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ABSTRACT

CONSERVATION OF ENERGY IN THE RESIDENTIAL

BUILDING COMMUNITY VIA COMPUTER APPLICATIONS

By

Richard Joseph Patterson

Surveys agree that between 20 to 30 percent of the total United

States energy consumption is expended to satisfy the energy needs of

human dwellings. Approximately 70 percent of the energy expended in the

home is for the purposes of space heating and cooling. This magnitude

of consumption, combined with the scarcity in supply of the energy forms

used in the home and the increasing costs of available energy supplies,

attest to the need for upgrading the energy performance of the residence.

This thesis proposes the energy performance of the residence be

improved through: (1) application of computer programs which evaluate

the energy performance of residences and (2) establishment of an energy/

housing computer capability network which will allow programs addressing

building energy performance to be accessed by.users in the residential

building community.

Three computer programs, IBUC, TRNSYS, and NBSLD, were selected as

being representative of existing enerQY/housing programs which address

building energy performance. Each program is applied to a typical

residence. Using the application as a common basis, each program is

discussed with respect to achieving input and output, heat transfer

methodology, aspect of building energy performance addressed, and energy
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performance information produced. The three programs range from those

utilizing simple simulation techniques employing algebraic equations to

those employing sophisticated mathematical models using differential

equations. The central processor times and the central memory require-

ments vary accordingly.

A plan for expanding energy/housing computer capability in the

residential building community is proposed. The plan for expanding

computer capability involves two key developments. One is the selec-

tion of the local governmental unit as the site in the residential

building community to serve as an energy/housing computer capability

resource center. The local computer capability resource center will

provide computer access facilities and user assistance so that a library

of energy/housing programs may be accessed and utilized.

The second development is the formation of a group of cooperating

agencies. This group is composed of representatives from agencies in

the residential building community with energy/housing expertise and

this group has the responsibility for the development, implementation,

and continued operation of the energy/housing computer capability

network.
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1. INTRODUCTION

Of all the energy expended in the United States approximately 23.5

percent (Johnson, 1976a) is consumed for various purposes in the resi-

dence. Approximately 87.5 percent of the residential energy expendi-

ture is used for the purposes of comfort space conditioning (73.5%) and

domestic water heating (14%) (Johnson, 1977a). These percentages repre-

sent consumption conditions of most of the United States' present

housing stock which was estimated to be 78 million units in 1975

(Johnson, 1977a).

Most existing dwellings were designed and built at a time when

energy was readily available and was comparatively low in price. Conse-

quently, the energy performance of these buildings was not given a high

priority. In the present era Of increasing energy costs and uncertain

availability, building energy performance has become a high priority.

Existing homes or new homes built using past design and construction

practices are cOnsidered wasteful'of energy resources and are expensive

to maintain at customary comfort levels.

New energy performance criteria for dwellings are evolving that

reflect the present energy situation. Shaping the new standards are the

factors of potential energy savings (patriotic incentive) and/or potential

dollar savings (economic incentive). Through legislation (Act No. 230

of Public Acts of 1972) an energy performance standard, ASHRAE Standard

90-75, was adopted in 1977 to become the initial mandatory energy code



for new buildings in the State of Michigan. Discussion of both the Mich-

igan Energy Code, ASHRAE Standard 90-75, and ASHRAE 90A-80 is included

in sections 3.3 and 8.3 and Appendix A of this thesis. For dwellings to

meet newly developing energy performance criteria and/or comply with

energy codes, a re-evaluation of the methods, materials, and systems of

construction used in the design and building of new homes and in the

retrofitting of existing homes is in order.

The re-evaluation referred to above comprises numerous options for

improving the energy performance of both new and existing dwellings.

Each option requires the simultanebus consideration of many interrelated

factors in order to determine its relative economic and/or thermal merits.

A thorough energy performance analysis, involving more than a few energy

saving options, quickly becomes too complex for the individual. With the

aid of a computer and an appropriate energy/housing computer program the

analysis can be performed rapidly and accurately, providing an evaluation

of each option considered. Having the information provided by the com-

puter analysis, the individual can proceed to make well informed decisions

regarding the improvement of building energy performance.

Petersen (1974) comments on the significant need for making infor-

mation concerning the various options for improving the energy perfor-

mance of dwellings available to those who can benefit most by it. One

way of accomplishing this is to extend computer capability (computing

facilities and library of energy/housing programs) into the residential

building community (RBC), making it available to individuals concerned

with improving the energy performance Of buildings. For an extension

effort of this kind to be realized a viable plan is required which



addresses and resolves the problems of energy/housing program avail-

ability and computing facilities accessibility.

There are many computer programs in existence which address an

array of energy/housing problem areas. Many of these programs are

written by and for persons with heat transfer and computer backgrounds.

With the exception of some energy code officials and home builders who

have had exposure to the Michigan Energy Code, most potential program

users in the RBC do not have computer or heat transfer knowledge.. New

energy/housing computer programs need to be developed and/or existing

programs modified such that their usage is within the capabilities of

potential users in the RBC. .

Existing computer programs vary in size as well as in the particular

aspect of building energy performance addressed. Large programs require

computers having large central memory (>'l70 k) and central processor

capabilities. Computing facilities of this Size are normally associated

with academic institutions, corporations, or privately owned companies

in the business of providing computing services. Some Of the smaller

energy/housing programs may Operate on microcomputers (< 20 k RAM).

Computing facilities of this size are increasing in popularity and

decreasing in cost.

Energy/housing computer programs must be accessible to potential

users if they are to provide the information needed to aid in making

decisions on energy/housing matters. Telecommunication systems have

developed to the point that access to powerful computer facilities is

possible wherever an ordinary telephone is located. However, providing

computer access is complicated by the diverse composition of the RBC.



In addition most potential users presently cannot justify acquiring

their own access facilities.

There is presently some computer capability available in the RBC.

That Computer capability which is presently available does not reach

enough of the potential users in the RBC nor does it provide the variety

of energy/housing computer programs needed. A network of access sites

is required to expand computer capability to those in the diverse RBC

who do not now have this service. To establish an energy/housing network

a coordinated, cooperative effort is required. This can only be accom-

plished by an organization having the enerQY/housing expertise and the

willingness to accept the challenge and the responsibility.



2. OBJECTIVES

The primary Objective of this study is to propose a plan for

improving the energy performance of residences by extending computer

capability (a library of energy/housing computer programs and facilities

to access these programs) to the residential building community. The

primary objective incorporates the following secondary objectives:

a. Assess existing computer programs addressing energy/housing.

subjects by selecting programs of three different levels of

ability to predict the energy performance of residences and

comparing their characteristics, capabilities, and limitations.

b. Develop a specific action plan for the residential building

community which will facilitate the selection and utilization

of computer programs generating information needed to make

better informed energy/housing decisions.



3. REVIEW OF LITERATURE

3.1 Building Energy Performance: A New Priority

Energy performance has become a high priority among the character-

istics by which buildings are judged. The priority level that a build-

ing characteristic attains at any given time is influenced by many

factors (costs, availability, style, technology, etc.) associated with

the particular characteristic. When something happens that causes the

influencing factors of one building characteristic to change, all of the

characteristics undergo a reranking of priority.

The shuffling of building characteristic priorities is a normal

process that is continuous and gradual. The sudden change in energy

costs and availability Of some energy sources directly affected building

energy performance and caused a sudden reranking of building character-

istics with energy performance gaining a much higher priority.

When energy was readily available and relatively inexpensive, there

was little incentive for energy conservation in buildings. This was

indicated by the fact that many homes built prior to 1960 have less than

three inches of ceiling insulation and none in the walls, under floors or

over unheated areas. They were also lacking in both heat gain and loss

protection for windows. These constrUction practices were not irrational

with respect to energy conservation (Petersen, 1974), since they reflected

the level of priority that energy performance held under the circumstances

at the time the homes were built.



3.2 Energy Consumption and Potential Savings

Estimates vary as to the amount of energy expended, as well as the

potential for reducing this amount, in providing comfort conditioning,

lighting, and operating appliances in buildings. Sparks (1977) stated

that close to one-third of the nation's energy is used for these pur-

poses. ERDA experts (from Sparks, 1977) indicated that comfort con-

ditioning, lighting, and operation of appliances could be achieved.with

half as much as is now consumed for these purposes. Roberts in Berry

(1975) agreed with the one-third usage figure and estimated that 80 per-

cent of this amount is used for comfort conditioning and water heating.

They further indicated that approximately 40 percent Of the energy used

for comfort conditioning is wasted due to building design, construction

practices, and occupant practices. Johnson (1977a) estimated the amount

of energy used by each dwelling to be about 200 million btu of primary

energy per year. He also indicated that the on-site distribution of

energy usage in a single family detached home includes 73.5 percent for

comfort conditioning and 14 percent for water heating.

The energy performance Of the estimated 78 million residences

(Johnson, 1977a) can be improved. Ambrose (1975) referred to the need

for developing practical methods for reducing energy consumption in

existing dwellings and Landergan (from Berry, 1975) suggested that empha-

sis on conservation be directed toward existing structures. Energy con-

servation at the single family residence level was advocated by Swenson

(1977) as being just as important and beneficial as is conservation in

large buildings with comparatively larger energy budgets. Petersen



(1974) evaluated various combinations of energy conserving techniques

to determine if they would be economically optimal for existing resi-

dences.

3.3 Emergence of Building Energy Performance Criteria

Individuals seeking relief from increasing utility bills began

looking for ways of improving the energy performance of their buildings.

This was the beginning of the development of new energy performance

criteria to serve as a guide to improve the energy performance of

existing homes and in the construction of new buildings. Many publica-

tions became available concerning various energy conserving actions

applicable to existing buildings (Oviatt, 1975; Petersen, 1974; Federal

Energy Administration, 1977).

Formal energy performance standards have been developed pertaining

to new building construction. ASHRAE Standard 90-75 (ASHRAE, 1975)

began development in 1973 with a joint emergency workshop on energy con-

servation in buildings (Berry, 1975) and gained final approval in 1975.

In 1977, ASHRAE Standard 90-75 was adopted by reference along with

several rules to become the Michigan Energy Code (1976). ASHRAE Stand-

ard 90-75 has also been used as the technical base for the develOpment of

a model energy code (U.S. Dept. Energy, 1977).

New building energy performance criteria continue to be developed

and existing ones revised. ASHRAE Standard 90-75 has been revised

(ASHRAE/IE5, 1980) and a program to develop Building Energy Performance

Standards (BEPS) (U.S. Dept. Energy, 1979) is currently underway. In

general, these are more complex energy performance criteria than the



original ASHRAE 90-75. One reason for this is the consideration being

given to the effect, on energy resources, of the form of energy used at

the building site (RIF, resource impact factor) and the energy resources

consumed in providing that fuel or energy (RUF, resource utilization

factor) (ASHRAE/IE5, 1980). To illustrate the intent and approach of

ASHRAE Standard 9OA-80 several sections are included in Appendix A.

‘ The energy resources issue is underscored by comments such as those

by Smith and Pease (1973). They compare various building materials in

terms of the energy used to produce them and in terms of the costs Of

their effect on the environment as a result of manufacturing them. Also,

Demkin in Berry (1975) discussed a proposed study by Stein to measure

the total energy impact of construction materials on the environment.

In the case of the ASHRAE Standard (section 12) it was felt that if

energy resources were not given consideration the standard would not be

addressing the fundamental issue of energy conservation (Coad, 1977).

3.4 New Approach to Building Design and Construction

3.4.1 Sizing of conditioning equipment

A re-evaluation of the approach to the design and construction of

buildings and their space conditioning means is needed in view of

emerging building energy performance criteria. One of the practices in

need of examination is that of selecting space conditioning equipment to

satisfy the thermal requirements of buildings. Ideally, the equipment

selected will have just enough capacity to maintain the desired comfort

conditions during times of the most severe weather conditions (ASHRAE,
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1977 and Sherwood & Hans, 1979). If the equipment does not have the

capacity to provide the desired conditions it is undersized. The oppo-

site, the selection of equipment that has more capacity to heat or cool

than is required by a particular structure, is oversizing. A

The practice of oversizing conditioning equipment is more common

place than is undersizing. There appear to be three reasons for over-

sizing. Black (1977) referred to the conservative or "be sure" design

philosophy developed over the years with respect to sizing of heating

equipment. Since the penality for oversizing has been less severe than

the penality for undersizing, oversized equipment was usually selected.

Sherwood and Hans (1979) cited the need for oversized equipment in

dwellings to compensate, by brute force, for building design deficiencies.

Buffington (1975) indicated that oversizing of equipment is due to the

.use of the traditional steady-state calculation methods in determining

the heating and cooling load of the building. For whatever reason the

selection of oversized equipment occurs, the result is a waste of

resources and a sacrifice in the comfort conditions attainable. Over-

sized equipment generally operates at reduced efficiency and requires.

more energy and materials to manufacture than equipment appropriately

sized (Kusuda, 1976).

3.4.2 Consideration of factors influencing buildingAenergy performance
 

Proper sizing of conditioning equipment is only one aspect of the

overall strategy for the design and construction of buildings with

improved energy performance. A much broadened and refined approach to
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building design and construction is needed if buildings are to reflect

the new, developing energy performance criteria. A new strategy must

account for as many of the building energy performance factors as pos-

sible. Sherwood and Hans (1979) indicate that the building mass, the

relationship of the building to its surroundings (including local cli-

mate), and human comfort requirements are factors which influence build-

ing design and should be considered. According to Coad (1976) the

building industry should abandon singular concepts for a universal

market and instead return to the practice of designing buildings for a

particular region giving consideration to the local climate and to the

materials and methods of construction best suited to that region.

The need for a new approach was summarized by Sherwood and Hans

(1979) as they pointed out that "the solution to the challenge of more

energy-efficient house design obviously lies in more imaginative

approaches to this complex problem than in the past. More efficient

design will also require more careful engineering, rather than just

selection and specification of materials on the basis of outdated rule-

of-thumb methods." A similar opinion was expressed by AIA Research Corp.,

(1976):

Buildings are constructed to moderate the extremes of external

climate to maintain the building interior within the narrow

ranges of temperature and humidity that support occupant com-

fort. Building design can begin to accomplish this role by

working with instead of against climatic impacts.
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3.5 Evaluating Building Energy Performance With

the Aid of a Computer

3.5.1_ Computer: an appropriate tool
 

For reasons of speed, accuracy and convenience the computer is an

appropriate tool to use in evaluating various aspects of building energy

performance. In instances where the procedure is rigorOus, taking into

account many factors and using SOphisticated techniques, the computer

is a necessity. If the program employed is comprehensive and indicates

the proper response to the change of the many influencing parameters,

the computer can be used to evaluate the sensitivity of various design

alternatives (Kusuda, 1976). Burch §t_al, (1975) indicate that the

large memory banks Of computers have made it possible to determine the

hourly heating and cooling load of buildings as they fluctuate due to

varying climatic and building factors. Colliver et_gl, (1976) stated

that a dynamic model enables home owners to evaluate the numerous and

complex interactions among occupant living habits, structural character-

istics, and weather conditions which are unique from one home owner to

another. Chen (1976) pointed out that the engineer, architect, and

building owner all have an interest in the energy performance of a build-

ing and that the computer can be of assistance in providing relevant

information to each of them. The simulation capability of a computer is

a necessity, according to Tamblyn (1977) and Chen (1976), when dealing

with heating and cooling systems with limited heat sources, such as solar

energy, in which thermal storage plays a major role.
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3.5.2 Existing energy computer programs

 

3.5.2.1 energy calculation sequence

Many computer programs are in existence addressing a variety of

subjects related to building energy performance. The purposes of such

programs include energy auditing, space load calculations, energy con-

sumptiOn, energy code compliance, energy costs analysis, and individual

system component simulation. These programs fall within an energy cal-

culation sequence framework with three basic parts: (1) rate Of heat

loss or gain to the conditioned space (building energy load), (2) energy

consumption over a given time period (building energy consumption), and

(3) building owning and operating costs. The relationship between each

of the sequence parts was described by Stoecker (1976) and discussed in

part by Black (1977), Crall (1975), and Black and Coad (1976). Building

energy load is needed as input information for the building energy con-

sumption component. Information concerning energy consumption is

required input for the economic analysis part of the energy calculation

sequence.

Carrying out an energy calculation sequence, or any part of it, can

be a very complex or relatively simple task depending on the number of

influencing factors accounted for and the methods used to account for

them. As stated by Buffington (1975) and Kusuda (1976), determination of

the building energy load and building energy requirements may be carried

out in a simple manner giving approximate results or they may be carried
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out in increasing degrees of complexity accounting for more and more Of

'the influencing factors and giving more and more accurate results.

3.5.2.2 code compliance

Computer programs are available to determine the compliance of

buildings with energy codes and will be utilized more extensively as

codes become more comprehensive. Compliance with section four (exterior

envelope) of ASHRAE Standard 90-75 is offered through APEC (undated)

services using a program, ST090, containing some optimization (with

respect to meeting code requirements) capability. ENERCODE is a computer

program addressing the subject of compliance of the exterior envelope

component of the Michigan Energy Code (ENERCODE, undated).

Johnson (1976) referred to ASHRAE Standard 90-75 as "a complex

technical standard." Even more complexity will be encountered as build-

ing energy codes become more performance (vs. specification) (Olin gt_al,

1975) oriented which is considered desirable (Stein from Berry, 1975).

According to comments by Carlson (1980) compliance with the Building

Energy Performance Standards being developed (U.S. Dept. Energy, 1979)

will be determined by one Of three computer programs selected for this

purpose. Kusuda (1979a) attempted to develop a computer program with a

simplified calculation procedure which still retains the capability to

evaluate a building for compliance with sections 10, 11, and 12 of ASHRAE

Standard 90-75.
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3.5.2.3 load and energy analysis programs

In a series of articles Chen (1975a, 1975b, 1976) discussed 12 com-

puter programs dealing with the calculation of building heating and

cooling loads and building energy consumption. His discussion includes

not only the overall program capabilities, but also the various methods

available for computing heat gain through building exterior walls and

for determining cooling loads. He cited the possibility of a spread

among loads calculated by various methods of as much as 80 percent.

A compilation of programs undertaken by Crall (1975, 1976) resulted

in a bibliography of programs pertaining to the area of heating, refrig-

erating, air conditioning, and ventilating. Eighty-nine programs are

included. Some of these deal with specific subjects outside the scope of

this study. Thirty-four programs address the subjects of heating and/or

cooling load determination, solar specialty programs, and building energy

analysis.

Romine (1976) discussed several programs available through the

Automated Procedures for Engineering Consultants, Inc. (APEC) organiza-

tion.- Included, and of particular interest to this study, are a heating

and cooling load calculation program (HCC-III) and a program for deter-

mining compliance with section 4 of ASHRAE Standard 90-75 (STD90).

3.5.2.4 auditing programs
 

Several computer programs exist in the general area Of energy

auditing of buildings. Buffington (1975a) developed computer models for

simulating the transient energy requirements for heating and cooling of
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buildings and applied them to a residential building (Buffington, 1975b).

Colliver gt_al, (1976) described the HOUSE program which uses the individ-

ual characteristics of a house, its inhabitants, and its location to

estimate the total and dynamic energy usage. Another computer program

entitled HOUSE was developed by Bodman §t_gl, (1979) to assist home

owners in evaluating various energy conservation techniques of their own

home. This program emphasizes energy conservation through good manage-

ment.

A home insulation analysis program developed by Hinkle gt_al,

(1979a) and Hinkle gt_al, (1979b) estimates winter heating costs for

homes in the northern and central parts of the United States. To pro-

vide home owners with an evaluation of the economics Of additional insul-

ation, program CHEAP was developed by Fehr gt_al, (1979). HACC is a

program created by Bowen §t_gl, (1979) to provide interested citizens

with energy and economic analysis of their home which could help them

make well informed energy decisions. The state of Ohio has developed a

computerized Home Energy Analysis audit which features a simple question-

naire yet provides a comprehensive and easy to understand analysis

report (Ventresca, 1979). One version of the Ohio computerized audit,

the mini audit, features an input information form not requiring any

dwelling dimensions, as the area of the home is estimated by the computer.

3.5.2.5. the IBUC_prggram
 

The IBUC (In the Bank or Up the Chimney) computer program, analyzing

weather proofing the home, was developed by Harsh et a1. (1976) and is

based on a publication by the U.S. Dept. Housing and Urban Development
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(1975). IBUC analyzes six energy conserving actions with respect to

their potential savings if implemented, their estimated cost to imple-

ment, and the amount of time to pay off the initial investment. The

program is available on the Michigan State University Cooperative Exten-

sion Service TELPLAN system described by Harsh and Black (1971), Bakker-

Arkema and Black (1974), Brook and Bakker-Arkema (1978), and Harsh

(1978). IBUC is discussed in detail in a later section.

3.5.2.6 the TRNSYS program
 

TRNSYS (Transient System Simulation) is a computer program that

utilizes a modular structural programming concept enabling it to model

a variety of solar and building components. Instructions for the use

of TRNSYS has been given by Klein gt_al. (1974). The user selects from

a model library the component models corresponding to the components of

the system to be simulated, specifies the manner in which they are inter-

connected, and supplies the design parameters required by each component

subroutine. Available component models include those normally associated

with an active solar energy collection system, such as collectors,

storage tanks, and controls and those simulating the dynamic heat flow

through the walls, roof and floor Of a building. System variations are

created by adding or rearranging components.

The versatility of the TRNSYS program has been demonstrated by Klein

gt_3l: (1975) in the simulation of a home space heating system with both

solar and conventional energy inputs. One of the results indicated is

that there is little difference in system performance between parallel

and series arrangements of the auxiliary and solar heat units with the
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load. Also, the inclusion of a heat exchanger between the collector and

storage tank results in an eight percent reduction in heating by solar

energy for the year.

The feasibility of heating water for use in the food processing

industry with solar energy was studied by Thomas (1977) using the TRNSYS

program. In general, the simulation results indicated that solar water

heating was economically feasible for food processing plants especially

when electricity was the auxiliary water heating energy source being

replaced by solar.

