp 
Home Address _______________________ _ 

City State Zip 

Circle place where iDpsa maillhould be aent: Company Honne 

Experience in Building Performance Slm.~latlon: vrs. 

EDUCATION: 
College------------

Degree ___ Field __ Year __ 
~ege ___________________ _ Degree ___ Fleld __ Year __ 

I attest that my atatementl In thia application are correct, and if elected a member, that I will 
be governed by the Association's constitution and bylaws, and that I shall promote the 
purposes of the Association to the extent of my abilities. 

APJ)Iicanrs Signature 

Please mail to: 

ibpsa 
International Building Performance 

Simulation Association 
%ADM Associates, Inc. 
3299 Ramos Circle 
Sacramento, CA 95827 
U S A 
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• • • DOE-2 DIRECTORY • • • • 
Program Related Software and Services 

DOE-2 Video and Manual 
Karen George, Program Development 
Joint Center for Energy Management 
University of Colorado at Boulder 
Campus Box 428 
Boulder, CO 80309-0428 

DOE-2.1C for Micros (MICRO-DOE2} 
Gene Tsai 
Acrosoft International 
3120 S. Wadsworth Blvd. 
Denver, CO 80227 
Phone: (303) 969-0170 

• UTILITY PROGRAMS • • 

Pre- and Post-Processor Software 
James Trowbridge 
Trowbridge Software Engineering 
4884-D Sunset Terrace 
Fair Oaks, CA 95628 

Phone: (916) 962-3001 

Graphs from DOE-2 
Ernie Jessup 
E. Jessup & Associates 
4977 Canoga Avenue 
Woodland Hills, CA 91364 

Phone: (818) 884-3997 
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• • CONSULTANTS • • 

Consulting Engineers 
Craig Cattelino 
Burns & McDonnell Engineers 
8055 E. Tufts Ave.-- #330 
Denver, CO 80237 
Phone: (303) 721-9292 

Computer-Aided Mechanical Engineering 
Mike Roberts 
Roberts Engineering Co. 
11946 Pennsylvania _ 
Kansas City, MO 64145 
Phone: (816) 942-8121 

Large Facility Modeling 
George F. Marton, P .E. 
1129 Keith Avenue 
Berkeley, CA 94708 
Phone: ( 415) 841-8083 

Master Classes, Tutorials, Consulting 
Bruce Birdsall 
"In Support of Energy Software" 
166 Caldecott Lane, Suite 113 
Oakland, CA 94618 
Phone: (415) 841-2050 

Classes and Consulting 
Richard Kuo 
Knowledge Laboratory 
362 Ripley Court 
Naperville, IL 60565 
Phone: (312) 416-1696 

Consulting and Training 
Jeff Hirsch 
2138 Morongo 
Camarillo, CA 93010 
Phone: (805) 482-5515 



• • • • DOE-2 PROGRAM DOCUMENTATION • • • • 

Shipments 
NTIS Within 

Order No. The U.S. 

(] Complete 2.1C Documentation 
[includes PB-852-11431] 

PB-852-11449 $303.00 

(] 2.1C Update Package PB-852-11431 $ 92.00 

[]Engineers Manual DE-830-04575 $ 42.50 
[not included with PB-852-11449] 

To Order by Separate Titles: 

[] BDL Summary [2.1Cj DE-850-12580 $ 15.95 

[] Users Guide [21A] LBL-8689, Rev.2. $ 49.95 

[] Sample Run Book [2.1Cj DE-850-12582 $ 55.95 

[ ] Reference Manual [21A] LBL-8706, Rev.2 $ 97.95 

[] DOE-2 Supplement [2.1C Update] DEc850-12581 $ 28.95 

To Order Documentation - Call: (703) 487-4650 for Credit Card Purchases 
or 
Write: National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22121 

For Rush Shipments 
• Overnight Express- 24-hour inhouse processing- $22 surcharge per title 
• First Class Mail- 24-hour inhouse processing- $12 surcharge per title 

To receive the USER NEWS each quarter, write: 
Ms. Jan Carter, National Energy Software Center, 9700 S. Cass Ave., Argonne, IL 60439 

Questions Or Comments About DOE-2 Or The USER NEWS, Write: 

Shipments 
Outside 
The U.S. 

$606.00 

$184.00 

$ 85.00 

$ 31.90 

$ 99.90 

$111.90 

$195 90 

$ 57.90 

Kathy Ellington, Simulation Research Group, 90-3147, Lawrence Berkeley Lab., Berkeley, CA 94720 

The DOE-2 USER NEWS 
c/o National Energy Software Center 
Argonne National Laboratory 
9700 S. Cass Avenue 
Argonne, IL 60439 
U.S.A. 
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