ENERGY ANALYSIS SOFTWARE

The following are some of my personal views about the use of building energy analysis programs on large and complex building projects. It focuses on the approximate nature of energy analysis relative to the total building design process at A-E design firms such as SOM.  Building types include multi-use office building complexes that include retail, high-rise hotels and residential buildings, airport terminals, convention centers, performing arts centers, large shopping malls, multiple buildings on a university campus or city district, hospitals, etc.  The views below are also approximate and not all of them may be valid or accurate and some may be questionable but I hope it will contribute to the discussions at the ASHRAE TC 4.7 meeting this month in Kansas City.
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Approximations in Energy Analysis

Some of the critical building simulation parameters that affect the bottom line results of energy analysis and life cycle cost analysis by computer programs are approximate.  However, approximation is acceptable since energy programs are used to compare and select alternatives during the preliminary and schematic design phases of a project.  This was true until energy codes, such as the Chicago Energy Code, were introduced which expect compliance before submitting construction documents also.  The decisions from the early design phases are then applied to the rest of the design process without major changes.  These approximate features of energy analysis include the following.

Design criteria (indoor conditions, lighting, receptacles & occupancy densities, ventilation & extract air rates, etc.) for indoor spaces. ASHRAE and other standards do not cover all types of spaces in different types of buildings. 

Hourly operating profiles/schedules for different types of spaces, systems and plants in different types of buildings, in different locations in the world.   The actual operating conditions of a particular building will vary from day to day and will be different for two identical buildings that are next to each other.  We have to use our experience, judgement and knowledge of local conditions to determine the operating schedules for the proposed new building. 

Winter through summer infiltration (varies with season and outdoor temperatures) into pressurized (systems on during occupied hours) and non-pressurized (systems off when unoccupied) spaces with different envelope and construction qualities in different parts of the world under different and varying wind conditions.  Ventilation (from design criteria), pressurization and infiltration affect each other and they are major factors that affect the bottom line results from energy analysis programs.

Hourly weather data that does not get repeated exactly every year.

Information used in the Life Cycle Cost Analysis (LCCA) to compare alternatives.  Besides energy costs, they include first costs; operating & maintenance costs; life of each equipment component; replacement costs; and interest, inflation and fuel escalation rates over the period of analysis which could be up to 30 years.

Energy consuming processes in commercial buildings that are typically not included in the analysis such elevators, escalators, elevator machine room conditioning, enclosed parking ventilation, numerous exhaust fans and special process loads, etc.  This omission affects the energy use results and also the energy demand costs in the analysis.  

Based on current practice, experience, judgement and common sense, engineers usually know what type of systems and plants are appropriate for the given project.  If the energy analysis does not produce the expected results then the initial estimates for design criteria, schedules, infiltration rate and assumptions of future economic factors have to be scrutinized and sometimes adjusted to produce acceptable results. 

Reliability and maintainability of the equipment and reliability and quality of construction and operation labor at the building project location.  So the results of energy analysis and LCCA are not always automatically accepted and there are several other factors that determine the final decisions.  These other factors, together with the results of the energy analysis and LCCA are further analyzed with a point system evaluation matrix.  The weights applied to each factor (energy, costs, reliability, parts and labor availability, etc) depends on the type of project and project location.

The time allowed for building energy analysis during the Architectural-Engineering (A-E) design process (at offices like SOM with large building projects) is a few man-days (about two weeks for a one million square feet building) out of the Mechanical-Electrical (M-E) design process which can consist of several man-years. There is no separate budget or fee for energy analysis and at firms like SOM it is considered part of M-E schematic design.  This situation has changed because of energy codes that require compliance when submitting construction documents also.

Energy Programs

Given the approximate nature of the energy and life cycle cost analysis process as a whole, the following features of energy programs are not critical and in some cases they can be obstacles to using the program on large and complex building projects.  Energy programs should therefore be flexible enough to allow different levels of modeling and simulation from simple to detailed analysis to satisfy the needs of different types and phases of projects 
Creating 3D graphical models of the building is not practical at present for large and complex projects.  Engineers are not going to take the two dimensional drawings of architectural plans and elevations, that are continuously changing during design, particularly at the last minute, and create perfect three dimensional models of the building just to enter it as input to an energy program.  The tools for 3D integrated A-E design of building projects might be available today but it is still not realistic in terms of design cost, submitting construction drawings for bids, and using staff that will design and draft (computer drafting duties and design, interdisciplinary coordination & management duties are handled by two different types of personnel at A-E offices today).