TRNSYS is included in the bibliography of computer programs developed

by Crall (1976) in the category of solar programs also described as

specialty building energy analysis programs. The TRNSYS program was

selected as one of three computer programs suited for de ermining com-

pliance with the Building Energy Performance Standards (Whalon, 1980).

3.5.2.7 the NBSLD prggram
 

The NBSLD (National Bureau of Standards Load Determination) program

is the third program to be discussed in detail. Kusuda (1976a) described

most of the subroutines incorporated into NBSLD and provided instructions

for its use.

The approach to load determination used in NBSLD is the most rigor-

ous of the three programs discussed and employs the methodology recom-

mended by the ASHRAE task group on energy requirements discussed by

Kusuda (1976b) and reviewed in a series of papers by Chen (1975a, 1975b,

1976).
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The capabilities of the NBSLD program have been applied in several

instances. NBSLD was used by the National Concrete Masonry Association

(1976) to evaluate the effect of heat storage in building components on

the building heating and cooling load and thus the capacity of heating

and cooling equipment needed. Burch §t_al: (1975) performed a valida-

tion study Of NBSLD using an instrumented woodframed four bedroom town-

house operated in a manner simulating occupancy and fluctuating climatic

conditions. The test house was located in an environmental laboratory

where winter and summer conditions were created like those occurring in

Kalamazoo, Michigan and Macon, Georgia. It was found that NBSLD pre-

dicted maximum loads averaging 3.2 percent higher than measured and pre-

dicted energy requirements averaging 1.5 percent lower than measured

values. Jones and Hendrix (1976) employed NBSLD to Obtain information

on energy conservation opportunities that encourage more energy efficient

Operation of homes in the Austin, Texas area.

3.5.3 Program sources

There are four sources of computer programs addressing various

aspects of energy according to Romine (1976). These include the educa-

tional community, computer manufacturers and networks, equipments manu-

facturers or trade associations, and engineering firms. Programs

developed by each of these sources have both positive and negative char-

acteristics in terms of quality and availability. Generally, the pro-

grams developed by the education community are more easily obtained than

programs developed by other sources.
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3.5.4 Commuter access networks
 

The need to provide information on improving the energy performance

of homes to individuals in the RBC is supported by several authors.

Petersen (1974) pointed out the need for home owners and home buyers to

have access to this information for these individuals will be the ones

to demand more energy conservation in the housing market. According to

Colliver gt_al, (1976) residential dwellers do not have sufficient infor-

mation concerning the possibilities of energy conservation in their

homes and, therefore, are not utilizing existing technology (energy con-.

servation) to its full potential.

One approach discussed by Black and Coad (1976), that is suitable

for extending computer capability to smaller organizations is that of

the shared-time computer network. Using a purchased or leased communi-

cating terminal and an ordinary telephone, communication access to high

capacity computing equipment can be obtained. A number of world wide

shared-time networks are available including TELENET, MERIT and INFONET

(Kusuda, 1976). The National Association of Home Builders (NAHB) uses

a computer access network to permit home builders, subcontractors, and

associated organizations to access NAHB's Automated Management Informa-

tion System (AMIS) (NAHB, undated). Currently this network does not

offer programs addressing energy/housing subjects. I

A number of universities have developed computer access networks

through their Agricultural Extension Service programs and are currently

offering an energy/housing program, among others, to their users. The

HOUSE program (Bodman g§_al,, 1979) is available through the University

of Nebraska AGNET (AGricultural computer NETwork) system (Kendrick §t_al,,
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1976). The Virginia Polytechnic Institute and State University Offers

the HACC program (Bowen et_al,, 1979) through the Computer Management

Network (CMN). A home insulation analysis program is available on the

FACTS (Fast Agricultural Communications Terminal System) network of the

Indiana Cooperative Extension Service (Hinkle et_gl:, 1979a and Hinkle

gt_al,, 1979b). The IBUC (In the Bank or Up the Chimney) program

developed by Harsh et_al,, (1976) is available on Michigan State Univer-

sity's TELPLAN system.

Another way of making computerized energy/housing programs avail-

able is to mail or distribute input forms to potential users. Based

on the returned information the computer analysis is performed and the

results mail returned to the home owner. The CHEAP (Computerized Home

Energy Analysis Program) program is administered in this manner in order

to provide the service to more people (Fehr §t_al:, 1977 and Fehr et_al,,

,1979) although it is also available through terminal access. Both

postal services and portable computer terminals are used by the Ohio

Department of Energy to make their Home Energy Analysis residential audit

available to home owners (Ventresca, 1979).

Mail out-return methods of computerized energy audits and analysis

have not had good response rates. Ventresca (1979) indicated a return

rate of 10 to 20 percent for the 29 question format of Project Conserve.

Bowet gt_al, (1979) indicated a four percent return rate on a free

offering of home energy analysis by the Virginia State Energy Office

and Virginia Cooperative Extension Service. Bowen gt_al, (1979) sug-

gested a lack of motivation to complete the input form as the reason

for the poor response rate.
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3.5.5 Prpper application of compgter capability

The computer program and the computer program user are both impor-

tant factors in successfully attaining creditable information to help

in making decisions on enerQY/housing matters. Proper program selection

and application can provide beneficial results, but misuse or improper

application of programs can also occur. In a comparison of several pro-

grams Spielvogel (1977) found that the degree of agreement between

programs depended on the interpretive ability of the user and on the

suitability of the program for the particular building being studied.

Ventresca (1979) referred to the importance of selecting a computer pro-

gram using methodologies appropriate for home energy auditing purposes

as opposed to using a program using complex methodologies for auditing

and requiring large amounts of detailed input information. In a dis-

cussion on the appropriateness of various programs, Black (1977) com-

mented that the output from a complex program Obtained by a user not

understanding the purpose or methodology of the program can give the

user an impression of knowledge that does not exist.



4. APPROACH TO THIS STUDY

The computer is well established as an appropriate tool for appli-

_cation to tasks involving repetitive, lengthy, time consuming, and incon-

venient mathematical and manipulative operations. This makes the

computer well suited for application to situations addressing building

energy performance.

From the many programs in existence three were selected for this

study which represent the range in techniques used to evaluate the var-

ious aspects of building energy performance. The three selected are:

(1) In the Bank or Up the Chimney (IBUC), (2) TRNsient SYstem Simula-

tion (TRNSYS), and (3) National Bureau of Standards Load Determination

(NBSLD) program.

The IBUC program is available on the Michigan State University

Cooperative Extension Service TELPLAN system. IBUC employs a steady

state load calculation methodology and a degree day energy consumption

methodology, applied to the energy auditing of homes.

The TRNSYS program is available on the Michigan State University

central computer since it was used previously for the simulation of

solar water heating systems for commercial application (Thomas, 1977).

This program represents both steady state and dynamic approaches to

building energy performance. TRNSYS uses a unique approach to system

simulation in that the user creates the system to be simulated from a

library of available component simulation subroutines.

23
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The NBSLD computer program was not available at Michigan State

University prior to this study. A NBSLD program manual was obtained and

from the program listing a punched card deck was created. Some modifi-

cations Of the program were necessary to make it compatible with the

Michigan State University central computer facility. In addition to the

modifications, some debugging of NBSLD was required before correct out-

put could be achieved. The NBSLD program offers several options in both

steady state and dynamic energy load determinations of buildings.

The discussion which follows is a comparison of the IBUC, TRNSYS,

and NBSLD computer programs in terms of: (1) input format and type of

information required, (2) heat transfer methodology used, (3) output

format and type of information produced, and (4) general operating char-

acteristics of each program.

Neither a validation of the programs nor a comparison of program

output values is intended. The intent is that through the discussion,

a better understanding of the characteristics of typical energy/housing

programs can be gained. With a good understanding of typical programs

one can better assess other existing programs and select and use the

program appropriate to achieve the desired Objective.

Many program runs were made in exploring the characteristics of the

three computer programs. Each program was applied to a residential

building of single level ranch design with a natural gas forced air

heating system. Since the purpose was to explore the characteristics

Of the programs, input information describing the example house was

varied from run to run. Examples Of the kind of changes made in the

input are: (l) heating and cooling situations, (2) with and without
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windows, (3) constant and changing weather conditions, (4) flat and

sloped roof surfaces, and (5) with and without basements. Because of

the variety of input information the examples of program input and out-

put appearing in figures and tables which follow will vary from example

to example. The figures and tables were selected to illustrate a pro-

gram's features rather than to compare output values with a particular

residence which had had its energy performance documented.

Following the discussion of the three programs a plan is proposed

for making computer programs, addressing building energy performance,

accessible to potential users in the residential building community.

By doing this the computer becomes a tool which the residential building

community can use to easily gain information necessary for making well

informed decisions related to building energy performance. The plan is

based on an assessment of the composition of the residential building

community and of the current state of computer capability in the resi-

dential building community. A proposal is made on how the use of com-

puters can be expanded to provide computer capability services to the

residential building community.



5. THE IBUC PROGRAM

5.1 The Purpose Of IBUC

In the Bank or Up the Chimney (IBUC) (Harsh gt_§l,, 1976) is a

computer program adopted from a manual of the same title (U.S. Dept.

Housing and Urban Development, 1975), prepared for the United States

Dept. Of Housing and Urban Development (HUD) by Abt Associates, Inc.,

Cambridge, Massachusetts. The HUD publication is intended for use by a

home owner and has two objectives: (1) to assist in making the best

choice of energy saving home improvements and (2) to provide step-by-

step information on the correct installation of the improvements. The

computer program adopted from the HUD manual deals only with the first

Objective.

Use of the IBUC program enables the home owner to easily gain the

economic information needed on which the correct choice of energy saving

home improvement decision is based. Through either the HUD manual or

the computer program, users are made aware of the potential economic

impact of various energy conserving actions. The IBUC program eliminates

all manual calculations and simplifies the required input information on

the part of the home owner, thus encouraging his participation.

Examples of input and output for the IBUC computer program are

shown in Table 5.1 and Figure 5.1 respectively. The information pre-

sented is used to illustrate the features of IBUC, discussed in the

following sections.

26
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Table 5.1 Input values to the IBUC computer program describing the

example residence. See Appendix B for a completed IBUC

input form using these same values.

Section I General Information

1a. 3, b. 14, c. 3, d. 1, e. 1620, f. l, g. 0

2a. *, b. *, c. *, d. *, e. *, f. *

Section II Caulking and Weatherproofing Doors and Windows

3a. 2, b. 14, c. 2

4a. 2, b. 2, c. i4, d. 2

Section III Storm Window Information

5a. 3, b. 12

Section IV Attic Insulation

6a. 1, b. 3, c. 0, d. l, e. 0, f. 0, g. 0

7. 42, 24

8. 16, 32

9. 10, 10

(10-26 not applicable)

Section V Wall Insulation Information

27a. 164, b. 0, c. 0

28a. 0, b. O, c. 2

Section VI Crawl Space Walls, Floors, and Basement Wall Information

29. 0

29a. 1, b. 0, c. 1, d. 0

30a. 110

(31-34 not applicable)

35a. 4, b. 58

Section VII Changing Thermostat Setting

36a. 973, b. 4

(37 not applicable)

38. O (completes input information)
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5.2 Input to IBUC

The input information for the IBUC program describes the physical

characteristics of the residence including the basic dimensions, the

number of windows and doors, and the style of architecture. Information

describing the extent to which some energy saving actions have already

been employed and their current physical condition is also requested.

Such items as weatherstripping, caulking and amount of insulation are

included. Other inputs requested include the type of fuel and the indoor

thermostat setting (although not used in determining space load require-

ments). A complete input form for the IBUC program is included in

Appendix B.

Table 5.1 is an example of typical input information needed for the

IBUC program. For the house in this example, input information is

needed for all six (sections II-VII) of the energy saving options avail-

able in the IBUC program. .Section I is a general information category.

The values in Table 5.1 are the same as the values shown in the IBUC

input form included in Appendix B.

The amount of descriptive information required varies depending on

the users' choice from among six options pertaining to energy conserving

actions. The options are: (1) caulking and weatherstripping, (2) storm

windows, (3) attic insulation, (4) wall insulation, (5) crawl space/

basement wall insulation or floor insulation, and (6) thermostat adjust-

ment. Any number of these may be selected depending on the users‘ needs

and interests. Using all six options the example required 51 items of

input. As few as 10 input items are needed if only one of the Options

is desired. Regardless of the options selected, supplying the information
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is not a demanding task as the input items require responses in the form

of either checked choices (section I), numerical quantities, or basic

structural dimensions. A number of illustrations are used to aid in the

user's understanding of the information requested by particular input

items (see input form in Appendix B).

5.3 Output from IBUC

Output from the IBUC program, a result of the input information in

Table 5.1, is shown in Figure 5.1. The output consists of economic

information on each of the six energy conserving options. Some of the

six options are broken down into two energy conserving actions with

economic information output for each one. Option one, the caulking and

weatherstripping option, is divided into two economic outputs. One

regarding caulking doors and windows, the other regarding weather-

stripping doors and windows.

The output from each energy conserving action contains three items

of economic information: (1) estimated dollar savings realized the first

year as a result of implementing the energy saving option, (2) estimated

investment to implement the option, and (3) estimated number of years to

pay back for the Option. The home owner can use this economic informa-

tion to choose the energy conserving action he wishes to implement. The

decision may be based on pay-back period alone or it may be based on the

finances available for improving the energy performance of the home.

Estimated dollar savings is simply the change in the thermal per-

formance of the home, expressed in monetary terms, resulting from the

energy conserving action. This enables the home owner to compare
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various energy conserving actions, or several stages of implementation

of one particular energy conserving action, on the basis of energy

saved each year, valued in dollars.

The Option indicating the most savings in Figure 5.1 is thermostat

set back. One hundred thirteen dollars is expected to be saved as the

result of a four degree (input 36 b) lowering in thermostat setting.

A savings of one hundred eleven dollars is estimated from insulating

the house walls. The least amount of savings expected is from caulking

the fourteen doors and windows. Only four dollars a year is expected

from this energy saving Option. Input information (input 3 a) indicated

the present condition of door and window caulking to be fair.

Estimated investment is the second item Of economic information

output for each energy conserving action. This value is selected by the

computer from a stored file of costs assigned to the various thermal

improvements. Periodic updating of the cost file is necessary if the

economic output is to reflect current construction material prices.

Even then improvements costs may not reflect user local conditions

because local costs may vary from the average costs in the data file.

The most expensive thermal improvements shown in Figure 5.1 are

ceiling and wall insulation. If seven inches are added to the existing

three inches (input 6 b), the cost is estimated to be six hundred fifty-

six dollars. If nine or 11 more inches are added the costs are expected

to be eight hundred thirty-four and one thousand twelve dollars respec-

tively. Wall insulation is estimated to also cost six hundred fifty-six

dollars. The least expensive energy conserving action is thermostat

turn-down at no cost. Immediate savings are realized from this energy

saving action.
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Estimated years to pay back is the third output item of economic

information. Years to pay back is the estimated investment divided by

the estimated savings per year after the estimated yearly savings has

been adjusted to reflect its present value.

The years to pay back in Figure 5.1 range from a low of 3.2 years

for weatherstripping to a high of 8.1 for 11 additional inches Of ceiling

insulation.

5.4 IBUC Methodology

In both the HUD manual and IBUC computer program, the output

obtained is a result of the selection and mathematical manipulation of

predetermined values. The IBUC program alleviates the user's task of

making the selection Of the appropriate predetermined values, based on

user input information, and of performing the necessary arithmatic cal-

culations. In the use of predetermined values in IBUC a sacrifice in

accuracy may be made since the predetermined values may collectively

represent many factors which vary with the individual dwelling and

dwelling location. Any discrepancy between predetermined values in the

IBUC program and conditions representing the user's situation can result

in output that does not reflect the user's actual situation.

The derivation of the predetermined values used in the IBUC program

and their effect on program output is discussed in the sections which

follow. The sequence of their use in arriving at the output information,

their names as used in the HUD manual, and the parameters contributing

to the values are depicted in Figure 5.2.
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5.4.1 The heating multiplier

The basis for determining the energy performance of the residence

in the IBUC program is the well known degree day procedure (ASHRAE,

1976). The degree day value is not a program input variable nor does a

degree day value appear in the computer program itself. Instead, the

degree day variable is one of several parameters which are part Of a

parameter referred to in the HUD manual as a heating multiplier.

According to one of the contributors to the HUD manual (Timko, 1977),

the heating multiplier is defined as:

HDD x CF x DDIF

“M ‘ BTU x EFF

where: HM = heating multiplier

HDD 8 heating degree days

CF = conversion factors

DDIF = degree day interim factor

BTU = energy content Of heat source

EFF = equipment efficiency

Heating multiplier values, one for each energy source for the state

of Michigan, are adopted from the HUD manual and directly applied in the

IBUC computer program. The heating multiplier value for gas fuel is

0.0197. Neither the specific values nor the method used to attain the

specific values of the parameters used to calculate the heating mul-

tipliers for the state of Michigan are known. The modified degree day

method for estimating space heating energy requirements (ASHRAE, 1976)
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incorporates a degree day interim factor, a part-load correction factor,

and the rated efficiency of the heating equipment. The degree day

interim factor and the part-load correction factor replaced the need, in

previous ASHRAE degree day methods, to estimate seasonal system effi-

ciency. Using the modified 1976 ASHRAE degree day method the heating

multiplier is defined as:

HDD x CF x DDIF x PLCF

”M ‘ BTU x EFF

where: HM = heating multiplier

HDD = heating degree days

CF = conversion factors

DDIF = degree day interim factor

PLCF = part-load correction factor

BTU = energy content of heat source

EFF = equipment efficiency

When the two degree day procedures, the one used in the HUD manual

and the modified 1976 ASHRAE procedure, are compared, the result is

heating multiplier values of different magnitude for the same geographic

location, Lansing, Michigan. Assuming no oversizing of heating equip-

ment (PLCF = 1.36), 80 percent rated equipment efficiency, six thousand

nine hundred nine degree days, and six degrees F. winter design tempera-

ture (DDIF = 0.758), the 1976 ASHRAE method results in a heating multi-

plier value of 0.0214. The calculation is as follows:

6909 x 0.758 x 1.36 x 0.0000024

HM - 0.80 = 0.0214
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This compares to the HUD and IBUC value of 0.0197. The difference

between these two heating multiplier values may be due to variations in

the assumed parameter values and/or due to the differences between the

two methods. I

Use of a single value to represent the result of combining several

contributing parameters, as the heating multiplier does, has the advan-

tage of reducing the complexity of manual calculation. For reduced com-

plexity some degree of accuracy is sacrificed if the single value heating

multiplier is applied to situations not described by its contributing

parameters.

The degree day, one of the parameters in the heating multiplier,

is an indication Of the ambient temperature conditions of a particular

geographic area. Thus, the ability of the heating multiplier to reflect

true conditions will decrease when the IBUC program is used in geograph—

ical areas with different degree day values from the degree day value

used to arrive at the heating multiplier in the IBUC computer program.

The degree day interim factor is another parameter which has an

effect on the derived heating multiplier value. The degree day interim

factor is selected on the basis of the outdoor winter design temperature

of a particular geographic location. It is a correction factor taking

into account two aspects of homes constructed today as opposed to homes

constructed at the time the degree day method of estimating heating

energy requirements was devised. One aspect is the increased amount of

insulating material utilized in home construction today. Second is the

increase in the amount of internal heat gain, resulting from an increase

in the number of heat dissipating appliances, that ultimately contributes

toward partial fulfillment of the space heating requirements.
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These two aspects mean that in homes built today the envelope heat

loss may be compensated for to a lower outdoor temperature than the

customary 65 degree fahrenheit degree day base. Since the degree day

interim factor is based on the outdoor design temperature and since it

is a parameter used to determine the heating multiplier, the calculated

heating multiplier value will reflect conditions representative on only

the geographical area for which the correction is made.

The effect of these two geographic dependent parameters, the degree

day and the degree day interim factor, on the heating multiplier value

is illustrated in Table 5.2. Heating multiplier values shown were com-

putedusing the 1976 ASHRAE modified degree day procedure assuming 80

percent rated equipment efficiency and zero percent oversizing (PLCF =

1.30). The Benton Harbor and Houghton locations represent extreme winter

degree day conditions in Michigan. The percent variation column is a

comparison of heating multiplier values for several Michigan locations

with the heating multiplier for Lansing, Michigan. The values in the

percent variation column show the percent variations that are reflected

in the economic output when one heating multiplier value is used in calcu-

lations for all Michigan locations.

The last column in Table 5.2 expressed the percent variation in

terms of estimated dollar savings. A gas price of 35 cents per hundred

cubic feet and a savings factor (defined in section 5.4.4) of 30 BTU/HR

°F are assumed. The use of the Lansing heating multiplier value to

estimate savings for Benton Harbor results in overestimating the savings

by 2.94 dollars, or 13 percent more than if the Benton Harbor heating

multiplier value is used. If the Lansing heating multiplier is used to

estimate savings in Houghton the savings is underestimated by 4.73
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Table 5.2 Effect of geographic location on heating multiplier values

and the effect of heating multiplier values on estimated

yearly savings from the IBUC program.

 

 

Geographic 97 1/2% Degree - Degree Heating % Varia- Estimated

 

Location in Outdoor Day Days Multiplier, tion Dollar

Michigan Design Interim Per 1976 ASHRAE Lansing Savings

Temp., °F Factor Year vs. Other

Locations

Lansing 6 .758 6909 .0214 O 22.47

Benton Harbor 3 .734 6200 .0186 +13 19.53

Houghton -4 .682 9325 .0259 -21 27.20

Detroit 8 .774 6258 .0198 +7 20.79

Iron Mt. -16 .598 8653 .0211 +1 22.16
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dollars or 21 percent less than if the HOUthon heating multiplier value

is used. The estimated savings for Benton Harbor and Houghton differs

by 7.67 dollars.

