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ABSTRACT

This document deals with the OPERA model designed for finding optimal
energy retrofits in existing multi-family buildings.

The model can be implemented in IBM PC:s or compatible computers. The
main program with its subroutines, however, is written in FORTRAN 77
and there will only be minor problems if other computers are used.

The program is designed for solving an optimization problem, i.e. to
find the cheapest combination of all the possible retrofits that could
be put into a building. Building retrofits, ventilation retrofits and
heating equipment retrofits are dealt with simultaneously and the
combination with the lowest Life-Cycle Cost, LCC, is elaborated. The
LCC shows the totality of the building costs, the maintenance costs
and the operating costs for the building.

Ten different heating systems are dealt with, e.g. simple ones like
oil-boilers and more complex ones like bivalent oil-boiler heat pump
systems and systems dealing with differential rates.

Insulation measures on the building envelope are optimized as well as
fenestration retrofits. The program also deals with the ventilation
system and calculates if weatherstripping and/or exhaust air heat
pumps are part of the optimal solution.

There is also one program, written in C, which is used for
transferring original OPERA files to files that emulate the influence
of the Swedish subsidy system. The OPERA model, however, had to be
changed on several points in order to handle this file.

Further, one program has been developed for a graphic presentation of
the building energy system. However, this program also written in C,
is closer confined to the IBM PC environment and thus it cannot be

used in other computers without a lot of reprogramming.
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PREFACE

This document shows the design of the OPERA model which is used for
optimization of energy retrofits in multi-family buildings. It is
developed at the Institute of Technology, division of Energy Systems,

in Linkdping, Sweden.

The work with the model, elaborated as part of a PhD in Energy
Systems, was funded by the Swedish Council for Building Research and
the municipality of Malmd, Sweden. Up till now, it has been
implemented in a NORD 570 computer. Thank you Gunnar Andersson who
helped me with all the FORTRAN programming. This type of machine,
however, is not very common with the assumed users of the program, why
there was an interest in implementing the model in smaller computers
as well. Therefore, the Council also funded this work, and the model

can now be run on an IBM-PC or other compatible computers.

In order to enlighten the influence of the Swedish subsidy system, the
National Energy Administration has funded part of this document, as
well as the computer program that transfers the original OPERA input
data file to a new one, with recalculated prices for building costs

etc.

The municipality of Malmé, Egon Lange and Claes Alfredsson, must also
be acknowledged for testing the model. They have used several
buildings of different types and put in much work on finding proper
input data to the model. They have also evaluated the results from the
OPERA runnings and suggested enhancements. Without their efforts the
model would not be what it is today.

The foundations of Elna Bengtsson and Helgo Zettervall has also funded
some of this work. The first fund has contributed to the elaboration
of a solar radiation program used for finding input data to the model,
while the other has funded work with bivalent heating system

optimization.



The author also wants to thank his mentor, and the supervisor of this
project, professor Bjoérn G Karlsson, for his support and for
invaluable advice about the performance and the mathematical design of
the model.

Much work has been sacrificed to find bugs in the programming code.
Experience shows, however, that there sometimes is something that does
not work as expected. The author will thus be very grateful to those
readers of this document and the users of the model, who send comments

and suggest further enhancements.

The author also hopes that the model will be a useful tool in the

everyday work with designing optimal building retrofits in common

engineering practice.



SAMMANFATTNING

Detta dokument behandlar den sk OPERA - modellen vilken
anvands foér att hitta optimala energirelaterade
ombyggnads8tgdrder i flerbostadshus.

Modellen, eller dataprogrammet, &r speciellt anpassat till
att anvidndas i IBM - kompatibla persondatorer med
operativsystemet MS DOS. Huvudprogrammet med sina
subrutiner &r skrivet i FORTRAN 77 vilket innebdr att det
med mycket sm8 justeringar kan anvdndas dven i andra
datormiljder.