Architects and engineers think of spaces in terms of dimensions, areas and volumes and surfaces in terms of dimensions, areas, azimuth angles and tilt angles. Distances are visualized as being relative to each other (above the floor or ceiling, under the beam, from the wall and exit stairs, etc.) and not as x,y,z coordinates from a single origin.  Not all spaces and surfaces are included in the energy analysis and scattered sections of a floor plan can be omitted and we want the option of entering the remaining spaces in any order and not all with precise data.  So defining the building and it's objects with three dimensional coordinates is not critical at the present time.. It can be justified in determining the effect of shadows from adjacent buildings.  Day-lighting can also be approximated from window dimensions and the location of the light sensor.  Ignoring the inside surfaces produces more conservative day-lighting results (less energy saved) which is acceptable.

Some energy programs do not allow walls, roofs and windows to be defined with just U-values and shading coefficients. The envelope, including windows, have to be defined with materials and layers of materials.  Properties are assigned to materials in the program. In Energy-Plus, areas, dimensions, azimuths and tilt angles are obtained from the coordinate system.  For large building projects, the internal loads are more significant than the envelope.  U-values for walls and roofs with a time lag of 1, 2 and 3 hours for light, medium, and heavy construction and U-values and SC for windows are accurate enough for such projects.  Engineers can relate better to such information and they have more confidence in the results.  In the case of high-rise buildings, roofs have almost no significance.   The top floor is usually a mechanical floor and the roof is covered with cooling towers and other equipment.

The heat balance method for heat gains through walls and roofs in Energy-Plus provides theoretically more accurate results compared to the older transfer function and still older TETD methods.  Shorter time intervals for analysis, such as 10 minute intervals, increase the accuracy.  This is fine provided it does not add to the program execution time; the time to find, prepare and input the data; and the time to check the output to make sure that the building was described correctly in the input.  One of the problems of using large complex programs is that the user can inadvertently enter the wrong data and a senior project engineer usually checks the input and output reports to make sure the program was used correctly.  It is easy to check U values.

Engineers in practice have more confidence in rule of thumb methods for infiltration, such as cfm/ft2 of window/wall areas or cfm/ft of window perimeter, instead of theoretical mathematical models. When we use the DOE2 program at SOM we check the winter envelope heat transmission losses with the infiltration losses.  If infiltration looks relatively high then we adjust the infiltration rate input. Detailed, theoretical mathematical modeling of building envelope performance is not always significant relative to the total energy analysis picture and the simpler methods should also be offered.  Such detailed theoretical modeling is necessary in research and will eventually affect practice once they become easy to use (the difficulty is readily available input information).  Detailed and accurate modeling and simulation of equipment, systems, plants and control strategies are important in the analysis.  

The Energy-Plus program expects the equipment of each air system to be defined with ductwork nodes, splitters, branches, etc.  The same is true of piping distribution to the system and plant equipment.  This is not practical in the case of large building projects with numerous systems.  Ductwork and piping programs are not popular in M-E offices because it is time consuming and the results are subject to judgement and experience.  Fan static pressure is mainly due to air system equipment and not ductwork.  Piping losses can increase considerably with age.  The purpose of this feature I presume is to allow private developers to create their own systems and plant configurations and to make variations to the standard schemes.  The DOE2 method of defining the different types of systems and plants with schematic drawings and describing the processes in the documentation is more practical and easier to use.

Utility rate analysis is critical to the energy study. We use this feature in DOE2 on all projects to compare alternative envelope, systems and plant options.  It is easier to relate to costs than BTUs. The client is interested in energy costs.  Decisions are based on costs besides the reliability and suitability of systems and plant.  Old systems and plant types have to be included for retrofit analysis.  Demand cost analysis is part of the hourly loads, systems and plant analysis and it should not be a separate third party attachment as proposed for the Energy-Plus program by DOE.
The DOE2 program is not designed to identify and specify all energy consuming equipment as shown on schedules and riser diagrams of schematic mechanical and electrical drawings. This includes elevators, escalators, elevator machine room conditioning, stair pressurization fans, several types of exhaust fans, underground parking ventilation, etc.  The energy usage and cost results from the program are therefore partial.  The omission makes demand costs incorrect and affects design control strategies.  For our records, it should be possible to identify each of the energy consuming miscellaneous equipment with a name, and assign design loads and operating schedules.  The input to determine the design load for fans and pumps should be flow (cfm or gpm) and system head (inches or feet).  For most other processes it could be KW.  A schedule has to be associated with the each equipment and system. 
Until recently energy programs were used during the conceptual and schematic phases of the project.  We are now expected to perform a final analysis before submitting construction documents in order to show code compliance.  The loads module of energy programs must therefore now be as detailed as that of a loads design program.  The DOE2 and Energy-Plus programs do not go to this level.  The level of detail for spaces in construction documents include corridors, toilets and electrical closets.  An important difference between loads and energy analysis is that in a loads program a zone consists of several rooms controlled by a thermostat in one of the rooms.  The conditions in the other spaces are allowed to float.  The program should determine the resulting conditions in the spaces without the thermostat.  The loads module of energy programs should determine the supply, return, exhaust and transfer air quantities to each space and maintain the required relative pressures between the spaces as required by hospitals.