Other parameters contributing to the heating multiplier, when the

1976 ASHRAE procedure is used, include a term for energy content of the

energy heat source, a term for the rated efficiency of the heating equip-

ment and a part-load correction factor. All are important to the accur-

acy of the heating multiplier. Values used for these parameters should

be carefully selected to describe the particular situation as accurately

as possible. The energy values for various energy sources are well docu-

mented. Rated full-load efficiencies of fuel fired equipment are usually

in the range of 70 to 80 percent and may be obtained from the manufac-

turer (ASHRAE, 1976). A part-load correction factor may be selected

from ASHRAE based on a comparison of the design heat loss of the structure

and the rated output of the fuel fired heating system.

5.4.2 The energy cost value
 

A single value for the cost of each type of heating energy source

is contained within the IBUC program. Any discrepancy between the energy

cost value contained in the program and the local energy cost will be

reflected in the economic output information. For example, estimated

yearly savings will vary 3.21 dollars for each 5-cent variation in gas

price, assuming a heating multiplier value of 0.0214 and a savings factor

of 30 BTU/HR °F. The type of energy source used in the home heating

system is a user input item. From this information both the heating
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multiplier value and the energy cost value are selected and used in

subsequent program calculations.

5.4.3 The heating factor
 

Multiplication of the heating multiplier and the energy cost results

in a value, referred to in the HUD manual and the IBUC program, as the

heating factor. This value collectively represents the effect of cli-

mate, energy content of the energy source, efficiency of the heating .

system, and cost of the energy. No separate discussion of the deriva-

tion of the heating factor is needed since it is the product of two

values discussed previously and no new parameters are introduced.

5.4.4 The savings factor
 

Each energy conserving action, if implemented, implies an improve-

ment in the thermal performance of the home through a reduction in the

rate of heat loss. In both the HUD manual and IBUC computer program,

the improvement in the thermal performance of the structure is repre-

sented by savings factor values. The magnitude of the improvement, or

heat loss reduction, realized from the implementation of any one energy

conserving action depends on the rate of heat loss from the structure

after having implemented the energy conserving action.

For example, a home presently without attic insulation realizes a

greater reduction in heat loss with the addition of six inches of insu-

lation than would a home presently with two inches of insulation with

the addition of four more inches of insulation. A savings factor value
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is the difference between the rate of heat loss prior to the implemen-

tation of the energy conserving action and the rate of heat loss after

the energy conserving action has been implemented.

Savings factor values, adopted from the HUD manual, corresponding

to several potential stages of implementation of each energy conserving

action are stored in the computer. Selection of the appropriate value

for use in subsequent computation, involving a particular energy con-

serving action, is made based on user input information that establishes

the expected change in the thermal performance of the structure. Mul-

tiplication of the selected savihgs factor value with the calculated

heating factor value results in the estimated yearly dollar savings for

a particular energy conserving action, Figure 5.2. Estimated dollar

savings is one of three items of economic information output from the

IBUC program.

5.5 Summary of the IBUC Program

The IBUC computer program is best suited for use by the home owner.

The program provides information to assist in making decisions regarding

the implementation of various energy conserving actions in the home.

The necessary input information is easily obtained and the format of the

input form permits the required information to be easily recorded.

Drawings aid the user in completing the input form by describing the

energy conserving options and explaining the information required.

A limitation of the IBUC program is the use of the steady state

method of heat transfer. This method is not capable of accurately

describing heat transfer in a constantly changing climate. IBUC is not
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a comprehensive program. It focuses on the energy consumption of the

residence as affected by the components of the building envelope. The

energy consumption calculation used in IBUC does not incorporate the

1976 ASHRAE modification to the degree day procedure.

The IBUC program uses one set of degree day, energy cost, and

building cost values. If the program is used in geographic areas where

the values are not valid, the variation is carried through the calcula-

tions and is reflected in the program output.

It must be pointed out that most of the limitations that have been

described are characteristics that make the IBUC program uncomplicated

and easy for the home owner to use.



6. THE TRNSYS PROGRAM

6.1 Purpose of TRNSYS

TRNSYS (Transient System Simulation) version 7.3, is a simulation

system developed at the University of Wisconsin for simulating appli-

cations of solar energy to water heating and space heating and cooling

systems (Klein gt_gl,, 1974). This simulation method is based on a modu-

lar concept, whereby, each physical component or closely allied group of

components, involved in the flow of energy in a heating/cooling system,

is modeled independently of other components. TRNSYS, therefore, is a

library of component subroutines and does not consist of a fixed program

with the same input and output formats for each simulation. To use the

TRNSYS simulation system the user first formulates the system to be

simulated using subroutines from the TRNSYS library. The program input

is then prepared based on the individual input needs of the TRNSYS

modules selected. The system simulated may be simple using only a few

of the subroutines available or may be complex using many of the avail-

able subroutines in the TRNSYS library.

Information flow between the component modules, or individual sub-

routines, is controlled through an executive program. Connections, as

in a real system, usually include a linkage between the output of one

module and the input of another. Each of the component modules has a

sequentially numbered input, output, and parameter list that must be

43
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satisfied either through component interaction or through specification

by the user.

There are several modules in the TRNSYS library that do not repre-

sent real system components. They include modules for implementation

of input and output for the user developed program and modules for per-

forming certain specific mathematical tasks at the users discretion.

The heat transfer methodology applied in the TRNSYS program is based

on hour-by-hour climatic data and on the use of differential and alge-

braic equations to describe the various time dependent energy processes.

Due to the modularity concept of simulation a user of TRNSYS needs to

have only a superficial familarity with computer operations and a general

comprehension of the factors involved in heat transfer processes. There

is a built-in element of flexibility that allows the user to insert

mathematical descriptions of processes other than those used in the

TRNSYS component simulation modules. To do this requires a thorough

knowledge of both programming techniques and heat transfer processes.

Although the TRNSYS system includes modules describing solar system

components such as collectors, storages, pumps, etc., the focus of this

work deals only with those modules most closely involved with the heat

loss or heat gain to the living space of a residence. Application of the

TRNSYS program to the simulation of commercial solar hot water heating

systems has been performed by Thomas (1977).

The TRNSYS program was applied to the residence described in sec-

tion 4.0 on an individual subroutine basis. Figures 6.1 and 6.2 refer

to a discussion of input to the TRNSYS program. This is followed by a‘

discussion of a simulation of the example home, selecting subroutines
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employing simple heat transfer methodologies. The block diagram of the

formulated program is given in Figure 6.3 with the corresponding input

and output shown in Figures 6.4 and 6.5 respectively. Another simulation

program is formulated for the same home using subroutines employing

sophisticated heat transfer methodologies. The block diagram for this

simulation is shown in Figure 6.6 with the corresponding input and output

shown in Figures 6.7 and 6.8 respectively.

6.2 Individual TRNSYS Modules

While each component module in the TRNSYS library is different in

that they each perform specific simulation functions, all modules are

similar from the standpoint of the mechanics of program formulation.

Their similarity is in the type and order of presentation of information

that is required to be supplied by the user. As many as eight categories

of information may be required by a component module with each category

representing at least one card of program input. Figure 6.1 identifies

the categories of module information in the order required for submission.

Figure 6.2 is the corresponding input of actual program information for

a single component module. Some modules do not require all eight infor-

mation categories. Which categories are required is an individual com-

ponent module characteristic and is discussed in the TRNSYS system users

manual on a module-by-module basis.

6.2.1 Module identification

The first information category (Figure 6.1) concerning each TRNSYS

module deals with module identification. Module identification serves as
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INFORMATION

CATEGORY TYPE OF MODULE INFORMATION

1 UNIT’(no.) TYPE (no.) Comment or component name

2 Parameters (no.)

3 Parameter value list for module

4 Inputs (no.)

5 Input source identified (other system modules TYPE and

output sequence number)

6 Initial input values if the source is other system modules

or constant input values if no source is specified in

category five

7 Derivatives (no.)

8 Initial values of dependent variables

Figure 6.1 The type of individual module information required for a

TRNSYS program module. See numerical examples in Figure 6.2.
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INFORMATION

CATEGORY MODULE INFORMATION

1 UNIT 39 TYPE 17 EAST WALL

2 PARAMETERS 6

3 1.000E+OO 2.230E+01 0. 0. 7.830E-01 9.000E-01

4 INPUTS 4

5 0,0 0,0 0,0 19,2

6 -4.9 0.0 0.0 0.0

7 DERIVATIVES 3

8 0.0 1.000E+01 2.000E+01

Figure 6.2 Example input values for a typical TRNSYS program component

module. These values correspond to the information cate-

gories described in Figure 6.1.
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means of informing the TRNSYS executive program which real system compon-

ents have been selected for simulation by the user. Module identifica-

tion also serves as a code for the communication of information within

the program as simulation proceeds. Each module is identified in two

ways, in addition to the name of the component it represents in the cor-

responding real system. The first means of module identification is a

TYPE number. Every module in the TRNSYS library was assigned a permanent,

unique TYPE number at the time the TRNSYS simulation system was developed.

This number identifies the module with respect to the real system compon-

ent it models or the specific function it performs. A module with the

same TYPE number may be used repeatedly in a simulation. A few modules

dealing with input and output are limited in the number of times they

can be used in a program. For example, a TYPE 17 wall module may be

used to simulate each exterior wall in a home. No matter how many times

the wall module is used in a program, the wall module is identified with

the TYPE number unique to it.

The second means of module identification is a UNIT number assigned

to each module at the time of program formulation by the user. The TYPE

17 wall module in Figure 6.2 was assigned UNIT number 39. Unlike the

TYPE number no two modules in a user developed simulation program may be

assigned the same UNIT number. If more than one wall module is used in

a program, each would have a different UNIT number. Both the TYPE and

the UNIT number identification for a wall module are shown in the example

input of Figure 6.2.
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6.2.2 Module parameters

Information category two and three (Figure 6.1) deal with the param-

eters required for a particular module. Category two is the number of

parameters required and category three is a list of the required param-

eter values. The number of parameters required varies, depending on the

specific component module and, in some cases, the mode option chosen

within the component model. The wall module of Figure 6.2 requires six

parameters. In order they are: (1) wall type code, (2) area, (3) per-

cent of wall that is window, (4) percent of window that is shaded,

(5) absorptance of wall to solar radiation, and (6) infrared emittance

of exterior wall. Values of the required parameters must be listed in

the order specified in the user's manual. The parameter values describe

the characteristics of the real system component.

6.2.3 Individual module inputs
 

Information categories four, five, and six (Figure 6.1) involve

inputs to the individual module. The number of inputs for the particu-

lar module are specified in category four. This number varies depending

on the need of the particular module and, in some cases, on the user's

preferences. Four inputs are needed for the wall module of Figure 6.2.

In information category five the source of the inputs are identified.

Input sources may be designated as the outputs of other modules used in

the simulation or may be designated as an input to be specified by the

user. When the input originates from another module in the system

simulation, the UNIT number of the source module is given followed by
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the position number of the output from the source module. In this way

the TRNSYS executive program is able to link the system component

modules and provide for the flow of information between them. Indoor

temperature, the fourth input to the wall module in Figure 6.2, is

designated as 19,2. The source of this input is the second output of

UNIT 19. When the input source is not from another system component

module, a value of zero is given to both the UNIT number and the output

number. Outdoor temperature, solar radiation and wind velocity, the

first three inputs to the module of Figure 6.2, are designated by 0,0.

This means that either a particular input is not necessary for the cur-

rent application of the component module or designates the input value

is to be specified by the user.

The sixth information category contains initial values for the cor-

responding input sources indicated in category five. When no system

module is identified as the input source in category five (UNIT 0, out-

put position O), a non zero value for that input may be supplied in cate-

gory six which then becomes a constant value input to that module

throughout the simulation. Outdoor temperature, the first input to the

wall module of Figure 6.2, is assigned the value of l4.9. This causes

the outdoor temperature input to the wall subroutine to remain constant.

Whether a module input value is a constant specified by the user or is

Obtained as output from another component module is an option available

to the user.

6.2.4 Module derivatives

The number of derivatives involved in the component simulation is

specified in information category seven (Figure 6.1). This number is
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predetermined for each mode within the component module. Once the mode

option is selected by the user the number of derivatives is known. The

wall module of Figure 6.2 employs three derivatives. Category eight

contains initial values for the dependent variables used in the corres-

ponding derivatives of information category seven. The three initial

temperature values assigned to the dependent variables in category eight

are 0.0, 10, and 20 (Figure 6.2).

6.3 Program Formulation Examples

With a simulation objective clearly established the user proceeds

with program formulation by identifying all of the real system compon-

ents involved and noting their interrelationship. Modules are selected

from the TRNSYS library that will achieve the desired objectives by

modeling the real system components and by performing non-component

functions such as input, output, or specialized tasks.

A block diagram can be utilized as a program formulation aid with

each block representing a system module. Such a diagram allows the user

to better visualize each component in the system with respect to other

components. The diagram allows the user to map the flow of information

between components, to note the required input and parameter informa-

tion, and to visualize the potential output information.

Two examples of programs formulated from TRNSYS subroutines are

discussed in this section. Both examples are simulations of the example

house described in section 4.0. The first program is an application of

the space heating energy per degree-hour module (TYPE 12). The entire

simulation program in this simple example consists of only four TRNSYS
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modules. The methodology of the energy per degree-hour subroutine is

discussed in section 6.5.1.

The second program example uses more of the TRNSYS modules. A

greater number of the appropriate modules provide a more complete

description of the energy performance of a building than the TYPE 12

module by itself. The principle modules used in the more complete simu-

lation are TYPE 17 wall, 18 roof, and 19 room and basement. The method-

ology of these subroutines is discussed individually in section 6.5.2.

6.3.1 TRNSYS program: module TYPE 12

An example of a block diagram for the first example program is

shown in figure 6.3. This diagram illustrates an application of the

energy per degree-hour module (TYPE 12) of the TRNSYS simulation system

to the example home described in section 4.0. The four modules employed

are data reader, energy per degree-hour space heating, quantity integrater,

and printer. The energy per degree-hour subroutine is discussed in

section 6.5.1.

The inputs and outputs of individual component modules are noted

on the component block in the diagram (Figure 6.3). Lines of informa-

tion flow are drawn between modules, linking the outputs of some modules

to the inputs of others. In Figure 6.3 Tamb (ambient temperature), out-

put position number 7 of UNIT 9 TYPE 9, is linked to the appropriate

input position of both UNIT 12 TYPE 12 and UNIT 25 TYPE 25. In this

example, Tamb is a required input to UNIT 12 TYPE 12, the energy per

degree-hour module. To have the Tamb value appear in the output record

it is input to UNIT 25 TYPE 25, the printer module. It is not necessary
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UNIT 9 TYPE 9

DATA READER

7

Tamb

1 2 3 7..

T1 M1 Tamb anin

UNIT 12 TYPE 12

ENERGY PER DEGREE-HOUR

l 2 3 4

“rc1 MCL Q. Q .   
  

  

Q1

UNIT 24 TYPE 24

INTEGRATOR

Q11

[

     
 

Q11 Q1 Tamb

UNIT 25 TYPE 25

PRINTER   

Figure 6.3 An example block diagram of a complete program using

the methodology of the Degree-Hour TRNSYS module.
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that all of the inputs and outputs of the component modules be utilized.

Only the inputs and outputs of interest to the user or those required

by the component modules to perform their functions need to be linked

appropriately.

A program takes shape as the needed modules are fitted into a

diagram, identified, and lines of communication between components

established. When all of the components in the system being simulated

have been accounted for with appropriate simulation subroutines and pro-

vision for the required input and output has been made the program

development is complete. At this point, the type and quantity of program

input information can be assessed. Since the user tailors the program

to suit the needs Of the simulation problem, no standard input form is

used. With the TRNSYS system input is on a module-by-module basis with

each module requiring nearly the same type of information. Using the

block diagram (Figure 6.3) as a guide, the user proceeds on a module-by-

module basis noting the information required by each of the eight infor-

mation categories. This information, put into a format acceptable to

the users' computer facilities, comprises the input for the program.

All of the required input information for the program illustrated in the

block diagram of Figure 6.3 is shown in Figure 6.4 as it would be sub-

mitted to a computer. This example'illustrates the point that not all

component modules require input to each of the eight information cate-

gories. Differential equations are not a part of the simulation method-

ology of the modules used in this example, therefore, input to informa-

tion categories seven and eight does not appear in Figure 6.4.

Output from a user developed simulation program is at the discre-

tion of the user within the provisions of the TRNSYS simulation system.
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The user needs only to incorporate print and/or plot modules into the

program and to identify the source module outputting the desired infor-

mation. In general, the print and plot modules are utilized in the same

manner as other TRNSYS library modules with certain requirements peculiar

to the functions they perform.

The form in which the output appears is determined by the printer

module. The time interval at which output occurs is user specified.

An output for the degree-hour simulation program of Figure 6.3 and 6.4 is

shown in Figure 6.5. From Figure 6.3 the desired output sources are.

identified by noting the UNIT number and the output position number. The

output sources the the ambient air temperature (9,7) the heating load

(12,3) and the cumulative heating load throughout the simulation period

(24,1). These sources become the input to the printer module (UNIT 25,

TYPE 25) with the resulting program output shown in Figure 6.5. Auto-

matically included in column one of the output is the time of printout,

the printout interval having been specified by the user in the printer

module parameter list.

The TRNSYS output of Figure 6.5 is for a simulation period of 24

hours in mid January. The second column is the hourly ambient tempera-

ture output directly from the weather data tape. The third and fourth

columns are the hourly and cumulative heating loads respectively. The

greatest hourly load (6,656 KJ/HR-°C) for the example house occurred

the initial hour of the simulation. The smallest load (5,381 KJ/HR-°C)

occurred 19 hours into the simulation during the warmest (0°C) hourly

outdoor temperature. The methodology of the energy per degree—hour

module (TYPE 12) used to simulate the house in this example is discussed

in section 6.5.1.
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TIME Tamb HQLOAD TQLOAD

1104.0000-5.001E+OO 6.656E+03 O.

1105.0000-4.835E+00 6.613E+03 6.635E+O3

1106.0000-4.612E+OO 6.557E+O3 1.322E+O4

1107.0000-4.446E+OO 6.514E+O3 1.975E+O4

1108.0000-4.057E+OO 6.415E+03 2.622E+O4

llO9.0000-3.723E+OO 6.33OE+03 3.259E+04

lll0.0000-3.334E+OO 6.231E+03 3.887E+O4

1111.0000-3.l68E+00 6.188E+O3 4.508E+O4

1112.0000-2.945E+00 6.132E+03 5.124E+O4

1113.0000-2.779E+OO 6.089E+O3 5.735E+04

1114.0000-2.057E+00 5.905E+03 6.355E+O4

1115.0000-1.279E+00 5.707E+03 6.915E+O4

lll6.0000-5.564E+01 6.522E+03 7.477E+O4

lll7.0000-3.897E+Ol 5.480E+03 8.027E+O4

1118.0000-1.675E+01 5.423E+O3 8.572E+O4

lll9.0000-8.000E+04 5.381E+03 9.112E+O4

1120.0000-5.564E+01 5.522E+O3 9.658E+O4

1121.0000-1.112E+OO 5.664E+O3 1.022E+05

1122.0000-1.668E+00 6.806E+O3 1.079E+05

1123.0000-1.501E+OO 5.763E+03 1.377E+05

1124.0000-1.279E+OO 5.707E+03 1.194E+05

1125.0000-l.112E+OO 5.664E+O3 1.251E+05

1126.0000-1.112E+OO 5.664E+O3 1.308E+05

1127.0000-1.112E+00 5.664E+03 1.364E+05

1128.0000-1.112E+00 5.664E+03 1.421E+05

Figure 6.5 Output from the example TRNSYS program depicted in

Figure 6.3.
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The general characteristics of the TRNSYS library modules have been

discussed and program formulation method has been illustrated using a

simple application of the degree-hour (TYPE 12) module. While the exam-

ple does serve the purpose of illustration, it by no means conveys the

full extent to which the TRNSYS simulation system may be utilized.

6.3.2 TRNSYS prggram: modules TYPE 17, 18, and 19
 

TRNSYS modules TYPE 17, 18, and 19 account for more of the factors

influencing the energy performance of a building than does the TRNSYS

TYPE 12 module. The TYPE 12 module accounted for only one influencing

factor, temperature difference, as the driving force in the heat trans-

fer process. In addition to the air temperature difference, solar radia-

tion, wind, and thermal capacitance are among the factors considered

with respect to their influence on the total energy performance of the

residence when TRNSYS modules l7, l8, and 19 are used. Modules TYPE 17,

18, and 19 are incorporated into the program, as it is formulated, in

the same manner as any module would be if it represented a real compon-

ent in a system involving the flow of energy. The simulation method-

ology used in the TYPE 17, 18, and 19 subroutines is discussed in sec-

tion 6.5.2.

(The second example program, incorporating modules TYPE 17, 18, and

19, is illustrated in the block diagram shown in Figure 6.6. Twenty

TRNSYS modules make up the simulation program. Of the 20, only seven

carry different TYPE numbers since some are used repeatedly in order to

give individual treatment to the building constructions of the home.
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The program begins with a TYPE 9 card reader module. This module

accesses the weather tape which supplies hourly data on ambient temper-

ature, wind velocity, and solar radiation, the major driving forces

considered in the heat transfer processes. The solar radiation infor-

mation from module TYPE 9 becomes input to eight TYPE 16 modules, the

solar radiation processors. The solar radiation modules translate the

radiation incident on a horizontal surface, as obtained from the weather

data tape, to that incident on a wall or roof surface slope and orienta-

tion. The translated solar information output from the solar radiation

processors, TYPE 16, is supplied as input to the four TYPE 17 wall

modules and the two TYPE 18 roof modules.

A TYPE 17 wall module is used to predict independently the energy

flow through each of the four walls of the example house. Each of the

four TYPE 17 wall modules receive four inputs. The inputs are trans-

lated solar information from the TYPE 16 module, wind velocity and

ambient temperature input from module TYPE 9, and room temperature input

from the room and basement module TYPE 19. The rate of energy transfer

between a wall and the room is the output from each of the TYPE 17 wall

modules used in the program. Those four energy flow rates are summed

through use of a TYPE 15 algebraic operations module, yielding the total

rate of energy flow through the walls of the residence. This quantity

then becomes an input to the TYPE 19 module, the room and basement.