Programmet &r konstruerat fér att Ldésa ett
optimeringsproblem, dvs hur man ska hitta den billigaste
kombinationen av olika energispar8tgdrder som kan
anbringas i eller p8 ett flerbostadshus. Byggnads8tgarder,
8tgdrder p8 ventilationssystemet och férdndring av
uppvarmningssystem behandlas samtidigt och bista
kombination av dessa berdknas. Den bidsta lédsningen utgdrs
av den med den lLdgsta Llivscykelkostnaden vilken visar
summan av ombyggnads- drift- och underh8llskostnader under
byggnadens antagna Llivstid.

Tio olika vadrmesystem behandlas, dels enklare som vanliga
oljepannor och dels mera komplicerade som bivalenta system
med ol jepanna och vdrmepump. Dessutom kan
tidsdifferentierade taxor fér b8de fjdrrvidrme och el
anvdndas i1 modellen. Vidare optimeras en eventuell
tilldggsisolerings tjocklek, bidsta fénsteralternativ vilijs
ut och tdtnings8tgdrder och eller fr8nlLuftvdrmepumpar
undersdks vad gdller optimal renoveringsstrategi.

I manualen beskrivs ocks8 ett program, skrivet i C, som
anvdnds fér att utréna inverkan av det svenska
bostadsfinansieringsstédet. Ett ytterligare program ger en
grafisk presentation av det sk varaktighetsdiagrammet fér
energianvdndningen i en byggnad. Detta senare program &r
dock speciellt anpassat till IBM PC och nirbeslidktade
datorer och kan didrfér ej anvdndas omedelbart i andra
datorer.

Vidare kan bivalenta system optimeras med en diskret
optimeringsmetod vilken &r speciellt anpassad for
tidsdifferentierade eltaxor. Detta program m8ste dock
anvdndas separat fr8n OPERA men modellen genererar
automatiskt den indatafil som skall anvdndas.

Nyckelord: ROT-8tgédrder, Optimering, Differentierade
taxor, Livscykelkostnader,

Varmepumpar, Instatlations8tgédrder,
Tillaggsisolering



ABSTRACT

This document deals with the OPERA model designed for finding optimal

energy retrofits in existing multi-family buildings.

The model can be implemented in IBM PC:s or compatible computers. The
main program with its subroutines, however, is written in FORTRAN 6 4

and there will only be minor problems if other computers are used.

The program is designed for solving an optimization problem, i.e. to
find the cheapest combination of all the possible retrofits that could
be put into a building. Building retrofits, ventilation retrofits and
heating equipment retrofits are dealt with simultaneously and the
combination with the lowest Life-Cycle Cost, LCC, is elaborated. The
LCC shows the totality of the building costs, the maintenance costs

and the operating costs for the building.

Ten different heating systems are dealt with, e.g. simple ones like
oil-boilers and more complex ones like bivalent oil-boiler heat pump

systems and systems dealing with differential rates.

Insulation measures on the building envelope are optimized as well as
fenestration retrofits. The program also deals with the ventilation
system and calculates if weatherstripping and/or exhaust air heat

pumps are part of the optimal solution.

There is also one program, written in C, which is used for
transferring original OPERA files to files that emulate the influence
of the Swedish subsidy system. The OPERA model, however, had to be

changed on several points in order to handle this file.

Further, one program has been developed for a graphic presentation of
the building energy system. However, this program also written in C,
is closer confined to the IBM PC environment and thus it cannot be

used in other computers without a lot of reprogramming.



Much work has also been sacrificed in order to develop a program for
optimizing the use and sizes of bivalent heating systems. The program,
which uses discrete optimization opposed to OPERA, is written in
FORTRAN and was originally run as a subroutine to the OPERA model. In
the present version, the discrete optimization program is run
separately from OPERA and only one input file is elaborated in the
OPERA session.

KEYWORDS: Retrofits, Buildings, Optimization, Installation, Heat
pumps, Insulation, Windows, Weatherstripping, Heating

systems.



