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Overview

The increasing concern about climate change as well as the expected direct environmental economic impacts of global warming will put considerable constraints on the US building sector, which consumes roughly 48% of the total primary energy making it the biggest single source of CO2 emissions. It is obvious that the battle against climate change can only be won by considering innovative building approaches and consumer behaviors and bringing new, effective low carbon technologies to the building / consumer market. However, the limited time given to mitigate climate change is unforgiving to misled research and / or policy. This is the reason why Lawrence Berkeley National Lab is working on an open source long range Stochastic Lite Building Module (SLBM) to estimate the impact of different policies and consumer behavior on the market penetration of low carbon building technologies. It is designed to be a fast running, user-friendly model that analysts can readily run and modify in its entirety through a visual interface. The tool is fundamentally an engineering-economic model with technology adoption decisions based on cost and energy performance characteristics of competing technologies. It also incorporates consumer preferences and passive building systems as well as interactions between technologies (such as internal heat gains). Furthermore, everything is based on service demand, e.g. a certain temperature or luminous intensity, instead of energy intensities. The core objectives of this presentation are to demonstrate the practical approach used, to start a discussion process between relevant stakeholders and to build collaborations.

Methods

The work presented in this paper is part of the ongoing development of the Stochastic Energy Deployment System (SEDS), which follows a long history of modeling in support of planning and budgetary activities at the U.S. Department of Energy (USDOE). SEDS was commissioned to better support management, research direction, and budgetary decision-making for future R&D efforts. Specifically, it will be used to comply with the Government Performance Results Act of 1993 (GPRA), which requires federal government agencies, including USDOE, to predict and track the results of their programs and report them as a part of their obligations to the U.S. Congress.

The architecture of SEDS is that all energy producing and consuming activities in the US economy are modeled using a set of interconnected modules representing the key sectors, where the inputs to one module are the outputs from others (SEDS, 2009). Planned or existing SEDS modules are currently called Macroeconomic Activity, World Oil, Coal, Natural Gas, Renewable Fuels, Liquid Fuels, Transmission, Electricity, Industry, Buildings, and Transportation. In this presentation we focus on the Stochastic Lite Building Module (SLBM), which focuses on the US building sector (see also Marnay, 2008, 2008b).

The residential and commercial sectors in the SLBM can be thought of as a series of stock models running in parallel that track equipment characteristics and market share as time progresses. The stock of equipment required is determined by the overall demand for its services, e.g. lum∙h/a. At each time step, a series of calculations are performed that take input macroeconomic data, e.g. GDP, POP and fuel prices and output estimates of fuel consumption requirements for provision of a set of building services, i.e. lighting, DHW, ventilation, refrigeration, other loads, heating, and cooling. 

The total demand for floorspace for residential and commercial buildings is forecasted using a simple linear multivariate econometric regression model with the following independent variables: GDP, population, a time lag, and disposal personal income (DPI). Then, a building stock model determines required new construction at each time step to meet floorspace demand. The floorspace stock model also tracks demolition based on average building lifetimes (EIA, 2007). Next, the current floorspace is multiplied through by the expected service demand intensities to arrive at the total raw service demands. In the case of heating and cooling, floorspace is disaggregated by climate region so that heating and cooling degree days (HDD & CDD) can serve as appropriate service intensities. The total raw service demands are adjusted for the influence of passive technologies, such as insulation and daylighting, as well as other mitigating factors, such as internal heat gains and infiltration. Finally, the residual service demands are passed on to specific stock models as these must be met by active, i.e. fuel consuming, technologies. Every service-specific stock model tracks the amount of each technology available at each time step considering retirements, and calculates how much new equipment will be needed. The amount of each type of new equipment put into service is determined by an engineering-economic calculation using a logit function to determine market shares. Fuel type, efficiency, and technology market share are then used to determine total fuel consumption. Finally, fuel consumption is then offset by on-site generation, e.g. PV. After the sequence defined above has been executed for each time step, the projections of floorspace, service demands, technology market share and quantities, energy consumption and fuel use are available for examination and interpretation; however, if any of the macroeconomic or other inputs are based on a probabilistic distribution rather than scalar values, the model runs multiple times with Monte Carlo draws.

Results

Stochastic results for the PV as well as lighting technology penetration in the commercial and residential sector are shown. Lighting focuses on the likelihood of future Light Emitting Diodes (LED) success at different levels of R&D funding. Program success will be measured in terms of 1) achieving technology performance goals; 2) consumer technology adoption; and 3) potential energy savings. We incorporate the results of an expert elicitation performed by the USDOE on expected LED technology as well as PV performance and adoption at different R&D funding levels. These expert elicitations constitute investment cost, efficiency distributions, etc. for every assessed technology and year. Based on that stochastic input SLBM finds mean values, mid values, standard deviations, etc. for the technology penetration as well as CO2 emissions by 2050.

Conclusions

Anticipating how current R&D should be directed to robustly meet the climate change challenge, especially given wide uncertainty about our evolving energy system, creates a formidable modeling challenge. USDOE is attempting to respond through the creation of an uncertainty based forecasting tool, SEDS. The buildings aspect of this tool will be a mixture of innovation and tradition. The goal is to represent decision-making such that active, passive, and on-site energy conversion options are evenhandedly considered in a way that might allow for radical rethinking of building design, and therefore, R&D objectives and investments. Since, we are living in a world that is currently rapidly changing the prediction of future energy systems is a challenging task as shown by the SLBM results. For example the Impact of the Energy Independence and Security Act of 2007 in residential lighting demand projections can show almost a 50% reduction compared to the forecast without consideration of the Security Act of 2007. 
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