Two TYPE 18 roof modules are used to model the rate of energy

exchange through the roof/ceiling construction in this example. The

example residence described in this program is one with roof ridges

running in both the east-west and the north-south directions. This '

accounts for the roof surfaces facing four different directions. Each
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of the two TYPE 18 roof modules account for the two opposite facing

roof surfaces. Two solar radiation inputs from TYPE 16 modules are

required by each of the TYPE 18 modules to account for the two opposite

facing roof surfaces. Otherwise inputs to the TYPE 18 roof module are

the same as for the TYPE 17 wall modules. The outputs from the two

TYPE 18 roof modules are the rate of energy flow between the ceiling and

the room. These two outputs are summed through use of a TYPE 15 alge-

braic Operations module before becoming input to the TYPE 19 room and

basement module.

TYPE 19, the room and basement subroutine is a major module in the

TYPE 17, 18, and 19 method of simulating the thermal performance of a

residence in the TRNSYS system. The TYPE 19 module receives the output

of TYPE 17 and 18 modules and incorporates this information, along with

other inputs and parameters, into an algorithm leading to a determination

of the thermal performance of a residence. A provision is made in the

TYPE 19 module to account for a variety of user specified sources of heat

gains or losses other than through the ceiling/roof and wall building

constructions. The example program (Figure 6.6) indicates that three

inputs are made to TYPE 19. They are the rate of energy flow between the

room and the ceiling, the rate of energy flow between the room and the

walls, and the ambient temperature from module TYPE 9.

A TYPE 25 printer module is used to gain output from the example

program. This concludes the formulation of the TYPE 17, 18, and 19

program for the simulation of the example house.

All of the input for the TYPE 17, 18, and 19 program is shown in

Figure 6.7. The values shown are an accumulation of the information

requirements of the eight categories for each of the 20 TRNSYS modules.
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Output from the TYPE 17, 18, and 19 program is shown in Figure 6.8.

The user may obtain output from any TRNSYS subroutine by specifying the

output source in the TYPE 25 printer module. (The output of Figure 6.8

is for a simulation of the example house for a period Of 24 hours in I

mid-January. The six outputs in Figure 6.8 are (first row) ambient

temperature, heat loss through the north-south roof, attic temperature

of the north-south roof, (second roof) hourly heat loss through the

house walls, hourly house heating load and indoor temperature.

In this simulation the indoor temperature is allowed to drift

between maximum and minimum specified values. As long as the calculated

indoor temperature is within the specified limits there is no heating

load. This situation can be seen (Figure 6.8) during the first six hours

of the simulation. At the start of the simulation indoor temperature

was 21 degrees, midway between the maximum and minimum specified values.

Since the minimum temperature is satisfied for the first six hours of

simulation there is no need for any heating. Gradually the indoor temper-

ature falls to the minimum value specified (18.3 degrees) and heating of

the house is necessary beginning the seventh hour of the simulation.

The minimum indoor temperature is maintained throughout the rest of the

simulation period.

The maximum house heating load (15,880 KJ/HR) is during the eighth

hour of the simulation. At this time the heat loss through the walls of

the house was 7,328 KJ/HR or 46 percent of the total heating load.
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Figure 6.8 Output from the TRNSYS program depicted in Figure 6.6.
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6.4 TRNSYS Methodology

The discussion of heat transfer methodology is limited to those

TRNSYS library modules that pertain specifically to the simulation of

the thermal performance of a building. Basically, there are two methods

a TRNSYS system user may employ to simulate the energy performance of a

residence. One method is relatively simple while the other method is

more complex. The more complex method describes the heat transfer pro-

cesses in greater detail, thus more closely representing the actual heat

transfer situation in a building. Both are available through the flex-

ible programming provision of the TRNSYS simulation system. The method

employed depends on the needs, priorities and objectives of the TRNSYS

system user.

6.4.1 TRNSYS module TYPE 12
 

The primary module from the TRNSYS library that achieves the degree-

hour simulation of the heating load of a residence is the TYPE 12 sub-

routine. This module utilizes an approach similar to the degree-day

concept for estimating the heating load of a residence. Degree-day

values are not used by TRNSYS. Instead, an energy per degree-hour method

is used. The equation for the instantaneous heat load, as used in TRNSYS

module TYPE 12 is:
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QL = UA (Tr - Tamb) = Qgen - anin

where QL instantaneous residence heating load, energy/hour

UA user determined residence heating requirements,

energy/degree-hour

Tr = residence room temperature, degrees

Tamb

Qgen

outdoor ambient temperature, degrees

constant heat gains (appliances, lighting, people),

energy/hour

anin = time variant heat gains to the residence, energy/hour

The most significant aspect of the TRNSYS degree-hour method is the

basis for obtaining the driving force temperature differential,

T
T is user specified, Tamb is taken from hourly climatic

r ' Tamb' r

records for the geographic location in which the residence is located.

This provides an hourly accounting of the required energy load rather

than a monthly or yearly estimate as when the degree-day concept is used.

With the degree-day concept the driving force is based on an accumula-

tion of degrees of temperature difference between the mean daily tempera-

ture and 65 degrees F..

Four mode options are available to the user within the TYPE 12

module. These options provide programming flexibility in that one of

the options will describe the users existing system. If no real system

exists, there are four system options available for experimentation.

Two of the options deal with situations where two sources, auxil-

iary and solar for example, may both contribute to satisfy the Space

heating load. In one case the auxiliary source supplies the entire load
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when the solar supply is inadequate to satisfy the entire load. In the

other option the auxiliary source makes up only that part of the total

load that the solar source is unable to fulfill. In both of these cases

the space load is a function of the user specified room temperature and

the heating requirements of the residence.

No auxiliary energy source is included in either the third or

fourth mode Option of TRNSYS module TYPE 12. The third option is

strictly a space load determination on the basis of the user specified

room temperature and the residence energy requirements. Application of

the mode three option of TYPE 12 to the example residence is illustrated

in Figure 6.3, 6.4, and 6.5 in the discussion of program formulation. In

the fourth option of module TYPE 12 no room temperature is specified.

Instead the thermal capacitance of the residence is specified. The resi-

dence capacitance and the residence energy requirements then become the

basis for determining the residence room temperature.

6.4.2 TRNSYS modules TYPE 17, 18, and 19
 

6.4.2.1 TYPE 17 wall
 

Each exterior wall of a dwelling may be modeled independently using

module TYPE 17 of the TRNSYS library. Variations in each wall building

construction may be described and, thereby, taken into account with

respect to their effect on the thermal performance of the building.

Typical information required to describe each wall includes the wall

area, the percent of wall area that is window, the percent of window that

is shaded, the absorptance of the wall to solar radiation and the
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infrared emittance of the wall. Weather factors such as solar radia-

tion, wind velocity and ambient air temperature are inputs to TYPE 17

from weather data.

The user has the option of choosing between one of three standard

wall constructions or specifying a wall construction composed of his own

selection of materials. The latter option requires a thorough under-

standing of the principles of heat transfer by the TRNSYS user. The

three standard wall construction options are an insulated wood frame

construction, an uninsulated masonry construction, and a combination wood

frame with face masonry insulated construction. All of the material

dimensions and thermal properties of the walls have been included in the

TYPE 17 subroutine.

Both differential and algebraic equations are used to describe the

flow of heat through a wall construction in the TRNSYS TYPE 17 module.

Algebraic equations are used to describe the flow at the outside surface

node since this node is assumed to have no thermal capacitance. Three

additional nodes within the opaque portion of the standard wall construc-

tions are described with differential equations. These equations account

for the thermal capacitance of the wall construction materials. Since

derivatives are used the user must provide the TYPE 17 module with an

approximate value for the initial temperature of each of the three

internal wall nodes. The number of derivatives and the approximate

initial temperature values are specified in information category seven

and eight of the input for a TYPE 17 wall module.

Conduction and radiation are the two means of heat transfer con-

sidered in the TYPE 17 module. Conduction through the opaque portion

of the wall and conduction through the windows are both considered, but
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are accounted for through separate calculations. Heat gain as a result

of solar radiation through window glass is the other source of heat flow

considered. Total heat flow through the wall construction is the sum of

the heat flow by the way of the two conduction paths and the heat flow

by the way of the radiation path through the window portion of the wall.

6.4.2.2 TYPE 18 roof
 

The TYPE 18 roof subroutine serves the same purpose in a TRNSYS pro-

gram as the TYPE 17 wall module except the roof subroutine deals with

heat flow through the roof/ceiling constructions. In the case of both

the TYPE 17 and the TYPE 18 modules the total heat exchange between the

room and the building constructions becomes input to the TYPE 19 room

and basement module. The TYPE 19 module uses this information to

describe the total thermal performance of the building under study.

The user may select from several standard roof constructions avail-

able in the TYPE 18 module. The properties of the standard construction

are completely Specified within the module. The user also has the option

to specify a construction composed of his own selections of building

materials. The standard Options include a flat roof, with a two or three

node option, and a pitched roof with or without solar collectors mounted

on it.

Some of the parameters that are provided by the user to the TYPE 18

module that are used to describe a typical roof/ceiling construction

include the ceiling area, the areas of the roof surfaces facing different

directions roof absorptance to solar radiation, and infrared emittance of
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the roof surface. The flow of heat through the roof/ceiling assembly

is described using both algebraic and differential equations.

6.4.2.3 TYPE 19 room and basement
 

TYPE 19, the room and basement subroutine, incorporates the inputs

from the TYPE 17 and the TYPE 18 modules and other sources into an over-

all dwelling space heating or cooling load simulation. In addition to

the load contributions from the heat flow through the ceiling and walls

the contributions due to infiltration, basement construction and internal

heat sources are taken into account through parameters specified by the

user. Other user specifications include option code numbers, indicating

the user's preferences, and the physical dimensions describing the

dwelling under study. The TYPE 19 subroutine uses the same methods to

describe the heat transfer processes as the TYPE 17 and 18 subroutines

employed.

A significant aspect of the TYPE 19 room and basement subroutine is

the two options available to the user regarding the simulated control

over the heating or cooling system. The two control Options are referred

to as the energy rate control (mode 1) and the temperature level control

(mode 2).

With mode 1, energy rate control, the room temperature is deter-

mined based on all of the heat losses or gains considered in the TYPE 17,

18, and 19 modules. The calculated room temperature is compared with

user specified upper and lower room temperature limits. If the calculated

room temperature is above the upper acceptable limit a cooling load occurs.

If the calculated room temperature is below the specified lower room
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temperature limit, a heating load occurs. When the calculated room

temperature is between the upper and lower user specified limits a no

load situation is assumed. When the latter situation exists no load is

output for that time step.

The heating or cooling load that is calculated for a particular

time step, when the mode 1 option is being used, is assumed to be fully

satisfied, instantaneously, by an unspecified source. In a real situa-

tion the space load demand is not met instantaneously. Both the heating

or cooling system has inherent start-up and Shut-down characteristics

affecting its output over time. However, fewer TRNSYS components are

needed to simulate the thermal performance of a residence when the mode 1

option is selected and the resulting load determination is suitable for

many purposes.

The mode 2 option of the TYPE 19 subroutine is called the room temp-

erature level control. In this option TYPE 19 determines the dwelling

space load as in mode 1. In addition it considers the energy transferred

into the room from sources such as a furnace or solar heat supply. In

this way the user can simulate various space conditioning systems in

order to study their effectiveness in satisfying the space load demand.

The output of the modules simulating the energy supply becomes input to

the TYPE 19 module and is considered along with other energy sources in

attempting to satisfy the space load of the dwelling. The energy source

may or may not have the capability to satisfy the space load demand.

This will be reflected by the room temperature output form TYPE 19.

The performance characteristics of the energy source and any related

components are taken into account in the mode 2 option. As more factors
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are accounted for the situation becomes more realistic and accurate.

Energy source system components can include modules from the TRNSYS

library representing solar system devices, heat exchangers, temperature

contrOllers and others.

6.5 Summary of the TRNSYS Program

The unique feature of the TRNSYS program is the modular simulation

technique. This feature allows the user to create programs to simulate

a variety of systems addressing building energy performance. There is no

set input form for a TRNSYS program because the input depends on the sub-

routines selected for use in the simulation. Each subroutine requires

the same TYPE of information. The total input for a TRNSYS program is

an accumulation of the inputs for each of the subroutines used to make up

the program.

To make use of the TRNSYS simulation system the user needs to per-

form two tasks. First, the desired program has to be developed from

TRNSYS modules. Second, the required input information has to be speci-

fied. To complete the first task the user should have knowledge of the

relationship between the physical components of the system to be simulated.

To complete the second task the user should have knowledge of the factors

affecting the performance of the system's components. For the components

used in this study the user should have knowledge of the factors affect-

ing the heat transfer in buildings. A knowledge of computer programming

is not required by the user in order to use the TRNSYS simulation system.

Both algebraic and differential equations are used in TRNSYS.

Differential equations are used to describe the heat transfer situations
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taking place under transient conditions. The only way the user is

involved with differential equations is in specifying the initial values

of the dependent variables when required.



7. THE NBSLD PROGRAM

7.1 Purpose of NBSLD

The National Bureau of Standards Load Determination (NBSLD) program

was developed at the National Bureau of Standards by Kusuda (1976a). The

purpose of NBSLD is to aid in the thermal design of buildings by pro-

viding a means of accurately determining heating and cooling loads. The

organization of NBSLD consists of an executive program and numerous Sub-

routines. Some of the subroutines may be used individually as main pro-

grams when only the information provided by that subroutine is of par-

ticular interest.

The NBSLD program is flexible with provision for several modes in

which it may be used. It can be used to determine the design heating and

cooling load for a structure based on summer and winter design conditions

or it can be used for a determination of the instantaneous heating and

cooling loads based on hourly weather data for a particular location.

Within both of these modes there are additional options available to the

user. This flexibility permits the user to thoroughly evaluate each I

aspect of a structure that may affect its thermal performance. In addi-

tion to its thoroughness and accuracy the NBSLD program incorporates

several unique features of thermal analysis not available in other heating

and cooling load calculation programs.

74
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The NBSLD program was applied to the residence described in section

4.0. The input and the various outputs are discussed in the following

sections. Figure 7.1 is the input for the NBSLD simulation of the example

residence. The input data of Figure 7.1 is included in Appendix C in a

completed NBSLD input form. Figure 7.2 shows that two types of output

are obtained from NBSLD when the design day option is selected. Each

is produced by different NBSLD subroutines. Figures 7.3 and 7.4 are

examples of the design day outputs obtained. Figure 7.5 illustrates a

third output can be obtained when the hour-by-hour method of simulation

is selected. This simulation method employs an hourly weather record to

simulate actual climate conditions. Figure 7.6 is an example of an hour-

by-hour simulation.

7.2 Input to NBSLD

Most of the input information to the NBSLD program falls into one

of three categories: (1) building operating data, (2) building physical

data, and (3) climatic data.

The building operating data category of input consists of informa-

tion regarding potential sources of heat generation within the building

and information regarding ventilation air characteristics. The operating

schedules of lighting, equipment, and appliances which may add to the

cooling load or alleviate the building heating load are input on an hour-

by-hour basis. Acceptable limits of ventilation air temperature and

ventilation air rates are also inputs in this category.
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A description of the physical aspects of the building that influence

its thermal performance are inputs in the category on building physical

data. Room dimensions, constant heat transfer coefficients, building

material properties, infiltration rates, type of heat transfer exposures,

exposure areas, and exposure orientations are typical of the input data

in this category. The building physical data category requires the

greatest amount of input information to the NBSLD program.

The climatic data category of input includes information on the

geographic location of the particular building, summer and winter design

conditions, and the time of year in which the simulation is being done.

Some of the information in this category is used by the program to select

the appropriate weather data from a weather data tape used when the pro-

gram is run in the hour-by-hour simulation mode.

Information in the first two categories may be used to describe the

specific characteristics of a particular space within a structure such as

a single Office in a large office building. In a like manner this infor-

mation may also be used to describe a Single room within a residence

when such a detailed thermal analysis of the structure is desired. For

the discussion in this study the entire house is considered to be a single

room since most residences strive to have nearly uniform thermal condi-

tions throughout the inhabited space. However, should it be desired to

investigate the effect of isolating certain rooms or functional areas

from the heating system the NBSLD program has the capability to do so.

Considering the entire house as a single room in no way alters the run-

ning of the NBSLD program other than to reduce the amount of input infor-

mation and to shorten the computation time.
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Input to the NBSLD program is achieved by completing the input data

form in Appendix C. The NBSLD input form contains 34 data fields, each

requiring a varying amount of numerical or alphanumeric information.

The tOtal amount of input data required to complete the 34 input fields

depends on the complexity of the various building constructions and/or

the complexity of the building configuration. The input fields that are

not self-explanatory are described in the following discussion.

There are five inputs in field one. RUNID is an index for the cal-

culation of conduction transfer functions with a 1 indicating a calcula-

tion of transfer functions is desired. For the RUNTYP variable, the

user must input either the value 1 or the value 2. A 1 indicates a

desire to have an hour-by-hour determination of the heating and cooling

load using hourly weather information. A value 2 indicates an interest

in the design heating and cooling load for which hourly weather infor-

mation is not required. The input for the ASHRAE variable is 0. This

signifies the use of the exact calculation procedure to convert the heat

gains and losses to loads. The other option, the weighting factor method,

is incomplete. The variable IDETAL controls the amount of NBSLD output.

If a 0 is used, the output is the heating and cooling loads. If a 1

is used, the output will include the input data, the heating and cooling

loads, and details of intermediate calculations. The input to the METHOD

variable is O signifying the radiation exchange among the room surfaces

is to be treated on a room-by-room basis (in this study the residence

was assumed to be'a single room). No other option is currently avail-

able.

Input fields three through 11 are daily schedules for lighting,

appliance and equipment operation, and building occupancy for weekdays,
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weekends, and holidays respectively. Values between 0 and 1 are input

to these nine fields. These are normalized values with the maximums

specified elsewhere in the input. Input fields 12 and 13 are 24-hour

profiles of thermostat settings during cooling and heating situations.

Input field 14 contains maximum and minimum limits for indoor temper-

ature and humidity. Input field 15 specifies the simulation starting

time and duration. Input field 16 is data pertaining to design condi-

tions used when no weather tape is available.

Input fields 19-21 describe the various building constructions.

They are used as input into the NBSLD program as many times as there

are different types of constructions in the building. The exterior walls

of a typical woodframed residence, for example, may be described using

two different constructions since the rate of heat transfer through the

wall at the framing is likely to differ from the heat transfer rate

through the wall between the framing members. The construction at the

stud framing might consist Of four layers of materials. In a typical

construction they would be (from the inside out): gypsum board, wood

stud, sheathing material and siding. Through the stud cavity construc-

tion there are four layers of materials, typically: gypsum board, insul-

ation, sheathing and siding.

Using the construction at the stud framing as an example, input

into field 19 would have the value 4, indicating the number of layers

of materials. Information input into field 20 consists of five items:

material thickness, thermal conductivity, density, specific heat and

thermal resistance. This information is input as many times for each

construction as there are different material layers in that construction
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(i.e., four times in this example). Field 21 is a provision for an

alphanumeric description of each of the corresponding material layers

input into field 20. Information is input into field 21 as many times

for each construction as there are different material layers. This

alphanumeric information does not enter into the calculations with the

program, but appears in the output for clarity purposes.

The total amount of input into fields 19-21 required to describe

the wall construction at the stud framing is nine punch cards or lines

depending on mode of input. This is an accumulation of one entry in

field 19, the number of layers of materials in the construction, and

four entries for each of the fields 20 and 21.

It is the input information of fields 20 and 21 that is required

for a determination of the conduction transfer functions (discussed in

section 7.4.4), one of the features of the NBSLD program. Specifying

input information of this detail may require more effort than is

required for obtaining the input for most other heating and cooling

load determination programs. However, unless the user is doing research

involving many unusual materials or building constructions, the conven-

tional materials of censtruction are not so numerous nor the typical

building constructions so varied that the specifying of input for fields

19-21 becomes a difficult, time consuming task. The NBSLD program has

the capability to store the conduction transfer functions once they have

been computed for a particular construction and recalled whenever that

same construction is again encountered. The storage mode is selected

through input of the RUNID variable in input field one. By having to
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calculate the conduction transfer functions only once for each construc-

tion the amount of input and computer computation time is reduced.

The information input into fields 29-31 pertains to a description

of the configuration of a building. In field 29 there are eight items

of input. They are an identification of the type of exposure (i.e.,

wall, roof, etc.), a code relating this exposure to one of the construc-

tions described in fields 19-21, the area of the exposure, and the

orientation angle of the exposure in degrees clockwise from the south.

The four remaining inputs to field 29 include the overall heat transfer

coefficient of the exposure, a shading coefficient, and a shadow param-

eter indicating whether or not external shading of the exposure occurs.

Fields 30 and 31 provide for input having to do with external

shading devices such as overhangs and window fins. All the input in

fields 30 and 31 are in the form of dimensions locating the shading

device with respect to the shaded window or wall.

Fields 29-31 are input as a unit into the NBSLD program as many

times as there are different exposures. There may be only one input

each for the roof-ceiling and for the floor constructions. Simply

shaded structures may be described with a small amount of input. The

NBSLD program has the capability to accomodate very complex configura-

tions when necessary.

Only in fields 19-21 and fields 29-31 is the amount Of input infor-

mation variable from one computer run to the next. The input into the

remainder of the 34 input fields is independent of the various construc-

tions and differing configurations of the building. Once the input form

is completed the information may be input into a computer by way of the
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punched card mode or interactively depending on the desire of the user

and the available computer input facilities.

The NBSLD program was applied to the example house described in

section 4.0. Figure 7.1 is the input data to NBSLD for the example

home. This same input is included in the NBSLD input form in Appendix C.

