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Overview

The U.S. Department of Energy has launched the zero-net-energy commercial building initiative (CBI) in order to develop commercial buildings that produce as much energy as they use. Its objective is to make these buildings marketable by 2025 such that they minimize their energy use through cutting-edge, energy-efficient technologies and meet their remaining energy needs through on-site renewable energy generation. We examine how such buildings may be implemented within the context of a cost minimizing microgrid that is able to adopt and operate various smart energy technologies, such as thermal and photovoltaic (PV) on-site generation, heat exchangers, solar thermal collectors, absorption chillers, and passive/demand-response technologies. We use a mixed-integer linear program (MILP) that has the minimization of its annual energy costs as objective. The MILP’s constraints ensure energy balance and capacity limits. In addition, constraining the building’s energy consumed to equal its energy exports enables us to explore how energy sales and demand-response measures may enable compliance with the CBI. Using commercial test sites in northern California with existing tariff rates and technology data, we find that a zero-net-energy building (ZNEB) requires ample PV capacity installed to ensure electricity sales during the day. This is complemented by investment in energy-efficient combined heat and power (CHP) equipment, while demand response shaves energy consumption. A large amount of storage is also adopted, which may be impractical. Nevertheless, the holistic DER-CAM approach shows the nature of the solutions and costs necessary to achieve a ZNEB. 

Methods

The Distributed Energy Resources - Customer Adoption Model (DER-CAM) (Stadler et al. (2008) and Siddiqui (2007)) is a mixed-integer linear program (MILP) written and executed in the General Algebraic Modeling System (GAMS). Its objective is to minimize the annual costs or CO2 emissions for providing energy services to the modeled site, including utility electricity and natural gas purchases, amortized capital and maintenance costs for distributed generation (DG) investments. The approach is fully technology-neutral and can include energy purchases, on-site conversion, both electrical and thermal on-site renewable harvesting, storage systems, and end-use efficiency investments. Furthermore, the system choice considers the simultaneity of the building cooling problem; that is, results reflect the benefit of displacement of electricity demand by heat-activated cooling that lowers building peak load and, therefore, the generation requirement.

Site-specific inputs to the model are end-use energy loads, electricity and natural gas tariff structure and rates, and DG investment options. The following technologies are currently considered in the DER-CAM model:

· natural gas-fired reciprocating engines, gas turbines, microturbines, and fuel cells;

· photovoltaics and solar thermal collectors;

· electrical storage, flow batteries, and heat storage;

· heat exchangers for application of solar thermal and recovered heat to end-use loads; 

· direct-fired natural gas chillers; 

· heat-driven absorption chillers; and 

· efficiency measures / demand reduction measures that directly influence the load.

Available energy inputs to the site are solar insolation, utility electricity, utility natural gas, biofuels, and geothermal heat. For a given site, DER-CAM selects the economically or environmental optimal combination of utility electricity purchase, on-site generation, storage and cooling equipment, required to meet the site’s end-use loads at each time step.

Two major features are currently under design and preliminary results are shown in this paper. To make DER-CAM more complete and holistic a demand-side-management (DSM) module is currently under design. The end uses can be directly influenced by efficiency measures and demand reduction measures. The second new feature is the ZNEB constraint, which forces the building to sell the same amount of energy as it purchases (Marnay (2008)). Optimal combinations of equipment involving PV, thermal generation with heat recovery, thermal heat collection, heat-activated cooling, and DSM can be identified in a way that would be intractable by trial-and-error enumeration of possible combinations. The economics of storage are particularly complex, both because they require optimization across multiple time steps and because of the influence of tariff structures (on-peak, off-peak, and demand charges) (Stadler (2008b)). The outputs of DER-CAM include the optimal DG, DSM and storage adoption and an hourly operating schedule, as well as the resulting costs, fuel consumption, and CO2 emissions.

Results

Considering DG with / without CHP, storage systems, DSM as well as the ZNEB constraint within DER-CAM we show the optimal technology adoption for a nursing home in the San Francisco Bay Area to comply with the CBI. At current technology costs the CA nursing home example shows 85% increased annual energy costs compared to the base case without any investments in DG, e.g. PV or CHP. The reason for these tremendous energy costs is the installation of a huge PV system to create the energy independence, which is reached by electricity sales during the day when the sun is out. However, annual CO2 emissions can be reduced by 56%. Additionally, preliminary results indicate that ZNEB are not possible without investments in DSM.

Conclusions

The ongoing deregulation of the energy sector and concerns about climate change are providing incentives for small-scale, on-site generation with CHP applications and energy storage to become more attractive to commercial investors. Via DER-CAM, we are able to model a typical commercial entity’s DER investment and operation problem as a MILP that takes data on market prices, technology characteristics, end-use loads, and regulatory rules as inputs. Although the perspective of DER-CAM is that of a small user, it may be employed to examine the effects of wider energy policies, such carbon taxes and energy efficiency requirements. We use DER-CAM to illustrate how the CBI’s ZNEB requirement may be implemented. We constrain the commercial entity to sell as much energy as it purchases, which results in adoption of PV panels, solar thermal equipment, and storage systems. Consequently, natural gas purchases for heating purposes are driven to near zero, while electricity purchases from the utility are significantly offset by sales back to the grid and DSM for reducing consumption. On the other hand, the energy bill soars due to the adoption of costly equipment, although subsidies on these renewable energy and storage technologies would make ZNEB attainable at a modest increase (or even decrease) in the energy bill. However, due to the tremendous subsidies necessary to bring the costs for PV and batteries down, the effective cost of carbon emissions reduction for the nursing home is $950/tC, which does not compare well with the current price of carbon at the EEX in Germany of $150/tC.
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