The Energy-Plus program creates a full model of the building with the building's energy consuming M-E processes, and does a simultaneous real-time dynamic analysis of all the spaces and processes in the building.  So the calculated space conditions are theoretically and mathematically the actual expected conditions for that hour.  This provides critical information when analyzing adjacent spaces with very different conditions and processes.  DOE2 and other energy programs are segmented and, when analyzing one space, the other space conditions are assumed to be at the design criteria values entered as input.  Engineers are comfortable with the DOE2 method since it analyzes spaces by assuming that the expected design criteria conditions are maintained in adjacent spaces.  This level of accuracy is acceptable for most commercial projects.  Spaces in DOE2 can therefore be analyzed in sequence and the program execution time is small compared to Energy-Plus.

Given the approximate nature of energy analysis, important energy saving schemes that are missing from DOE2.1E should be added with simple temporary solutions.  This includes light shelves, photo-voltaics, solar collectors, under floor air distribution (UFAD), occupancy based ventilation using CO2 sensors in the return air, underground heat pipes, central chiller plant ground water heat pumps, etc.

A temporary solution for PV panels would be to assume that 8% to 15%  (user input) of the direct component of the solar radiation on the panel per year can be converted to low voltage electricity.  In the case of UFAD assume that the desired indoor conditions are maintained for the space volume up to 7 feet above the floor and the volume above this level can be ignored.  So the average space temperature is higher than the required design space temperature.  ASHRAE Std62 also allows lower ventilation rates for UFAD.  Demand ventilation can be simulated by applying the occupancy schedule to the peak design ventilation requirement.  In a VAV system with demand ventilation, the supply air and outdoor air can vary independently.  Since light shelves cannot be simulated in DOE2, we presently deduct about 5% from the total lighting energy per year in the case of office buildings that operate mainly during the day.

Besides libraries for building materials, composite roof/wall/window constructions, and schedules, the program needs libraries of (a) space, systems and plant design criteria; (b) utility rates, and (c) building envelope, systems and plant first and maintenance costs on the basis of building floor area, and/or systems flow quantities and energy use.  ASHRAE Standards do not cover many types of spaces in different types of buildings.  Means Cost Data and cost estimating programs used by contractors are not suitable for energy analysis and LCCA in A-E design offices.  

The DOE2 program does not allow the creation of duplicate systems using the "LIKE" and "EXCEPT" keywords.  This limitation makes it difficult and tedious to add decentralized floor by floor air-handling units (sometimes two or more per floor) in a high rise building.  The outdoor air supply to these decentralized units could be direct to each unit or ducted to all units from a separate common outdoor air system located in the mechanical room.  There are several other systems and plant modeling limitations of DOE2.1E that need to be added.  

For example, hotel and apartment building rooms can be served by  (a) perimeter fan coil units, baseboard heating (this should be a separate system in DOE2), radiant panels or water source heat pumps, (b) outdoor air supply system, and (c) toilet, kitchen and laundry exhausts with exhaust to outdoor air heat recovery.  In DOE2, a zone can be served by only one system.  A zone served by a fan-coil unit system therefore requires an outdoor air system to supply air to some other zone and then have it transferred to the fan-coil unit zone.  DOE2 requires combining all the exhaust systems into a single composite system.  It should be possible to identify and schedule (a) exhaust systems for electrical, telecom and janitors closets and (b) stair pressurization systems as shown on schematic design riser diagrams and equipment schedules.  Underground parking is ventilated by supply and exhaust fans without heating.  The nearest option to this in DOE2 is a heating and ventilating system.