7.3 Output from NBSLD

Due to the nature Of the input information and the structure of the

NBSLD program there are two design load outputs produced when the design

day mode (RUNTYP = 2) is used. To illustrate how the NBSLD program

functions in the RUNTYP = 2 mode a schematic representation of the rela-

tionship between the type of input, the program structure, and the out-

put is shown in Figure 7.2. The two outputs (Figure 7.3 and Figure 7.4)

are design day loads calculated on the basis of the input of design day

conditions. Each of the outputs is produced by a separate segment of

the NBSLD program using a different heat transfer calculation methodology.

The design load output in Figure 7.3 was produced mainly by the

NBSLD subroutine, winter. This subroutine employs steady state heat

transfer methodology. The three items appearing in this output are the

sensible heating load (11,017 BTU/HR), the latent heating load (0), and

the total design heating load for the residence (11,017 BTU/HR). Sub-

routine winter is used only when the NBSLD program is run in the

RUNTYP = 2 mode.

As illustrated in Figure 7.2 there is a second design day output

from the NBSLD program. The subroutines that produce this output have
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INPUT INPUT

WINTER DESIGN DAY

DESIGN DAY -1 r---*—-———« CONDITIONS:

CONDITIONS u n WINTER OR

: : SUMMER

DESIGN HEAT HOURLY

LOAD BASED DESIGN LOAD:

ON WINTER HEATING OR

CONDITIONS COOLING

     

 

Figure 7.2 Type of output produced when the NBSLD program is run in the

Design Day mode (RUNTYP = 2).
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HEATING LOAD IN BTU PER HOUR

 

SENSIBLE LOAD = 10955.

LATENT LOAD = 0.

TOTAL LOAD = 10955.

Figure 7.3 Design day heating Toad output from the NBSLD program.
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the capability Of determining the heat flow through the constructions of

a building under unsteady state conditions in either a heating or cooling

situation. Thus, the resulting output is the design heating load for

the structure if winter design conditions are input into the program;

or the design cooling load for the building if summer design conditions

are input. A design day heating load output is shown in Figure 7.4. The

format of the output is the same whether the output is a heating or cool-

ing load.. In the cooling load output a negative sign preceeds the load

values indicating cooling. The output is displayed in hourly printouts

for a 24-hour period with each hourly printout consisting of seven items

Of information. In order Of appearance in the printout they are:

(l) the hour Of the day, (2) the outdoor drybulb temperature, (3) the

outdoor wetbulb temperature, (4) the indoor drybulb temperature, (5) the

indoor relative humidity, (6) the sensible heat load (QLS), and (7) the

latent heat load (QLL). In addition to the 24 hourly printouts there is

output information on the total load (269,098 BTU), the maximum hourly

load (ll,810 BTU), and the time that the maximum hourly load occurred

(8th hour).

To this point the discussion concerning ouptut from the NBSLD

program has considered only the case when the design day mode (RUNTYP = 2)

is utilized. Figure 7.5 illuStrates that a third heating or cooling load

output may be obtained from the NBSLD program. This output is achieved

by assigning the value 1 to the RUNTYP variable resulting in an hour-by-

hour simulation Of the thermal performance of the structure. The

resulting output is produced by the same group of subroutines in the

NBSLD program that produced the hourly design day outputs discussed
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Figure 7.5 Type of output produced when the NBSLD program is run in the
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previously. The difference between the design day output and the hour-

by-hour simulation is that the design day output is based on a single

set Of conditions likely to occur only at one time during the year. The

hour-by-hour simulation is based on a continuous hourly record Of weather

information.

NO weather tape compatible with the NBSLD program was available for

hour-by-hour simulations. Since NBSLD could not be run in the hour-by-

hour simulation mode an example output from the NBSLD program manual

(Kusuda, 1976) is shown in Figure 7.6. This output is for the simulation

Of an Office building during January. The maximum hour heating load was

for the eighth hour Of day two at 74,977 BTU when the average outdoor

temperature was 24 degrees. The maximum day heating load was the l7th

day at 1,768,679 BTU when the available outdoor temperature was l3.8

degrees.

7.4 NBSLD Methodology

In simulating the thermal performance of a building the NBSLD pro-

gram takes a comprehensive approach. FirSt, provision is made to account

for the factors, both climatic and building related, that influence the

energy exchange process. Secondly, NBSLD uses an energy exchange scheme

that represents the complex energy exchange processes that take place

simultaneously within the room and between the indoor air and the out-

side environment. Thirdly, the NBSLD program translates the energy

exchange scheme into a simulation procedure that captures the realistic

effects Of the energy exchange process and estimates the thermal per-

formance Of a building. Following is a discussion of some Of the
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DAY MHR QLMAX CLDAY HLDAY 08A

1 1 24 87288. 0. 833917. 33.4

1 2 8 74977. O. 1557859. 24.0

1 3 8 89210. ' 0. 1339045. 28.8

1 4 8 51873. 0. 787721. 41.8

1 5 24 48525. 0. 829184. 38.1

1 8 8 54181. O. 1099831. 31.3

1 7 8 49389. O. 982197. 35.5

1 8 4 43912. 0. 923993. 35.5

1 9 4 44824. 0. 851840. 38.7

1 10 24 49385. 0. 871738. 37.8

1 11 9 84347. O. 1239178. 28.5

1 12 4 54753. 0. 1079843. 32.8

1 13 24 48914. 0. 855827. 37.5

1 14 24 71780. 0. 1394308. 24.4

1 15 17 72942. O. 1742987. 17.4

1 18 7 72919. 0. 1588378. 22.8

1 17 15 74588. O. 1788879. 13.8

1 18 11 73847. O. 1880885. 18.2

1 19 4 74158. 0. 1430075. 25.0

1 2c 5 83771. 0. 1141373. 32.5

1 21 8 48194. 0. 785278. 40.3

1 22 5 31852. 0. 438888. 48.8

1 3 24 48898. 0. 335841. 49.1

1 24 8 88003. O. 1301784. 25.4

1 25 8 58741. 0. 1157575. 30.0

1 28 8 48588. 0. 828822. 38.5

1 27 1 37008. 0. 707440. 40.8

1 28 8 40155. 0. 797525. 37.2

1 29 8 43283. 0. 789407. 38.5

1 30 8 42105. O. 789377. 38.0

1 31 8 43971. 0. 875430. 35.2

MCNTHLY COOLING LOAD: .COOOOOOO sru

MCNTHLY rEATING LCAD: 432761124+08 eru

MAX CCCLIBG L040 : o. MCNTH = 0 DAY = 0 HOUR = 0

MAX HEATING LOAD = 74977. MCNTH = 1 DAY = 2 noun = 8

TCTAL CCCLIKG CCNSUMFTICN FOR I ROOMS = 400000 BTU

TCTAL FEATIBG CCBSUNFTICN FOR I ROOMS = .3276I+08 BTU

Figure 7.6 Example of hour-by-hour simulation output from the NBSLD

program (Kusuda, l976a).
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specific features of the NBSLD program methodology that makes it compre-

hensive in nature.

7.4.1 Factors describing heat loss and heat gain

Numerous factors have influence on the processes of energy transfer

into or out of a building. To totally describe these exchange processes

the factors in the categories of climate, building Operations, and build-

ing constructions must all be considered. In the NBSLD program climatic

conditions and building operating characteristics are accounted for on

an hourly basis. By accounting for the various factors on an hourly basis

the realistic effects of the factors on building energy performance are

considered (Black, 1977). Using time periods longer than an hour may

cause the critical peak maximum or minimum values of some factors to be

missed and result in the actual situation not being accurately repre-

sented. Climatic factors considered on an hourly basis in the NBSLD pro-

gram are air temperature, solar radiation, and wind velocity. Ground

temperature is a climatic factor, but it does not fluctuate enough to

warrant an hourly accounting. Instead ground temperature values for

summer and winter are separate inputs to the NBSLD program. Building

operating factors that are considered include hourly load contributions

from lighting, appliances or equipment, and occupants. Also considered

is the daily schedules for ventilation and room thermostat adjustment.

In addition to the hourly factors, the characteristics of the

building constructions are taken into account. The building construc-

tions are considered with respect to the properties of the individual

materials of which they are composed. Individual material properties
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that are taken into account include density, thermal conductivity, and

specific heat. Entire building constructions are evaluated for their

thermal behavior under changing environmental conditions. The thermal

behavior of a building construction depends on the individual material

properties and on the position of individual materials with respect to

one another in the building construction. Two building constructions

with equal U values may not exhibit equal thermal performance when

exposed to fluctuating temperature situations (Kusuda, l976b). Infil-

tration air is another factor that has to be taken into account since

it contributes to the heating and cooling load of the residence. Infil-

tration is not so much a property of individual building materials, but

more a function of workmanship and the prOper assembly of construction

components into the building envelope. In the NBSLD program infiltration

is handled through a single input value representing the room air changes

per hour. I

The factors in the categories of climate, building operation, and

building constructions represent a large amount of information on which

the NBSLD program bases its comprehensive approach for simulating the

thermal performance of a building. The comprehensive approach enables

the energy transfer processes to be more realistically described than

when only one or two parameters are used.

7.4.2 Energy exchange scheme

When two dissimilar environments are separated by the building con-

structions of a dwelling, a network of dynamic energy flow is formed.

The comprehensive approach taken by the NBSLD program enables this heat
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flow network to be thoroughly represented. At any instant in time the

energy exchange process (either heating or cooling) simultaneously

involves each of the basic methods of heat transfer; conduction, con-

vection, and radiation.

In a typical residential situation several energy sources may be

imparting energy simultaneously to the furnishings, to the building con-

structions and to the air. The masses and the air, in turn, exchange

energy between one another. Figure 7.7 illustrates the energy exchange

processes between the indoor air and outdoor environment. This illus-

tration is simplified since it depicts the energy flow through only one

building construction and considers all the internal energy sources as

one. In reality the energy exchange processes involving an entire room

would be depicted by repeating the diagram in Figure 7.7 for each build-

ing construction having a different orientation. Also, it would include

a separate consideration for each internal source of energy generation.

To simulate the energy exchange process each conduction, convection, and

radiation transfer of energy is represented in a mathematical equation

in the NBSLD program. Once described in mathematical terms the solution

of these equations leads to the energy load for a particular structure.

7.4.3 Heat balance equations

In the NBSLD program heat balance equations are used to account for

the energy flow at the interior room surfaces by taking into account the

energy sources and exchanges within the room (Figure 7.7). The sources

and exchange processes include: (l) solar energy absorbed directly by
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interior room surfaces, (2) radiative exchange of energy between inter-

nal heat generating sources (lights, equipment or appliances, and occu-

pants) and room surfaces, (3) convective exchange or energy between the

internal heat generating sources and room air, (4) radiative exchange

between the various room surfaces, and (5) convective exchange between

room surfaces and room air. In addition to these radiative and convec-

tive exchanges the contributions of ventilation air and infiltration air

are taken into account. I

Energy flow at the room surface is influenced by the heat transfer

process taking place simultaneously on both sides of the surface. On

the room side the exchange processes discussed above influence the energy

flow. 0n the opposite side (within the building constructions) conduc-

tion through the materials of construction influences the energy flow at

the room surfaces. One heat balance equation is necessary to account for

the energy flow at the room surface of every building construction

enclosing the room and having dissimilar parallel paths of heat flow. At

the very least six heat balance equations are required to represent the

surface heat flow in a room consisting of four walls, a floor, and

ceiling. Additional heat balance equations are required if there are

dissimilar parallel paths of heat flow through any wall and if the user

chooses to account for this construction variation. For example, in a

stud framed wall the NBSLD program has the capability to account for the

heat flow at the surface of the framed area of the wall and the parallel

heat flow at the surface of the stud cavity area of the wall.
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7.4.4 Conduction transfer functions
 

In the NBSLD program the conduction energy flow through a building

construction is mathematically described using conduction transfer func-

tions. Transfer functions are a set of coefficients that relate an out-

put function to the value of a driving function, such as temperature. In

NBSLD conduction transfer functions are calculated through the solution

of the standard transient heat conduction differential equation.

The number of transfer function coefficients determined for a

specific building construction is related to its massiveness. Heavy

concrete or brick constructions may require the calculation of 40 to 50

coefficient terms. Lighter weight wood frame constructions, with less

potential for thermal storage or damping, may require fewer than 10

terms to represent its energy transfer characteristics. As each transfer

function is calculated, it is subjected to a test procedure within the

transfer function subroutines of NBSLD. This test is to determine its

significance in terms of its contribution to the description of the heat

transfer characteristics of the construction. Calculation of the trans-

fer function coefficients continues as long as they are significant,

based on the test criteria specified in the NBSLD subroutines.

Once they have been calculated, the transfer function coefficients

are used by other subroutines of the NBSLD program to determine the

energy flow through the various building constructions. The rate of

energy flow into or out of a construction surface results from a summa-

tion of the products of the transfer function coefficients and the

driving function (construction surface temperatures). Building
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construction surface temperatures are derived from hourly records of

indoor and outside environmental conditions. Outside environmental con-

ditions come from the hourly history of climatic factors. Inside envir-

onmental conditions are either calculated from the energy exchange pro-

cesses taking place within the room or they are prescribed, depending

on the mode the NBSLD program is functioning in. In either case a his-

tory of surface temperatures is generated which is used as the driving

functions for the calculation of the conduction transfer functions. The

multiplication and summation procedure is carried out over as many pre-

ceeding hourly time intervals as there are significant transfer function

coefficient terms for the particular construction.

Use of the conduction transfer functions enables the NBSLD program

to simulate the thermal performance of a building construction under

changing thermal conditions. Under steady state conditions two building

constructions with equal U values, but with unequal masses will transfer

heat at the same rate. When the same two building constructions are

subjected to a randomly fluctuating environment, they may not transfer

energy at the same rate. The more massive building construction will

tend to dampen the effects of the extreme maximum and minimum environ-

mental conditions on the heat transfer rate. Lighter weight construc-

tions will exhibit a heat transfer rate more closely dictated by the

fluctuating environmental conditions. The benefit of damping the effects

of extreme environmental conditions is that lower heating and cooling

loads may result and smaller capacity heating and cooling equipment can

be utilized.
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7.4.5 NBSLD simulation formats
 

Four different variations of energy load and room temperature deter-

minations are possible through the NBSLD program. These variations are

controlled by the two variables, ITHST and ITK, in input field 26.

ITHST and ITK can be assigned values of either l or 0. Four numerical

combinations result which direct NBSLD to follow one of four formats in

the simulation. The four simulation formats demonstrate the effect that

room temperature and/or heating and cooling system characteristics have

on the predicted heating/cooling load and room temperature. Each of the

four simulation formats are discussed below.

In the first format the desired hourly house temperature profile is

prescribed. The prescribed temperature profile can reflect night time

thermostat setback or some other temperature configuration. From the

desired temperature format the resulting heating and/or cooling load is

determined without limits on the heating and cooling load system capac-

ities. If the period of simulation falls entirely within the heating

season the effects of various hourly house temperature profiles on the

heating load can be demonstrated. If the simulation period is during the

summer months, necessitating cooling, the effect of the desired tempera-

ture profiles on the cooling load can be demonstrated. During a transi-

tion season both heating and cooling loads may result from some house

temperature profiles. Experimentation can establish the room temperature

profile that results in the lowest heating and cooling load and still

maintains acceptable comfort levels.

The second format lets the user explore how a building reacts ther-

mally when it is neither heated nor cooled mechanically. In the second
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format the heating/cooling load remains at zero. The room air tempera-

ture is allowed to assume whatever value it may as a result of all energy

gains and losses except the gain or loss caused by the heating or cool-

ing system. Solar heat gains and the effect of internal mass are two

of the factors which can be examined for the effects they have on the

computed floating room temperature.

The third and fourth formats are combinations of the first and

second formats with some additional features. In the third format upper

and lower hourly room temperature profiles are prescribed that represent

acceptable occupant comfort levels in both heating and cooling situa-

tions. These profiles establish a band through which the room tempera-

ture can drift without any heating or cooling load being computed. The

room temperature is maintained within the prescribed comfort band by

the heating and cooling systems without any capacity limits placed on

them. The capacities of the heating and cooling equipment are determined

which will satisfy the specified temperature boundaries.

The fourth format is the same as the third with one significant

exception. In the fourth NBSLD program format maximum capacities are

specified for the heating and cooling systems. Maximum and minimum

hourly room temperature limits are also specified. The heating and cool-

ing systems attempt to maintain the room temperature within the pre-

scribed limits. If the equipment capacities are sufficient, the desired

conditions will be maintained. If the equipment is unable to maintain

the temperature within the desired limits the room temperature will drift

outside of the specified limits. This simulation capability permits the

evaluation of heating and cooling system capacities relative to the
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equipment's ability to maintain acceptable room temperature levels. If

a heating or cooling system is not able to completely satisfy the speci-

fied temperature levels, other factors influencing building energy per-

formance can be modified to make up for the deficiency rather than using

a large capacity mechanical heating or cooling system.

The four NBSLD simulation formats provide flexibility that can be

used to evaluate various aspects of the energy performance of a building.

Many variations in climate, building, and heating/cooling system inter-

actions can be investigated.

7.5 Summary of the NBSLD Program

The NBSLD program is for the thorough investigation of the heating

and cooling load of a building. The thoroughness of the NBSLD simulation

can be attributed to three program characteristics. They are: (l) the

capability to account for the many factors that influence building energy

performance, (2) the techniques used to duplicate the actual heat trans-

fer processes, and (3) the options available for evaluating various ways

of satisfying the heating and cooling requirements of the building.

To account for the many factors that influence building energy

performance requires an extensive program input. The input for the NBSLD

program is extensive and of a type that requires a knowledge of heat

transfer. It is the extensiveness and type of input that enables the

NBSLD simulation to be thorough.

The NBSLD program uses conduction transfer functions to simulate

heat flow through building constructions and uses heat balance equations

to simulate the energy exchange processes within the building. These
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mathematical techniques enable the NBSLD program to account for the

dynamic nature of the energy exchanges occurring simultaneously within

the building and through the building envelope.

There are several outputs produced by the NBSLD program depending on

the simulation Options selected. Both steady state and dynamic design

day heating load simulations can be obtained. A dynamic design day cool-

ing load can also be obtained. The option that uses the most powerful

aspects of the NBSLD program is the hour-by-hour simulation of a building

using hourly climatic data. In the hour-by-hour mode seven methods of

satisfying the building's heating and cooling requirement can be eval-

uated.

With all of the required input, the complex simulation subroutines,

and the options available the NBSLD program remains easy to use. No

knowledge of computer programming is necessary in order to use this

powerful simulation tool.



8. CAPABILITIES AND LIMITATIONS OF IBUC, TRNSYS, AND NBSLD

IBUC, TRNSYS, and NBSLD each have advantageous and disadvantageous

characteristics as energy/housing computer programs. This section is a

discussion of these characteristics in comparison to the most desirable

characteristics of an energy/housing program.

8.l IBUC, TRNSYS, and NBSLD vs. Ideal Energy/Housing Program

An ideal energy/housing computer program should have the following

general characteristics. To provide a complete evaluation of options to

improve building energy performance the ideal program should include a

thorough treatment of each of three phases of the energy calculation

sequence (building space load, building energy load, and building

energy economics). Without sacrificing thoroughness the amount and com-

plexity of input should be minimized. The output should be displayed in

an easily readable format and contain only information compatible with

the user's interests and ability to understand. Finally, the program

should be inexpensive to run.

Neither the IBUC, TRNSYS, or NBSLD program attain the ideal state.

This is illustrated in Table 8.1. Listed in Table 8.l are a number of

characteristics of energy/housing computer programs. The check marks

in the columns headed IBUC, TRNSYS, and NBSLD indicate the presence of

the particular characteristic in the programs.

lOl
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Table 8.l Characteristics of the IBUC, TRNSYS, and NBSLD

computer programs.

 

 

Program Characteristics IBUC TRNSYS NBSLD

Steady state heat transfer x x x

Dynamic heat transfer x x

Hourly meteorological data x x

Internal heat gain x x

Programmed internal heat gain ’ x

Programmed internal temperature

control x

Heating/cooling equipment simulation x

Latent heat load x

Sensible heat load x x x

Evaluate inside-out constructions . x

Attic ventilation x

Room ventilation x x

Shading x x

Room surface energy exchange x

Infiltration . x x x

Energy economics x
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Table 8.l shows that the IBUC program does consider at least one

characteristic from each of the three phases of the energy calculation

sequence. However, IBUC does not treat the space load or energy con-

sumption phase as thoroughly as either TRNSYS or NBSLD. Steady state

algebraic equations and degree day energy consumption are the basis

of the energy calculations performed in the IBUC program. The treatment

of building energy economics by IBUC is limited. There is no provision

in IBUC to allow input of economic parameters.

It is evident from Table 8.l that TRNSYS includes more of the energy/

housing program characteristics than IBUC. The TRNSYS program has the

capability to address the space load and the energy consumption phases

of the energy calculation sequence. These two phases of the energy cal-

culation sequence are more thoroughly treated by the TRNSYS program than

by the IBUC program. The thorough treatment by TRNSYS is possible since

TRNSYS uses unsteady state simulation techniques and accounts for more

of the factors that affect building energy performance than does IBUC.

The TRNSYS program has no capability in the building energy economics

phase of the energy calculation sequence.

The NBSLD program addresses only the building space load phase of

the energy calculation sequence. Although space load is the only phase

of the energy calculation sequence addressed by NBSLD, it is addressed

in great detail. The thoroughness of NBSLD is indicated by the number

of characteristics checked in Table 8.l.

There are two features of NBSLD which are responsible for its

thoroughness. First is its capability to consider numerous options and

variations among options pertinent to building energy performance. Second

is its capability to use sophisticated simulation techniques to describe
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heat flow through the building envelope and to describe heat exchanges

within the building itself. The NBSLD program does not simulate heating/

cooling equipment or address building energy economics.

8.2 Major Deficiencies of IBUC, TRNSYS, and NBSLD

There are two important areas in which each of the three computer

programs are deficient. First is the absence of a way to adequately

account for quality of workmanship as a factor contributing to building

energy performance. Second is the absence of a thorough treatment of

building energy economics, the third phase of the energy calculation

sequence.

8.2.l Quality of workmanship
 

Quality of workmanship is a contributing factor to building energy

performance. Building materials and equipment having good energy per-

formance characteristics can not perform well if they are assembled or

installed improperly. Improperly assembled or installed materials and

equipment result in an overall low building energy performance. Low

building energy performance, a result of poor workmanship, can be attrib-

uted to energy losses through conduction, convection, and radiation heat

transfer, infiltration, and inefficient equipment operation.

The only way quality of workmanship is accounted for in the IBUC,

TRNSYS, and NBSLD programs is through the relationship between workmanship

and infiltration. Two methods are used to incorporate infiltration into
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the computer programs. One method is a judgement of the condition of

the building. Given this judgement a corresponding infiltration value

is selected by the computer and used in the energy performance calcu-

lations. Another method is to estimate the building infiltration rate

directly and input this value into the program. IBUC uses the judge-

ment of condition method and TRNSYS and NBSLD require an estimate of the

infiltration rate.

8.2.2 Building energy economics

Building energy economics is not addressed by TRNSYS or NBSLD and

is only addressed in a limited way by the IBUC program. Economic infor-

mation is important for selecting options to improve building energy

performance.

Various options which affect building energy performance can be

evaluated through the life cycle cost method (Johnson, l977b; Beckman

§t_al,, l977). The life cycle cost method takes into account the time

value of money. The time value of money concept is that a dollar pre-

sently in hand is worth more than the likelihood of receiving a dollar

some time in the future (Nelson gt_al., 1973).

To perform a life cycle cost analysis on various options to improve

building energy performance, consideration of economic parameters in the

areas of (l) option cost, (2) finance and tax data, and (3) energy cost

and price increase information is required. Some of the specific eco-

nomic parameters required are listed in Table 8.2. Specific parameter

values used in an analysis should be carefully selected since they

reflect future economic conditions.
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Table 8.2 Economic parameters required for a life cycle cost analysis

of building energy performance options.

 

- Term of economic analysis

- Loan term

- Loan interest rate

- Down payment

- Property tax rate

- Personal income tax rate

- General inflation rate

- Fuel inflation rate

- Discount rate

- Cost of energy conserving option

- Energy costs

- Maintenance cost

- Insurance cost
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Using economic parameters pertaining to a specific building energy

performance option, the life cycle cost of that option can be determined.

Similarly, the life cycle cost of other options for improving building

energy performance can be determined. The option which shows the lowest

life cycle cost is the economic optimum.



9. EXPANSION OF COMPUTER CAPABILITY IN THE RBC

Technology in the manufacture of computers and telecommunications

has progressed to the point where it is possible for essentially anyone

having a telephone to gain access to powerful computing facilities. In

addition, the availability of small computers (< 20 k RAM) is rapidly

increasing. However, even with the present level of computer-associated

technology there is not adequate computer capability in the RBC.

Computer capability is a term which describes an individual's or an

organization's potential to access and utilize a computer and a library

of energy/housing programs. There are two aspects to computer capability.

One is the library of computer programs which address a variety of sub-

jects related to building energy performance. This aspect was addressed

in the first part of this study with discussion of the specific features

of three computer programs (IBUC, TRNSYS, and NBSLD) representing the

range of existing energy/housing program capabilities. The second aspect

of computer capability is the access to computing facilities which will

allow the library of programs to be utilized. At present some parts of

the RBC do not have access to computing facilities. Therefore, some

parts of the RBC do not have the opportunity to take advantage of the

kind of information that can be gained from existing energy/housing com-

puter programs. The discussion in the second part of this study centers

around the development of a plan which will bring about expanded computer

108
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capability in the RBC. With expanded computer capability a source of

energy/housing information not presently available to all parts of the

RBC will be available.

9.l The Residential Building Community

Any community that has the capability to regulate, supply, and con-

sume housing is considered a Residential Building Community (RBC). In

this context the RBC consists of individuals and organizations which

have diverse specific interests, but which have in common the capability

to influence the energy performance of buildings. Among the regulators,

suppliers, and consumers of housing in the RBC there is presently a wide

range of computer capability. Presently available to the RBC are the

resources necessary to bring about an expansion of computer capability

and thus supply the type of energy/housing information needed to improve

the energy performance of buildings.

9.l.l Consumers in the RBC
 

The consumer group in the RBC consists of those persons who utilize

residences. From this consumer point of view utilization of a residence

includes owning a residence or being in the market for a residence. In

either situation the consumer has an opportunity to take action that

will lead to an improvement in the energy performance of his residence.

The specific action taken to influence the energy performance of a

residence depends on whether the consumer is in the market for a resi-

dence or presently owns a residence. Consumers who are in the market for
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a residence may obtain one through the custom built housing market,

through the existing housing market, or through the rental housing mar-

ket. Consumers in these situations may influence the energy performance

of a residence by making energy performance a condition on which a con-

struction, purchasing, or renting agreement is reached. Consumers own-

ing residences may upgrade its energy performance through a variety of

retrofitting'actions.

9.l.2 Suppliers in the RBC
 

Suppliers are the part of the RBC that provide the consumer segment

with housing stock. Included in the supplier group are the home builders/

contractors, architects, realtors, materials suppliers, and utility con-

tractors. The individual enterprises within the supplier group perform

dissimilar business functions. However, when the RBC is considered from

an overall point of view, it is the collective goods and services pro-

vided by this group that results in the stock of residential housing

available to the consumer.

Suppliers exert their influence over the energy performance of

housing through the materials, methods, and systems contributing to the

physical assembly of a residence. The amount of influence the supplier

enterprises have varies. Architects and home builders have the most

direct control over thermal performance through the materials, methods,

and systems they specify or utilize. Materials suppliers and utility

contractors are likely to have less control since they may only be deal-

ing with individual materials and systems rather than the entire building
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assembly. Realtors can influence the energy performance of a residence

by emphasizing its energy conserving features. Emphasizing energy con-

serving features enhances the marketability of the residence and causes

energy performance to become a point of negotiation.

9.l.3 Regulators in the RBC

The remaining group making up the RBC, along with consumers and

suppliers, is the regulators of housing. In the context of this study

regulators are individuals or organizations that influence the energy

performance of housing through the imposition of energy related regu-

lations and restrictions. Included in this group are power suppliers,

lending institutions, and code enforcing agencies on either the local or

state level.

The regulations and restrictions imposed are intended to upgrade

the thermal performance of the residence to a level deemed appropriate

by the particular regulator. Usually the restrictions imposed apply to

the thermal envelope of the building. Such restrictions may include pro-

visions pertaining to the heating, ventilating, cooling, water heating,

and electrical systems and equipment. A thermal performance level,

implying a maximum expenditure of energy, is usually specified in each

case.

9.2 Existing Computer Capability in the RBC

Among the consumers, suppliers, and regulators of housing that make

up the RBC, there are individuals and there are organizations ranging in
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size from small one-man, one-crew operations to large corporations.

Individuals, either home owners or persons in the market for a resi-

dence, comprise the consumers of housing. Both small and large organi-

zations comprise the suppliers and regulators of housing. For the indi-

viduals and the small organizations in the RBC, whether consumer, sup-

plier, or regulator, there is little existing computer capability. By

contrast, the larger organizations have adequate computer capability.

9.2.1 Computer capability - large organizations

The typical computer capability of a large organization in the RBC

consists of in-house computer facilities with an accompanying library of

programs. A computer program library of a large organization might

include programs addressing various business functions (i.e., accounting,

billing), trade related programs, and energy/housing programs. If an

organization is nonpublic, their programs are prOprietary. Being pro-

prietory the programs are generally available for in-house use or are

available to outside users (small organizations or individuals) with a

product or service affiliation with the larger organization. A product

or service affiliation might exist between a large building insulation

manufacturer or space conditioning equipment manufacturer and the dealers

who handle their products. As a result of this affiliation the large

organization makes computer programs addressing insulation or equipment

selection available to the smaller organizations selling their product.

The small organizations use the energy/housing program (accessed accord-

ing to arrangements made with the large sponsoring organization) to

generate information relative to the customer's situation. Information
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generated is used as an aid in making sales recommendations to customers

who might be other small organizations (home builders) or individuals

(home owners) in the RBC.

In addition to their in-house computer capability, the large organ-

ization is likely to have the terminal equipment which enables time share

computer networks to be accessed. Access to time share networks expands

the large organization's computer capability in the way of expanded pro-

gram resources that can be used as needed. ~The large organizations in

the RBC, with their well developed in-house capability combined with

remote access capability, are not in need of further computer capability

development.

9.2.2 Computer capability - small organizations and individuals
 

The small organizations and the individuals in the RBC have limited

computer capability. Some energy/housing computer capability is ex-

tended to small organizations and individuals through the product or

service affiliation relationship discussed in the previous section.

Another source of computer capability, available to home builders

in particular, is the service offered by the National Association of Home

Builders (NAHB, undated). At the present time the NAHB service includes

only payroll and accounting program modules. While limited to payroll

and accounting services at the present, the potential to provide home

builders, and possibly other allied organizations in the RBC, with

energy/housing programs exists with the NAHB.

The COOperative Extension Service of Michigan State University cur-

rently provides County Extension personnel with computer capability.
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Through its TELPLAN System (Harsh & Black, l97l) the Cooperative Exten-

sion Service personnel have access to computer terminal equipment and a

library of programs to select from.

The plan proposed in this study (Section 8.4) and the TELPLAN System

are similar. The difference between the two computer capability systems

is the audiences which are served. The TELPLAN System is directed

towards service to the agricultural community, whereas, the proposed

plan for expanding computer capability is directed towards service to the

RBC. The TELPLAN System currently offers the IBUC home energy saving

computer program discussed previously in this study. If the TELPLAN

System were expanded, placing access facilities in more locations and

including more programs which address building energy performance, the

Cooperative Extension Service could provide adequate computer capability

to the RBC. As it now exists the TELPLAN System does not reach a major

portion of the RBC that is in need of energy/housing computer capability

and the current library of programs does not include the variety of

energy related programs needed.

The energy/housing computer capability available to individuals and

to small organizations in the RBC is inadequate despite the three sources

of computer capability discussed. The computer capability available

through product or service affiliations reaches too few of the potential

users in the RBC. Also, it is likely that the program used will generate

information which stresses only the features of the sponsoring company's

product. Payroll and accounting are currently the only programs offered

by the NAHB. In addition users of the NAHB service must have their own

access facilities or use the postal service as the means of program input

and output. The cost of access facilities limits the NAHB service to
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larger home builders. The TELPLAN System presently has too few access

sites and offers too few programs addressing building energy performance

to adequately provide the Michigan RBC with energy/housing computer cap-

ability.

To summarize the existing state of energy/housing computer capability

in the RBC, the following points can be made.

l. T0 justify enerQY/housing computer capability, the benefit

derived must offset the expense of acquiring either a com-

puter access facility or an in-house computer with a library

of programs.

2. Organizations, ranging in size from several individuals

to corporations, make up the suppliers and regulators of

housing. Individuals make up the consumers of housing.

3. Individuals and small organizations do not have adequate

energy/housing computer capability.

4. Large organizations have adequate computer capability.

9.3 Energy/Housing Information Needs of the RBC

The Energy Calculation Sequence (Section 3.5.2.l) framework encom-

passes all computer programs dealing with building energy performance.

Programs dealing with building energy performance may use simple or com-

plex simulation techniques to address a single aspect of building energy

performance or to address many aspects of building energy performance.

Program output may express energy performance in terms of economic or

energy evaluations of materials, equipment, systems, structures, etc.,



ll6

depending on the specific purpose for which the program was developed.

As computer capability services are established and their benefits

become known the entire array of energy/housing programs will have appli-

cation among the consumers, suppliers, and regulators of housing in the

RBC. In the initial stages of computer capability establishment in the

RBC there are two aspects of building energy performance for which com-

puter programs will likely be utilized first.

One of the first areas of application of energy/housing computer

capability will be that of building energy "auditing." The IBUC Program

(Section 5.0) and similar programs (Section 3.5.2.4) should have wide

initial appeal among consumers and some of the enterprises in the sup-

plier part of the RBC. Basic "auditing" programs will provide individ-

uals and small organizations, who now have limited computer capability,

with a broad base of information useful for energy/housing decision

making. Individual materials, methods, and systems that go into the con-

struction or retrofitting of a residence can be evaluated.

The advantages of the "auditing" type of programs are that they are

currently available, require simple, easily obtained input information,

do not require large computing facilities, and are relatively inexpensive

to run. These program attributes, plus the situation that individuals

and small organizations in the RBC now have limited computer capability,

will enhance the popularity of programs of the "auditing" type. From

this "auditing" program, users can progress to programs which address

other aSpects of building energy performance and/or which use more

thorough simulation techniques.

The second aspect of building energy performance for which computer

programs will likely be utilized first is that of determining energy code
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compliance. Currently all new residential buildings constructed in the

State of Michigan must satisfy the requirements of the Michigan Energy

Code (l976). This code is based on ASHRAE Standard 90-75 (ASHRAE, l975).

The m0st prominent restrictions included in the Michigan Energy Code are

maximum thermal transmittance values for various parts of the building

envelope. The allowable levels for the transmittance values are based

on local degree-day values. Compliance is determined in the pre-

construction stage prior to issuance of a building permit.

Administration and enforcement of the Michigan Energy Code requires

a basic understanding of the factors affecting the energy performance of

a building. Computer programs are currently available (Section 3.5.2.2)

to make the task of determining compliance with the envelope restrictions

faster, easier, and more accurate than manual methods.

. If building energy performance standards similar to the ones being

developed (Section 3.3) are adopted, determining code compliance will be

more complicated than determining compliance with existing codes. The

tendency is for the newer standards to be more comprehensive, accounting

for more of the factors which affect building energy performance than

existing codes do. The detail involved in accounting for the numerous

factors affecting building energy performance along with the mathematical

calculation techniques used to determine building energy performance

would make manual determination of compliance an unachievable task for

building code officials. As standards are adopted that account for more

and more of the factors which affect building energy performance, com-

puter assistance becomes the only realistic means of determining code

compliance. The TRNSYS Program (Section 6.0) has been selected as one
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of the computer programs suitable for determining compliance with the

BEPS energy standard, one of the newer energy standards being developed.

9.4 Plan for Expanding Computer Capability in the RBC

Having assessed the composition, existing computer capability, and

energy/housing information needs of the RBC, 8 plan is proposed for

expanding computer capability in the RBC. The proposed plan incorpor-

ates two basic concepts. The first concept is (l) an expanded public

service role on the part of the local governmental unit in the RBC.

The second concept is (2) the formation of a group of cooperating agencies

responsible for the development, implementation, and continued operation

of the computer capability network.

9.4.l Expanded public service role of the localpgovernmental unit

The concept of expanded public service consists of the local govern-

mental unit serving as a computer capability resource center for the RBC.

In this capacity the municipality would provide computer access facilities

and guidance for potential users in the selection and utilization of the

appropriate energy/housing computer programs. By the local governmental

unit providing those services a source of energy/housing information will

be available and in close proximity to individuals and small organiza-

tions in the RBC.

By having the local municipality the site offering computer cap-

ability many RBCs are created over a statewide area. When fully imple-

mented a network of computer capability resource centers involving
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approximately l4OO sites (Duley, l979) would be established through the

state of Michigan.

The local governmental unit exists for the purpose of providing

service to the public within its jurisdiction. Typical services cur-

rently provided by the municipality include planning, zoning, taxation,

assessing, utilities, regulation, etc. These services are directly

related to housing. Since the purpose of the municipality is to provide

service and since the services typically provided are directly related

to housing, offering the energy/housing computer capability services

represents only an expansion in scope of the services typically provided.

By carrying out the responsibilities associated with the services

normally provided, a common awareness has developed between the munici-

pality and the public it serves. The established awareness will enhance

the acceptance of the computer capability service by the RBC. Accep-

tance will be enhanced because the service will be offered by an organ-

ization known to the community.

One of the services currently provided by the municipality is the

enforcement of building energy codes. Computer assisted building energy

code compliance is now possible (Section 8.3) and will likely be one of

the first services made available through the energy/housing computer

capability network. Access to an energy code compliance program would

benefit not only the individuals and small organizations in the RBC,

but would also directly benefit the code enforcement department of the

local governmental unit.

To serve as a computer capability resource center, the municipality

must have equipment that allows access to computing facilities and a

library of energy/housing programs. Larger municipalities, who have
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computerized record keeping and accounting, may currently have computer

access capability. The smaller municipalities will need to acquire

appropriate access facilities. Smaller governmental units can help

justify the costs of computer access facilities by utilizing them for

other typical municipal services as well as for energy/housing program

usage.

In addition to making equipment available to access computing

facilities, the computer capability resource center must also provide

assistance to program users from the RBC. User assistance is an impor-

tant and essential function of the computer capability resource center.

Assistance will be required with energy/housing program selection and

with entering and retrieving information.

Individuals presently employed in the code enforcement departments

of municipalities could provide the assistance required. These people

have acquired experience in the interpretation and enforcement of various

codes, most importantly the Michigan Energy Code. However, many of

these individuals will not have had experience with the use of energy/

housing computer programs or with computer facilities. Therefore, it

will be necessary to provide instruction to the personnel who will be

providing assistance to users of the computer capability resource center.

Personnel in the code department of municipalities will be able to see

direct benefit from learning to use the computer capability network,

since one of the first programs likely to be available on it will address

building energy code compliance. Educational assistance was provided to

code enforcement personnel when the Michigan Energy Code was being intro-

duced in the state.
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9.4.2 Group of cooperating_agencies

The second basic concept of the proposed plan for expanding energy/

housing computer capability in the RBC is the formation of a group of

cooperating energy/housing agencies. This group will have responsibility

for the development, implementation, and continued operation of the com-

puter capability network. Total responsibility for the computer cap-

ability nétwork could be placed with the energy and code agencies of the

state. Within these organizations there is extensive experience with

building and energy code administration and enforcement on a state-wide

basis. However, the reception, effectiveness, and continued success of

the computer capability network will be enhanced by combining the exper-

tise of other energy/housing organizations in the RBC with the expertise

of the state agencies. In this way the total energy/housing resources

of the RBC will be incorporated into the policies affecting the energy/

housing computer capability network.

The proposed group of cooperating energy/housing agencies will con-

sist of representation from the state energy and code agencies, academic

institutions, Michigan Home Builders Association, Michigan AssociatiOn of

Building Inspectors, and Michigan State University Cooperative Extension

Service. As a group, the representatives from these agencies will estab-

lish and carry out the policies necessary to achieve the development,

implementation, and continued operation of the computer capability net-

work. Specifically, the group of cooperating agencies will need to

address the topics of network funding, network computer facilities,

energy/housing computer program library, and user assistance programs.
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Each agency will bring to the energy/housing group of cooperating

agencies a resource of unique expertise. The state energy and code

agencies will contribute a background of experience in energy and build-

ing code administration and enforcement. Being state agencies, adminis-

tration and enforcement has been carried out on a state-wide basis set—

ting up channels of communication with municipalities through the state.

With the enactment of a state residential energy code, state energy

and code agencies have gained experience with designing and providing

programs familiarizing local government code personnel with energy code

provisions and code compliance procedures. Similar familiarization

programs will need to accompany the establishment of the energy/housing

computer capability network. The personnel selected to serve as com-

puter user assistants may require training in the use of computer access

facilities, basic heat transfer, and input-output requirements of the

various energy/housing computer programs. The better prepared the assis-

tance personnel are the more willing they will be to accept the assis-

tance responsibilities and the more successful they will be in aiding

program users from the RBC.

Academic institutions will contribute expertise towards the task

of energy/housing computer program development and evaluation. One of

the greatest needs is that of making the entering and retrieval of

energy/housing program information easily understood and achievable by

users with limited heat transfer, building, and computer usage back-

grounds. The challenge is to minimize the amount of input information

and still describe the problem in enough detail that the output infor-

mation carries the creditability expected by the program user.
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The Home Builders Association and the Association of Building

Inspectors will bring to the group of cooperating agencies a background

of practical energy/housing experience. This practical energy/housing

experience has been gained as the result of the day-to-day working

relationship with the various individuals and enterprises in the RBC.

When the experience that has been gained is reflected in the policies

developed by the group of cooperating agencies the reception and con-

tinued success of the enerQY/housing network will be enhanced.

Extensive experience in the use of a computer network (TELPLAN) for

addressing problems in the agricultural community has been achieved by

the Michigan State University Cooperative Extension Service. The

TELPLAN system was discussed in Section 8.2. Because of the similarities

of the energy/housing network and the TELPLAN system the Cooperative

Extension Service will contribute valuable expertise to the group of

cooperating agencies.

9.4.3 Funding the energy/housing computer capability network

The need for funding for the energy/housing computer capability

network will occur in two phases. Initially funding will be needed for

the establishment of the computer capability network. Following estab-

lishment of the network, funding will be needed for its continued opera-

tion and maintenance.

Establishment of the energy/housing computer capability network

will include the costs of computing facilities, access site input-output

equipment, energy/housing computer program library, and familiarization
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programs for the personnel who will assist program users at the local

access site. Operation and maintenance of the energy/housing network

will include costs for computer use, wages for assisting personnel at

the access site, and costs associated with expanding and updating of the

energy/housing computer program library.

The magnitude of each of the costs associated with the establish-

ment and the operation and maintenance of the energy/housing network

will vary. Some of the factors which will affect the costs are:

(l) the size and number of computer programs included in the library of

energy/housing programs, (2) the costs of computer program acquisition,

and (3) the existing computer capability of the local governmental unit

(local access site).

Funding for the energy/housing network will be derived from federal,

state, and local governments. During the establishment phase of the

network, expenses for developing an energy/housing computer program

library, arranging for computing facilities, and development and imple-

mentation of a familiarization program for user assistants will be

obtained from federal and state levels of government and from philan-

thropic organizations. The availability fo federal funding will depend

upon governmental energy policies at the time. State funding may be

obtained through the state energy and code agencies. The expense of

acquiring input-output equipment for a network access site in the RBC

will be shared by the state and the local municipality. Sharing of the

input-output equipment expense may be through a matching funds arrange-

ment and/or based on the existing computer capability of the local

municipality. It is probable that the input-output facilities at the
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municipality will be utilized for purposes other than access to the

energy/housing network.