The Future of Energy Programs

Energy program development cost is insignificant relative to the energy it can save during the building life cycle.  The cost of using the program is insignificant relative to developing and maintaining the program.  However, the time and budget allocated for energy analysis at design firms is also insignificant or none relative to the total A-E design process and cost.  A-E firms tend to consider this task an additional service and cost since it was not provided previously when there were no energy codes or standards to comply with.  Clients have to be willing to pay a separate fee for this important study.  The cost can be recovered in less than a year (perhaps a few days) through energy savings.
Some neutral organization has to be responsible for defining and creating the structure and interactive processes that integrates the programs, products and processes from all segments of the building industry to work efficiently together.  The organization would stop short of developing any source code.  This would be equivalent to setting ASHRAE standards, design guidelines and technical literature to support the industry.

The proposed organization should look at the total picture of how architects, engineers, manufacturers (of building envelope products and the numerous types of equipment that consume energy), controls engineers, facilities engineers, contractors, energy auditors, energy service companies, and utility companies would use energy programs. The group should define the highway system linking all these specialized and fragmented segments of the building industry.  A detailed plan, design, program structure, modules and specifications should be published for review and comment from the industry.  There can be several alternative paths in such a plan and the process would be on-going.  The scope of this master plan, which should be updated every year, should stretch 5, 10 and 20 years into the future. 

The group should develop a new Building Description Language (BDL) with a vocabulary along the lines of DOE2 and a syntax that resembles Fortran.  The alternative methods of entering input should include BDL only, input forms only, and a combination of BDL, input forms and graphics.  The Fortran code should use the same variable names as the object names used in the BDL, the input form headers and output report headers. This will make it easier for users who are not software experts to add their own functions to the BDL and also directly into the Fortran code.  A program that covers everybody's requirements is not practical and such a program can look very confusing and difficult, particularly to beginner users.  Research institutions and doctoral candidates need an open public domain program that they can modify or add features to.  Being able to add BDL functions in DOE2 was a great benefit although this feature does not appear to be well developed or planned.

The group should study the energy codes and standards that commercial users have to comply with.  Energy programs should be developed to check for compliance.  This includes ASHRAE 90.1, California Energy Commissions (CEC) Title 24, the Chicago Energy Code, the International Energy Conservation Codes, Title 10 Code of Federal Regulations Parts 434-436, the energy codes of Florida, New York, Minnesota, etc., and check for energy compliance for LEED certification by the US Green Building Council (USGBC). The program output reports should document whether the project has complied with a particular code.
Future energy programs should consider how the codes, standards and other regulations affect the bigger picture of district energy supply, district heating and cooling and co-generation plants within buildings. Although such arrangements might be difficult to achieve politically when the buildings are independently owned as in a city district because of the number of players involved (not the case with university campuses), the energy savings can be considerable.  It is difficult to sell this concept without analytical tools to prove the benefits.  So the plan and structure of future energy programs developed by the group should consider modeling site plants in detail such as university campuses and regional energy distribution systems so that utility companies and building owners can evaluate and compare the economics of using central plant for the buildings, local plants within each building, co-generation plants or using all purchased energy. 

The group should establish standard formats for libraries for building materials, composite roof/wall/window constructions, schedules, space, systems and plant design criteria, utility rates, building envelope, systems and plant first and maintenance costs.  This will make it easy for several organizations to contribute to these libraries for use by any energy program.  Gathering the information required for energy analysis is presently time consuming.

The formats for databases, types of equations and coefficients for equations that describe the part load performance for all types of equipment that consume energy in buildings should be documented and reviewed by the manufacturers of such equipment and professional institutes, societies and associations such as ARI and AMCA that represent these manufacturers.  They already have standards for test data, and formats for performance catalogs.  

Future energy programs should allow any manufacturer of a type of equipment to interface their proprietary test performance data to the program. The energy program should make it easy to do this.  For example, the user enters (x,y) points on the curve into an input table/form (or % of full design load out versus % of equipment energy in) and the program determines the type of equation and it's coefficients, and displays it graphically. Performance curve graphs and tables are shown in equipment catalogs but not coefficients of equations.  Performance test data from equipment manufacturers have to be used today to show energy cost budget performance compliance with energy codes and standards when submitting construction documents.

Future energy programs should be organized so that various segments in the building industry can add their specialized modules to the main program to meet their specific project objectives and be able to exchange information with other segments added by other developers throughout the building life-cycle process.  As an alternative to generic equipment performance simulation, the program should provide a means for linking with manufacturer's product selection programs.  For example, submit the input from the energy program to the manufacturer's equipment selection program and retrieve and use the output seamlessly.

The scope and structure of energy programs would be designed in detail by the proposed new organization.  There could be several alternative plans, designs and ideas expressed through the organization.  The development of source code would be left to private "for-profit" companies. 
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