The costs of operation and maintenance of the energy/housing net-

work will be met through funding from the state and local government.

Funding to retain the required network computer facilities will be pro-

vided by the state. Part of this expense will be passed on to the local

government, based on the accumulated computer use time and on the par-

ticular program used. At the discretion of the local government their

expense for network computer facilities may be offset through the

establishment of a user fee. The state will provide funding for main-

tenance and expansion of the energy/housing program library when indi-

cated by the group of cooperating agencies. Where access sites are

established the local government will provide funding for network user

assistance personnel. If existing employees of the building and code

departments of municipalities are selected as user assistance personnel,

their wages may be shared between code enforcement and user assistance

responsibilities.



l0. CONCLUDING DISCUSSION

lO.l Energy/Housing Computer Programs

IBUC, TRNSYS, and NBSLD are typical of existing energy/housing

computer programs. Together, they illustrate the range of variation

among existing programs in the simulation techniques utilized to evalu-

ate the energy performance of buildings. They are examples of the type

of resource available to the residential building community which can

be used to improve the energy performance of buildings if they are

accessible. The plan proposed for expanding energy/housing computer

capability in the residential building community is intended to achieve

the required program accessibility.

Both simple and complex techniques describing building energy per-

formance are employed by the three programs. Steady state load calcu-

lation and degree day energy consumption constitute the simple tech-

niques. Unsteady state, dynamic, hour-by-hour load and energy consump-

tion is the complex approach.

IBUC uses simple techniques to address the building load, the

energy consumption, and the economic aspects of building energy perform-

ance. Through the options available in the NBSLD program either very

complex or simple techniqUes may be utilized in addressing the building

load aspect of building energy performance. TRNSYS is the most versa-.

tile of the three programs. It uses simulation techniques similar to
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those used in the NBSLD program. Another feature of TRNSYS is the use

Of system component simulation in addressing the building load and the

energy consumption aspects of building energy performance.

Both the simplified techniques and the refined, rigorous techniques

of building energy performance simulation have their advantages and dis-

advantages. Programs utilizing simple techniques require a small amount

of basic, easily Obtained input information. Programs utilizing the

rigorous approaches require a greater amount of information and more

detailed information. It could be.a difficult task for individuals not

having knowledge of basic heat transfer or building construction to under-

stand and obtain the information needed for complex simulation techniques.

Both the complex and the simple technique programs benefit from well-

planned program input formats.

The steady state heat transfer techniques are often utilized to

estimate the heat loss of buildings at design temperature conditions.

The design heat loss has traditionally been utilized for sizing condi-

tioning equipment and for obtaining building energy consumption estimates

based on the degree day energy consumption methodology.

Simple simulation techniques yield less accurate results than the

refined, rigorous techniques. This is because the simple techniques do

not include heat transfer equations which closely describe the actual

heat transfer processes taking place in buildings or consider all the

factors influencing building energy performance. In particular, steady

state heat transfer does not account for the ability of building mater-

ials to store heat. Thus, when outdoor temperatures fluctuate the cap-

ability of steady state techniques to accurately describe heat transfer

through the building envelope is decreased.
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Dynamic hour-by-hour calculations, used by TRNSYS and by some sub-

routines in NBSLD, employ mathematical techniques (differential equa-

tions in TRNSYS and conduction transfer functions in NBSLD) to account

for the response of the building mass to fluctuating outdoor tempera-

tures. When the effect of building mass is realistically accounted for,

peak thermal loads of buildings estimated with dynamic methods tend to

be lower than peak thermal loads (design loads) estimated using steady

state techniques. Conditioning equipment can be more accurately sized

when based on dynamic load determination.

The simple simulation methodologies are easy to computerize and

inexpensive to operate and maintain in a ready access state on a com-

puter system. This is because there are fewer calculations required,

the calculations required are simple, and there are fewer influencing

factors considered in simple building energy performance methodologies

in comparison to complex methodologies. Computing costs are less for

programs requiring the least system storage space, the least computer

memory space, and the least computer time to complete the required cal-

culations.

For whatever specific purpose the programs in the energy/housing

program library are selected or developed, they should be as easy as

possible to use without sacrificing the simulation accuracy required.

Ideally an energy/housing program would require a small amount of easily

obtained input, would perform calculations which accurately represent

the actual heat transfer and/or energy consumption processes, and would

provide output organized and expressed in terms easily comprehended by

the program user. Simulation algorithms exist which enable the energy
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performance of a building to be accurately evaluated. However, these

sophisticated simulation techniques require a large amount of complex

input data.

There are two alternatives to using an energy/housing program

based on sophisticated simulation techniques. One is to use a program

having less complex algorithms, realizing the sacrifices in accuracy of

simulation. The second alternative is to seek ways of reducing the

amount and complexity of the program input information. Nall ggpjfl:

(1977) describes an effort to simplify the input information required

for the NBSLD program. Simplification of input is achieved, as well as

other advantages, through the use of computer graphic techniques. From

a pictorial display the computer determines much of the input information

needed to describe the building being evaluated for energy performance.

As progress continues to be made with making sophisticated programs,

such as NBSLD, easier to use their utilization will be more readily

accepted in the RBC.

lO.2 Expansion of Computer Capability

Existing computer capability in the RBC does not adequately provide

many individuals and organizations in the RBC with easy access to a

library of energy/housing programs. The diverse make-up of the RBC, con-

sisting of consumers, suppliers, and regulators which in turn may be

either individuals, small organizations, or large organizations, compli-

cates the task of expanding energy/housing computer capability. The

plan proposed to achieve expanded energy/housing computer capability in
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the RBC calls for the establishment of a network of computer access

sites. Increasing the number of access sites will bring potential users

in the RBC within closer proximity to an access facility than now exists.

The local governmental unit is the site selected for the RBC com-

puter capability resource center. The municipality was chosen because

of its role in public service and because of its existing ties with the

RBC established through the services performed.

At each computer capability resource center users will have the

opportunity to receive assistance with the selection of an appropriate

program from a library of energy/housing programs and to receive assis-

tance with accessing computing facilities. It is proposed that personnel

presently employed in local code administration and enforcement positions

are the best qualified to assume the additional responsibilities of pro-

viding the required assistance.

Overall responsibility for the computer capability network is

placed with a group of cooperating energy/housing agencies. Forming this

group are representatives form state code and energy agencies, academic

institutions, Michigan Home Builders Association, Michigan Association of

Building Inspectors, and Michigan State University Cooperative Extension

Service. As a group, responsibilities include the formulation and the

carrying out of policies addressing funding, network computer facilities,

energy/housing computer program library, and user assistance programs.

Contributions of expertise from all the cooperating agencies will

help insure the success of the energy/housing computer capability net-

work. However, the state energy and code agencies are key participants.

Their state-wide jurisdiction in addressing code and energy matters



l3l

coincides with the state-wide scope of the proposed enerQY/housing net-

work. A commitment from the state energy and code agencies is needed in

order for the energy/housing network to become a successful reality.

Funding for the energy/housing computer capability network will be

derived from local, state, and federal levels of government. Expenses

for the access facilities, computer programs, and computing facilities

will depend on the policies developed by the group of cooperating agen-

cies. For example, the size of required computing facilities and thus

the cost of establishing the energy/housing network will depend on the

number of programs in the energy/housing library, the size or complexity

of the programs selected, and the cost of acquiring or developing the

required energy/housing programs.

The expansion of computer capability in the RBC will take place over

a period of time rather than occurring in one single step. The rate of

development of the energy/housing network will depend on several factors.

One factor is the establishment of new regulations calling for higher

levels of thermal performance for the residence. Another factor is the

economic picture of energy supplied to the residence including the devel-

opment and demonstrated success of nontraditional energy sources.

Finally, the rate of development will depend on the commitment from the

group of cooperating agencies to its responsibility for developing,

implementing, and maintaining the proposed energy/housing network.



ll. CONCLUSIONS

The following are conclusions from this work:

There are in existence computer programs which address a variety of

aspects of building energy performance.

Both simple and sophisticated simulation techniques are used to

evaluate building energy performance by the existing energy/housing

programs.

The characteristics of energy/housing computer programs employing

simple and sophisticated simulation techniques may be compared as

  

follows:

simple techniques spphisticated techniques

a. yield results which are a. capable of closely simulating

approximations. the actual energy performance

of a building.

b. tend to be comprehensive, b. tend to be narrow in focus,

including more parts of the

energy calculation sequence.

c. require a small amount of c.

input information.

d. the input required is not d.

complicated and is easy to

obtain.

8. can operate on small comput- 8.

ing facilities and running

time is of short duration.

concentrating on one part of

the energy calculation

sequence.

require extensive input.

some of the input required is

complex and difficult to

obtain.

require large computing facil-

ities and long running time.

Two important building energy performance factors, quality or work-

manship and building energy economics, are not adequately addressed

by IBUC, TRNSYS, or NBSLD.
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Although the RBC is diverse, residential energy conservation is an

area of common interest among consumers, suppliers, and regulators

of housing.

The present energy/housing computer capability in the RBC is inade-

quate.

The local governmental unit, a public service organization, is a

logical site to establish a computer capability resource center.

A group of cooperating agencies will enable the computer capability

network to reflect the energy/housing expertise present in the RBC.



12. SUGGESTIONS FOR FUTURE WORK

Future work towards bringing about the use of computer programs for

improving the energy performance of residences should include the fol-

lowing:

l. Improve input and output functions of energy/housing programs.

A. Work needs to be done to minimize the amount and complexity

of required program input information without sacrificing

the accuracy of the heat transfer algorithms used.

Output of programs evaluating building energy performance

should be displayed in a format and in terms compatible with

the user's capability to understand and utilize.

2. Organize a nucleus group of energy/housing cooperating agencies.

This group will:

A. Set up channels of communication between participants in the

group of cooperating agencies.

Establish the committment, contribution, and responsibility

of each agency towards the development, implementation, and

operation and maintenance of the energy/housing computer cap-

ability network.
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APPENDIX A

EXCERPTS FROM ASHRAE STANDARD 90-75 AND MICHIGAN ENERGY CODE



1.0 PURP( )SI'Z

1.1 The ptlfpths‘ 01 (1118 3111111111111 is in priis'itlt: design -

requirements which will improve utilization 01 energy in

new buildings and to provide a means of determining

the anticipated impact of that energy utilization on the

depletion of energy resources.

1.2 The requirements of this Standard are directed

toward the design of building enve10pes with adequate

thermal resistance and low air leakage; toward the

design and selection of mechanical. electrical. serVice

water heating. and illumination systems and equipment:

and toward the prudent selection 01‘ fuel and energy

sources: all of which will promOte effective use of

depletable energy resources and encourage increasing

use of nondepletable energy resources.

1.3 11 is intended that this Standard be flexible in order

that designers be encouraged to use innovative ap-

proaches and techniques to achieve effective utilization

of energy. More effective use of energy may be achieved

by the use of alternate design solutions. which follow

the specific requirements of Sections 10 and! or 11. Sec-

tion 12 provides a method for calculating the quantities

of energy resources required and the impact of on-site

energy use on those resources.

1.4 It is intended that this Standard be used in the

design of new buildings and that compliance with its re-

quirements should be'determinable in the preconstruc-

tion stage. by evaluation and analysis of the design.

1.5 This Standard shall nor be used to abridge any

safety. health or environmental requirements.

1.6 Where more stringent requirements exist in

building and construction codes. those requirements

shall prevail.

2.0 SCOPE

1.! This Standard sets forth requirements for the de-

sign of new buildings for human occupancy. as enumer-

ated below. covering their exterior envelopes and selec-

tion of their HVAC. service water heating. energy distri-

bution and illuminating systems and couipment for efo

fective use of energy.

1.1.1 This Standard covers new buildings that pro-

vide facilities or shelter for public assembly. educa-

tional. business. mercantile. institutional. and residen-

tial occupancies. as well as those portions of warehouse.

factory and industrial occupancies which are used pri-

marily for human occupancy. Office space is an exam-

ple of a human occupancy area where energy is used

primarily to provide human comfort. Unless Otherwise

stipulated. the term buildings. as used in this Standard.

includes mobile homes and manufactured buildings.

2.1.2 Buildings or portions thereof whose peak

design rate of energy usage is less than 11 W/m‘lJJ

Btu: h- ft‘) of gross floor area for all purposes and those

which are neither heated nor cooled are excluded from

the scope of this Standard.

2.1.3 Where specifically noted in the sections of this

Standard. certain Other buildings or elements thereof

may be ctempt when design data are am available or

n01 applicable. '

2.2 This Standard does n0t cOver specific procedures

for the operation. maintenance. and use of buildings.

2.3 For certain consumer products and industrial

equipment. governmental standards for energy ef-

ficiency and energy use may supersede or be in-

corporated in voluntary standards referenced in this

standard.

4.0 EXTERIOR ENVELOPE REQUIREMENTS

4.1 Scope

The criteria of this section establish the minimum ther-

mal requirements of the exterior envelope of new build-

ings. The equations. charts and tables in this section are

intended only for use in defining these criteria. in cases

where a system analysis approach :0 building design is

desired. the requirements of Section 10 and/or 11 of this

Standard shall apply.

4.2 General

4.1.1 The intent of this section is to prOvide mini-

mum requirements for building enveIOpe construction

in the interest of energy conservation. These require-

ments are n01 intended nor should they be construed as

the optimization of energy-conserving practices.

Paragraph 4.) applies to one- and two-taniily residen-

tial buildings. hatch and mOtels. n01 ctceeding three

stories above grade (Type A Buildings). Paragraph 4.4

applies to all Other buildings not covered by 4.3 1 fype 8

Buildings). Paragraph 4.5 applies to all buildings (Type

A and Type 8 Buildings).

4.2.1.1 in addition to the criteria at“ torth in this

section. the prOposed design should consider energy

conservation in determining the orientation at the

building on its site: thegeometric shape or the building;

the building aspect ratio (ratio of length to width); :he

number of stories for a given floor area requirement:

the thermal mass of the building: the exterior surface

color: shading 0r reflections from adjacent structures.

surrounding surfaces or vegetation: Opportunities for

natural ventilation: and wind direction and speed. For .1

national standard the above considerations are dit‘iicult

if not impossible to quantify. However. particularly on

a local basis. many of these items including the effects

of mass. passive solar and daylight utiliration can be

quantified and therefore should be included.

4.2.1.: To comply with the reguirements 01 Sec-

tion 4.0. calculation procedures and mt‘ormamn con-

tatned in Chapters 19.26” of the 197‘ ASHRAE

HANDBOOK 3 Product Directory. Fundamentals

Volume. shall be used. Other available nieasurcd :hcr-

mal performance data for envelope sections. cithcr from

laboratory or field data or from engineering JOIIVNCS

may be considered either in addition to. or :11 New 0!.

(11¢ criteria set limit ill 111“ scum!" t'ttisit‘uts‘ viii." :iul

repeatable 'csuits can be woven.
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4.2.2 The gross area of exterior walls measured on

the exterior consists of all opaque wall areas tincluding

foundation walls. between floor spandrels. peripheral

edges ot floors, :cJ. window areas (including sashl.

and door areas. which enclose a heated and.’or mechan-

ically cooled space (including interstitial areasl.

4.2.3 A roof assembly shall be conStdered as all

components of the roof/ceiling envelope through which

heat flows. thus creating a building transmission heat

loss or gain. where such assembly is exposed to outdoor

air and encloses a heated and/or mechanically cooled

space.

4.2.3.1 The gross area of a roof ahxcnlui) consists

of the total interior surface of such assembly. including

skylights «owed to the heated and/or mechanically

cooled space.

4.2.3.2 Where return air ceiling plenums are

employed. the roof! ceiling assembly shall:

a. for thermal transmittance purposes. n0t include the

ceiling proper nor the plenum space as part of the

assembly. and

b. for gross area purposes. be based upon the interior

face of the upper plenum surface.

4.2.4 All buildings that are heated and/or mechanio

cally cooled shall be constructed to prOVidc the required

thermal performance of the various components.

4.2.4.1 The stated Uo value of any one assembly.

such as root/ceiling. wall or floor. may be increased and

the U, salue for Other components decreased prowided

that the oserall heat gain and/or loss for the entire

building envelope does not exceed the fatal resulting

from conformance to the stated U. values.

4.2.4.2 The following dry bulb temperatures shall

be used for calculations in this section:

Indoor Outdoor”

.C F

Winter 22.0 ’2 97 V: "s

Summer 25.5 ’8 2%".
 

4.2.5 A building designed to be both heated and/or

cooled shall meet the more stringent of the heating or

cooling requirements of the exterior enveIOpe as provid-

ed in this section when requirements differ.

4.2.6 The design of buildings for energy conserva-

tion may increase the water vapor pressure differentials

between the interior and exterior environments. Vapor

retardcrs. air infiltration and operating interior relative

humidity should be considered to maintain the thermal

and moisture integrity of the envelope.

4.) Criteria for Type ”A" Buildings

4.3.1 Type "A" Buildings shall include:

-\-1 Detached nnc- and too-family dwelliitus

M2 All other residential buildings. 3 stories or less.

iiit'littlitiy lint iii-t limited in tititllt-ltiitttly dwellings and

lunch .tllt1 lllllll'1\
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4.3.2 Heating and Cooling Criteria

4.3.2.1 Walls. Atty building that l\ litiitctl .iitd'nr

mechanically cooled shall have a cuttthtttcd :L'tcrtnal

transmittance value its}, value) for the gross area of ex-

terior walls n0t exceeding the values shown iti Fig. 1. its-

ing Table 1. Heating Degree Days as gis en in the 1976

ASHRAE HANDBOOK 8t Product Directory. Systems

Volume. Chapter 43.”

4.3.2.1.1 Eq I shall be used to determine ac-

ceptable combinations to meet the requiieiztents at Fig.

1.

Equation l Formulafor Determining Combinations

(See Fig. 1 and Section 4.3.2.1. and.'or Fig. 4 and Sec-

tion 4.4.2.1)

U. I

{Unfit ‘ Aiofll I.’ {U'rnotution ‘ ‘A'ennttvannl . 1L! in» ‘ Ada-t}

‘ 0

(See hate below.)

where

U,‘ - the average thermal transmittance of the gross

wall area. Wimit°C(Btu/ ft--h- H

A. - the gross area of exterior walls. m- (11:) (sec

4 z a

U... - the thermal transmittance or all elements of the

opaque wall area. Wt m3 - °CtBtu- 11' - h- Fl

A”. opaque wall area. m-(l‘t-i

U..,.,,.,,:.,M - the thermal transmittance of the window area.

\li'tm5-°C181tsxl't"'~h' F) ‘

A.,“...M - window areatincluding sash) xv (ft-l

Um, - the thermal transmittance of the door area.

thi- ’ClBtu/fti-h-F)

Am, - door area. in: (ft‘)

't-g Iii-r lsrve"\ ‘ his.“ ~.- Fig Hos {site"l" Bond ne-

NOte: Where more than one type of wall. window and/or

door is used. the U I! A term for that exposure shall be ex-

panded into its sub-elements. as:

(Uwell; ‘ Ao4111+1u.“: ‘ A.‘_;;l. - ..... . CIC.

For L.’ values and temperature differences for below

grade walls see ('hapter 24 of the 1977 ASHRAE

HANDBOOK St Product Directory. Fundamentals

Volume."

4.3.2.1.2 The requirements for locations with

less than 2‘78 Celsius Heating Degree Days (500

Fahrenheit Heating Degree Daysl shall be:

a. 11’ only heating is provided. there is no UJ requne-

ment.

b. If the building is to be mechanically cooled when

built or if provision is made for the future addition ot

mechanical cooling. the U, shall he 1.‘()\\' m~'- ’C (0.30

Btur‘fti- h- F) maximum for Type .-\-| and 2.15Wim‘-

°C 10.38 Bill/1!:- h- F) maximum for 1'} pi: :‘s-Z.

4.3.2.2 Roof/Ceiling. Atty building lhdl is heated

and/or mechanically cooled shall have '1 combined thfo

mal transmittance value (U . value) for the gross area of

the roof assembly hat to exceed the values show it in Fig.



2. using heating degree days as given in the l976

ASHRAE HANDBOOK a- Produet Directory. Systems

Volume. Chapter 43. "

Eruption: Roof/Ceiling assemblies in which the

finished interior surface is essentially the under side of

the roof deck. such as a wooden cathedral ceiling. shall

have a LX. value net to exceed 0.45W/m=-°C (0.08

Btu/m. h- F) tor any Heating Degree Day area.

4.3.2.2.! Eq 2 shall be used to determine accep-

table combinations to meet the required U, values of

Fig. 2.

Equation 2 Formulafor Determining Roofi’Cer‘li‘ng

Combinations (See Fig. 2 and Seetion 4.3.2.2 and/or

Fig. 5 and Seetion 4.4.2.2)

U . [Urgsl I A'nfl + (Unglum X Anvluhll

o A“

(See note below.)

w here

U" - the average thermal transmittance of the gross

roof/ceiling area. W ’m:-°C (Btu! ft:- h- F)

A., - the gross area of a roof/ceiling assembly, m=(l‘t3)

(see 4.2)

Um, -the thermal transmittance of all elements of the

opaque roof/ceiling area. W/m1-'C(Btu/ft: - h- F)

A.,, - opaque roof/ceiling assembly. m:(fl2l

M.,... - the thermal transmittance of all skylight elements

in the roof/ceiling assembly, w/mi- 'C

(Btu/ft" h- F)

A.,"... - skylight area (including frame) mztft’) '

Nate: Where more than one type of roof/ceiling and/or

skylight is used. the U x A term for that exposure shall be

expanded into its sub-elements. as:

[Drain ' Are.“ 1 + NM: ' A“: l. + ..... . “C.

4.3.2.3 Floors over Untreated Spaces. For floors

of heated and/or mechanically cooled spaces over

unheated spaces. the U‘, value shall nor exceed the

values shown in Fig. 6. For floors over outdoor air (ex-

ample: overhangs) U, value for heating shall meet the

same requirements as for roofs shown in Fig. 2.

4.3.2.4 Slab-on-Grade Floors. For slab-on-grade

floors. the thermal resistance of the insulation around

the perimeter of the floor shall be as shown in Fig. 3.

The insulation shall extend downward from the tap of

the slab for a minimum distance of 0.6m (24 in.) or

downward to the bottom of the slab then horizontally

beneath the slab for a minimum tOtal distance of 0.6m

(24 in). There are no insulation requirements for heated

slabs in locations having less than 278 Celsius degree

days (500 Fahrenheit degree days). or for unheated slabs

in locations having less than 1390 Celsius degree days

2500 Fahrenheit degree days).

4.3.2.5 Crawl Space Plenum. The exterior walis

of crawl spaces use: as plenums (see 5.12) for supply or

143

return air shall be insulated to pl’OVIUt‘ a thermal

resistance. excluding t'ilm resistances tit

At . . At . .

R . — m'-°C,/\1. (R a —- its-:t-i Btu)

47.3 is '

Where:

At - the design temperature dtt‘iczcntiai t-czu cert :tit ...: .‘l ills.

plenum ant.l the outdoor air in ‘CtFi
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EXTERIOR ENVELOPE COMPLIANCE

w

Example House:

See drawings 1, 2, 3 and 4 for plans, evaluation, and construction

of roof/ceiling, wall, and floor assemblies.

Single story, three bedroom ranch

Located in Grand Rapids

Heated walk-out basement

Unheated garage

walls have 16" O.C. framing (including walk-out)

Roof/ceiling has 24" O.C. framing

One foot of exposed concrete foundation wall on three sides of house

Both sliding glass patio doors are double glazed (1/4" air space)

All windows are single glazed without storm windows
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SECTIONS AND R VALUE CALCULATIONS

CEILING

Top Surface

6" R-19 Insulation

3 1/2" Soft Wood

1/2" Gyp Board

Bottom Surface

Rt -

HALL

Outside Surface

Hood Siding. 1/2"x8"

1/2" Asphalt Impreg.

Sheathing

3 1/2" R-ll Insula-

tion

3 1/2" Wood Stud
 

 

1/2" Gyp Wall Board

Inside Surface

Rt -

RIM JOIST

Outside Surface

Hood Siding. 1/2" x

8"

1/2" Asphalt Impreg.

Sheathing

1 1/2" Soft Hood 

Inside Surface
 

 

 Rt-

FOUNDATION WALL

Outside Surface
 

8" Conc. 8x.08    

 
 

.—‘—'fl_____________——-Inside Surface

Rt.

DRAWING N0. 4

 

 

 

CAVITY JOIST

R R

.61 .61

19.00 -—

-- 4.35

.45 .45

.61 .61

20.67 6.02

CAVITY STUD

R R

.17 .17

.81 .81

1.32 1.32

11.00 --

-- 4.35

.45 .45

.68 .68

14.43 , 7.78

.L

.17

.81

1.32

1.89

.68

4.87

R

.17

.64

68

1.49
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Basic Calculations

House Perimeter

28' + 28' + 46' + 46' - 148 ft.

Gross Assemblz Areas

Gross roof/ceiling area (interior surface, 4" walls):

45'-4" x 27'-4" - 1239 {:2

Gross wall area:

Framed wall (with siding exterior)

First floor 130' x 8' - 1040 re:

Basement 46' x 8' - 368 fta

1408 it

Framed wall area (with dry wall exterior)

First floor (garage) 18' x 8' - 144 fez

Rim joist area 1' x 148'- 148 fez

Exposed foundation 2

wall area 1' X 102'- 102 ft

Gross Wall Area 1802 ft2

Floor area over unheated space:

None, therefore, the floor is not considered in the determination for

compliance in this example.

Note: 1) Since the basement floor is an unheated slab-on-grade

perimeter, insulation is required on the walk-out side.

Note: 2) Wall framing is estimated to be 202 of the gross wall

area.

Note: 3) Ceiling framing:

2' X s spaced 24" cc - 6.252 wood framing area

2' x s spaced 16" cc - 9.372 wood framing area
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. Framing

2
1239 ft

.5 0e06 5

77 ft

1239 fez

- 77 ft, framing

1162 ft“
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H O m n

N
N
f
o

\
N

I

1e 0

Doors: 1 - 102" x 84" - 60 ft2

1 - 78" x 84" - 46 ft

106 ft

2

2 - 42" x 84" - 49 ft

 CONTINUE
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Framing (With Dry Wall Exterior)

144 ft2

x 0.20

29 ft2

1408 ft

-134 ft

- Gross

- Single Glazed Windows

-106 ft - Double Glazed Windows

- 25 ft - Wood Slab Door

-282 ft - wood Framing

861 ft - Cavity

N
N
N
N
N

      

  
    

 

  

  

 

144 fez - Gross

-29 ft - Hood Framing

-24 fta - wood Slab Door

91 ft - Cavity

CONTINUE HALL
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WALL HEAT FLOW REGIONS

18 ft2

xl ft

18 rt

102 ft

x 1 ft

102 ft

3 102 ft
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APPENDIX B

COMPLETED INPUT FORM FOR THE IBUC PROGRAM



lpq ‘1-l4EE E3;\Pdl< (3r. LJED .TT'lEE Name

CHiMNEY

- ENERGY SAVlNGS
Address

2. mm PROGRAM' City

 

 

L Zip

There are many ways to make houses more energy efficient and prevent the escape

of heat for which you have paid. Some of the most important steps are: caulking and

weatherstripping around doors and windows: adding storm windows: insulating attics.

walls. and floors or basement and crawl space walls. Some steps cost more than

others. This program is designed to help you figure out what it might cost to add

these energy-savers to your house. how much each might save on heating costs. and how

long it would take to pay off your initial investment.

The information you provide about your house on this questionnaire will be put

into a computer which will do the calculating for you. using a program developed at

M.S.U. The information you get back from the computer will help you determine where

you can get greatest energy savings for your investment. In order to get the most

helpful information back. be sure you are as accurate as possible in filling out the

form. Measure wherever you can instead of guessing. The information you receive is

based on average prices for Michigan: exact prices may vary somewhat in your area.

The computer does figure in the rate of inflation for "one-shot“ investments lasting

several years.

First: Draw a rough plan of each floor in your house on the enclosed graph paper.

Show which areas are heated. basement. and crawl spaces. Draw the attic area. (See

example -- your house may be different than the examples in this form but show what

it is like as closely as possible.) You may draw to scale. Show the outside dimen-

sions of each area to the nearest foot you can: then use these to calculate the square

foot areas and total length of walls requested in the form.

Second: Pill but Section I. "General Information”. Each of the other Sections.

II through VII. refers to a different weatherproofing step. Fill out each one you are

£?iam1pfis-a¥52r ffiochseu

interested in considering.

Square foot area:

lst floor - 32'x20'- 640

le'xlO'a £29

800 sq. ft.

 

  
  

 

2nd floor - 32'x20'- 640 sq. ft.

cameos: FLoog PAL/Kg:

I 4.1+: :7“, Tynmi T

 

  

   

   

' - 1v 4 "' hrs/rd

33' 41°" Flo-P a: W J? afi‘ic.

, nnhhe

. . i m...

"‘:h7"’ ,//r *‘$h="'*
raé¥mr’13(¢a

'K Ila-fe/
A777c.

'
1 Economics Department;

*‘his co uter program was developed by State Harsh. Agriculture

J;mes 30:: and Leslie Mack, Agricultural Engineering Department, Cooperative Extension

Service. hichizan State University, East Lansing, MI 48824.
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SECTION I. General information SECTION II. Caulking and f-leathegroofing

Doors and windows

house information

:3 la. What kind of fuel is used by

your heating system?

1 - Electric

2 - Oil

3 - Gas

4 - Coal

Ifi b. How many windows are on your house

regardless of size (include base-

 

 

 

 

  
 

 
 

ment windows)? If you are interested in this step.

3 c. How many doors are on your house

including sliding glass doors?

I d. How many stories do you have? (Do the

not include finished attic or- the

basements). 2 3a.

lgégg e. What is the square foot area

of the floors of your house

(Do not include finished attic

or basements).

I f. Does your house have

1 - crawl space lfl: b.

2 - exposed basement walls Z c.

0 - no crawl space or exposed

basement walls?

answer the following questions:

Which of the following best describes

condition of the caulking around

windows and doors:

l-ox - Cracks completely filled-

window putty good.

Z-Fair - Caulking and putty cracked

or missing in places.

3-Poor - No caulking. noticeable

drafts.

Number of windows needing caulking.

How many doors need caulking?

Which of the following best describes the

0 9. Does your home have central air condition of weatherstripping: on your

conditioning (o-no. l-yes) doors and windows?

Check all of the following weatherproofing 2 4a.

steps you would like to consider: Now,

read each of the following sections to

see if you want to make added choices.

K 2a. Caulking and weatherstripping(5ec. II)

b. Installing storm windows(5ec. III‘ ~2L—b'
.44..

i c. Attic insulation (sec. IV)

,4 a. Hall insulation (sec. V)

I: e. Crawl space walls. floor or l4’c

basement walls (sec. VI) —— '

r: f. Thermostat adjustment (sec. VII) -21-d'

BACK OF THE FOLLOWING SECTIONS

REFEFSIN DETAIL TO ONE OF THE

WEATHERPROOFING STEPS YOU HKVB

.JUST CHECKED.

Condition of window wea:c-. -

l-OK - Unbroken weatherstripping,

no drafts.

Z-Fair - Some weatherstripping damage:

3-Poor - No weatherstripping

Condition of door weatherstripping

l-OK — Unbroken weatherstripping.

no drafts.

Z-Fair - Some missing

3-Poor - No weatherstripping

how many windows need weatherstripping:

How many doors need weatherstripping?
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SECTION III Storm Window Information

If you are interested in this step.

answer the following questions:

3 5a. What kind of storm windows would

you consider installing?

l-Plastic sheeting over windows

Z-Regular single glass

3-Combination self storing Storm

)2 b. Howlggg‘ysstom windows will you

install?

SECTION IV Attic Insulation

If you are interested in this step.

answer the following questions:

[ 6a. What type of roof do you have?

OIFlat or mansard (see drawing

below)

lsOther types of roofs

‘1‘Y'

“3+ menserd

 

 

   

 

 
 

If flat or mansard roof. skip

to Section V.

Plat roofs or mansard roofs are

uncommon in houses. especially older

houses. Insulating them should be done

by a contractor and costs will vary.

3 b. How many inches of insulation do

you have in your attic?

However, if old insulation is packed

down or missing in spots enter 0 for

thickness.

 

Q c. Will you have a contractor install

the insulation or do it yourself?

Dado it yourself

l-usc contractor

SECTION IV Attic Insulation (Continued)

Do you have one or more of the following

types of attics? (0-no; l'yes)

[ 6d. Unfinished attic (with the floor

joists exposed)

C e. Unfinished attic (with a floor but

no plans to finish attic)

(3 f. Unfinished attic (with a floor and

you plan to finish it into rooms

in the future)

Q g. A finished attic.

If you answered yes on line 6d or 6e.

give the length (l) and width (W) in

feet of each area of your home with an

unfinished attic above it. If you have

more than one of these areas. report

each as a separate area. The diagram

below is an example of a home with five

separate unfinished attic areas. Areas

may be numbered in any order as long as

you report all such areas.

L

h rm

f.

 

L.

3

  

 

  

7. Size of Area 1 52 long.z_§_wide

8. Size of Area 2 L“ long.32,_wide

9. size of Area 3 JQ long,JQ_ __wide

10. Size of Area 4 _ _ long,_ _ _wide

ll. Size of Area 5 _ _ long,_ _ _wide
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SECTION IV Attic Insulation (Cont.)

If you answered yes on line 6f or 6g. give

the length and width of the areas shown;

if you answered no. skip to Section V.

timbers on the diagram refer to the

questions which follow.

ATTIC CEILING OUT

5:: Qu‘iSfiows ‘6: 9

46

OUTER ATTlC TRIANGLE

. see: QuiS‘houb iL-zo

Attic Ceiling Areas

These are the flat areas which form

the ceiling and you could have more

than one so list the size of as many

of these areas as you have.

12. Attic Ceiling 1 _ _ long. _ _ _wide

13. Attic Ceiling 2 _ _ long. _ __ _wide

14. Attic Ceiling 3 _ _ long. _ __ _wide

15. Attic Ceiling 4 _ _ long. _ _ _wide

l6. Attic Ceiling 5 _ _ long. _ __ _wide

Outer Attic Areas

List as many as you have.

17. Outer Attic Area 1‘ __ _ long. __ __ _wide

18. Outer Attic Area 2 _ _ long. _ _ _wide

l9. Outer Attic Area 3 _ _ long. _ _ _wide

20. Outer Attic Area 4 __ _ long, _ _ _wide

2l. Outer Attic Area 5 _ __ long. _ _ .wide

Outer Attic Gable Areas

List the- dimensions of outer attic gable

areas (Outer Attic G.A.) which you have.

22. Outer Attic G.A. l‘ _ _ long. _ _ _wide

23. Outer Attic G.A. 2 __ _ long. __ _wide

24. Outer Attic G.A. 3 _ __ long. _ _ _wide

25. Outer Attic G.A. 4 _ _ long. _ _ _wide

26. Outer Attic G.A. S __ __ long. _ _ _wide

SECTION V Wall Insulation Information

If you are interested in this step.

.answer the following questions:

Measure the distance around each story

of your house in feet. These would be

the walls you insulate.

6———-——'§

LFI
Q—v‘

lfifl 27a. Length of outside walls on

first floor.

0 b. Length of outside walls on

second floor.

0 c. Length of outside walls on

third floor (if you have one).

 

 

 

If you have other walls to

insulate. what is the length

of these walls in feet?

0 b. What is the length of the

finished attic end walls?

These are the ends of rooms

on the outside including dormers

that should be insulated. Add

all of these lengths together.

(See example next page)
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Storms v

ATT1C- END

VVAdah.

   

  

 

 1F"-"‘"'—"‘,
add a I: Og

1‘1: :5; dds-fond es

  

2 c. Choose which of the following types

of insulation you would like to

consider:

l-Mineral Fibers (fiberglass or

rock wool)

Z-Cellulose fibers

3-Urea Formaldehyde foam

SECTIOX VI Crawl Space Walls. Floors.

and Basement Wall Information

If you are interested in this step. answer

the following questions:

C) 29. Do you have a concrete slab on

the ground? (Ox-no: l-yes)

I: Y0.’ '

skip rest of this section.

and go to Section VII.

Which of the following types of crawl

spaces or basement walls do you have?

You could have one or more of these

types of spaces. (see below)

(o-no: l-yes)

( 29a. Crawl space with walls around it

Q b. Floor over garage. porch. or

open crawl space.

/ c. Heated basement that sticks out

of the ground.

Q d. Will contractor insrall insulation?

O-no: l-yes

Hall Insulation Information (Cont.)

 
SECTION VI Crawl Space Walls. Floors

and Basement Hill I f r C

 GHlOLHflo ‘f,

‘-    

a. Crawl space with walls around it

   
b. Floor over garage. porch. or open

crawl space

__,rfl..uu..uuu$*a_

I'd,

 

c. Heated basement walls that stick

(wholly or partially) out of the

ground!

Crawl Space to Insulate

[53. 30a. What is the distance in feet

around the crawl space under

your floor?

 

 

   
 

v— —,‘

‘

’—T a,
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SECTION VI Crawl space Walls. Floors,

Basement Hall Information. cont.

Floors to insulate

What is the width and length of the

floors over cold unheated areas that

should be insulated?

31. Area of Floor 1 __ _ wide._ _ _ long

32. Area of Floor 2 _ _ wide._ __ _ long

33. Area of Floor 3 __ __ wide,__ __ _ long

34. Area of Floor 4 _ _ wide._ _ _ long

Basement Walls to Insulate

The basement of a

out of the ground

usually concrete.

house usually sticks

and this band of wall.

should be insulated.

i 35a. Average height of exposed wall

from the ground line to the

first floor (feet). (heasure

height of greatest exposed

area and add this to height

of least exposed area and

divide the total by two).

What is the distance around the

heated part of the basement (feet).

f1

sab-

 

 

4 b.

SCTION VII Changing Thermostat Setting

Considerable amounts of fuel ta: ta saved

by turning heating thermostatn - t and

cooling (air conditioning) ther:- Lats up.

For each degree the thermostat is turned

up or down we can estimate the fuel savings.

If you are interested in this step, answer

the following questions:

373 36a. What is your best estimate

of your total heating fuel

cost for the last 12 months

(dollars)?

How many degrees will you

turn down your thermostat?

Answer line 37 only if you have home central

air conditioning.

37a. If you have central air con-

ditioning what is the best

estimate of your cooling costs

for one season (dollars)?

If you have central air con-

itioning. how many degrees

will you turn up your therr~

stat?

This completes the form.

Thank you.

comments you would like to add.

below:

If there are

please do so
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COMPLETED INPUT FORM FOR THE NBSLD PROGRAM



Input
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Field

INPUT VARIABLES AND ARRAYS

1

RUNID RUNTYP ASHRAEIDETAL METHOD (Integer)

/ :2 <3 I <3

2 NAMEBD (Col. 3-36, Alphanumeric)

m S u H O u S E

3 QLITX (24,3)

[P o) C) o. :3. o o (o o o e

| e o O o O O o O O 0

[7‘6 o) o (o

4
QEQUX (24,3)

[* o o o o o c: o c: e a

| o o o o e» o o» o o o

I c: o o o

5 QOCUP (24,3)

{‘31. o t: 'o o o e c: o o

«o O C) Qipi O o 0 g_ c: 0

L79: 0 ° 0

6 QLITX'

c: c: o - o o o» c: o a

I g 0 O O O O O _Q 0 O

| Q 0 <3 15

7 QEQUX'

e o c> o o c c) o 67 o

o o F o o o o o o o

L__e_t_9_ ”5

8 QOCUP'

o» EEI‘ o EYI' 0 o C> 0 [f a o

o 0 <9 ‘0 O c> c: 1o 1, c: c:

O c O
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9 QLITX"

o O 0 <3 0 55 o I o c) o

o o o o o A o if 0 o o

o o o o

)0 QEQUX"

To 0 o o o o o o o o

l: c: o o o c: o o o o o

| o o o o

11 QOCUP"

E Q 0 O L o o o a o o

I o) o O 0 <0 0 o o 43 o

L o o o o

12 RMDBS (24)

7a 70 73 11 73 n 79 7L 7L )3

7e 73 7a 28 2% 78 78 2L 78 7a ,

78 28 ‘7

13 RMDBN (24)

a as (.3 as a? 69 _é6_ £6 63 ea

a 2: so as 6 63 lg a _is as

6 £8 9

14

RMDBWD RMDBSO RHW RHS

68 78 as (.o

15

NDAY NSKIP TAPE 2 (INTEGER)

o, C> CD

16 ZBLDG (15)

MONTH DAY ELAPS DBMAX RANGE NBMAX DBMNT TGS TGN UG

I ll. (5 33 O 20 23 4! 4! .l
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LONG LAT TZN ZLF RHOW

 

a 4'67 43.33 :zb

      
 

l7 NAMERM (Col. 3-36, Alphanumeric)
 

N TICNO CEL
                                   
 

l8
 

IROT INCLUD (INTEGER)

 

O I
     

l9
  

NLAYR (INTEGER) (NOT INPUT) IRF
  

      

20

lst LAYER-innermost
0

20A 2nd LAYER

203 3rd LAYER

20c 4th LAYER

ééu Nth LAYER 
 

 

 

 

 

 

 

 

 

2l LAYER DESCRIPTION (24 Col.max. Alphanumeric)

67)!“ sum 8 O A RD lst LAYER-INNERMOST

ZlAFIBre INsuLATION 2ndLAYER

ZTBSHEATHING/Dec ING 3rdLAYER

21C$loa G/RJOOFIN 4thLAYER

ZTN Nth LAYER                          



22

  
 

23
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24

 

 

     
 

25
 

 

       
 

 

 

   
 

 

 

     
 

 

 

    
 

.___,.

NLAYR (NLAYR = ZERO CARD INDICATING END OF NALL/ROOF/FLOOR DATA)

L___.

0

ZROOM (l2)

ROOMNO QLITY QEQPX QCU FLCO FRAS TS CFMS ARCHGS ARCHGN

I o o o o o o o o o

ARCHGM ZNORM

A32. /

1w IL ISTART ILEAVE

3 o 9 )7

TUL TIL QCMAX QHMAX DBVMAX DBVMIN

’79 6% 99,000 99,000 6% so

26

ITHST ITK (INTEGER)

C) CD

27 NNEXP (4)

NS NW NN NE (INTEGER)

2. :2 2: :2

28

L N H

so 30 8
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29

ITYPE IRF A Azw U SHADE ABSP SHD

I 5’ I500 o o o .78 0

30 SHADw (30,15)

FL HT FP Aw BNL BNR D

<> <3 c> <3 c> c> ca

31

FPl Al Bl Cl FP2 A2 82 c2

0 c> 0 <3 <3 «0 0 <3

29A

ITYPE IRF A Azw U SHADE ABSP SHD

2 / 360 o o o .7 8 o

30A SHADW (30,15)

FL HT FP Aw BwL BwR D

0 <3 c> o o C) c:

3lA

FPl Al Bl c1 FP2 A2 82 c2

0 o O o o o O o

32

UENDN UCELNG AENDN ATCHT ARCHGATTAIRNT

C> c> c: c3 c: I

33

IEXTED IEXMS IEXME { NTVNT NVENT (INTEGER)

C) C) C) CD CD

      
 

34(BLANK DATA CARD INDICATING END OF DATA)

(INTEGER: ITYPE

AND IRF)

(INTEGER: ITYPE

AND IRF)


