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power grid, as well as to consumer interactions in
intermittently connected devices and storage.

Abstract

1.1. The Information Gap
We do not make effective decisions about things we do not
understand. Deep process information only makes sense
experts within the domain of that process. Facilities owners
and operators are unable to make decisions based upon the
details of building control systems.

Process oriented integration of the power grid will be unable
to scale out to support future diversity of systems and
interactions. The approaches of service oriented architecture
(SOA), applied to the processes in buildings and in the
power grid, as well as to consumer interactions in
intermittently connected devices and storage, provide a way
around this barrier to smart integration.
Service oriented coordination of building services will open
up new avenues for energy re-allocation and conservation.
Service orientation deals with the diversity of building
systems while providing the building owner/operator with
new understanding of the costs and benefits of controlling
power use.
The service oriented grid (SOG) must apply the same
approaches to its own interfaces. Building-grid interactions
must move past mere availability and consumption to
include cost, quality, and projected reliability. On-site and
microgrid energy sources will use the same surfaces as do
grid-based sources.
Many hope that electric cars and their batteries will be a
means to peak shaving and demand smoothing. Cars could
instead increase demand volatility. A common vocabulary
for the acquisition, storage, and use of power is needed for
use by drivers, automobile producers, and the grid.
Ontologies naming building-based and grid-based services
will enable applications for enterprise and consumer. The
SOG will use them to enable technical and business
innovation.
SEMANTIC MISMATCH BETWEEN
BUILDINGS AND ENERGY
Process oriented integration of the power grid will be unable
to scale out to support future diversity of systems and
interactions. The approaches of service oriented architecture
(SOA), applied to the processes in buildings and in the

Control system integration has traditionally been detail
oriented and process specific. Control system performance
is usually described in terms of process results or code
compliance. Code compliance reporting leads only to
minimum results, ones that the decision maker cannot optout of. Process outcomes are typically expressed in technical
results that do not map easily to business goals. For
example, HVAC CFM is not easily mapped to business
goals such as Tenant Satisfaction and Lease Retention
Because of the information mismatch, building decision
makers are not able to make decisions to produce maximum
response to economic signals such as Demand / Response.
This leaves engineers to design minimal responses with the
goal that the tenant does not notice.
1.2. The Engineers Perspective
Building operations are described in procedural or
algorithmic terms. Information is siloed so there may be no
direct way to measure performance; systems traditionally
report only their internal metrics. These metrics are likely to
be reports of measurable physical qualities, free of business
context.
Examples are reporting air conditioning performance in
terms of CFM of air or battery status in terms of crystal
degradation.

1.
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1.3. The Building Owners Perspective
To the facility manager or leasing agent, service curtailment
can only have bad results. Customer Complaints will
increase, A tenant may not renew a lease. A single month of
vacancy coupled with between-tenant renovations could
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easily swamp the benefit of demand-response during the
year. It is better not to take a risk.
1.4. The Building Tenant’s Perspective
Sustainable operations have value only as tie-breaker
between equivalent properties. There is no way to see or to
understand building system operations on a daily basis.
Without a way to audit performance of buildings, my
comfort right now is the only effective measure of
competent operations.
2.

DEVELOPING BEST PRACTICES IN
ADJACENT DOMAINS
Service and Service Alignment are the key concepts in IT
systems integration and in facilities design. In either case,
best practices are to define the service deliverables expected
from each system and not the techniques and technologies to
deliver the service.
Once the service is agreed upon, then one can define useful
metrics as to how well that service is delivered.
Measurements that are incidental to that service delivery are
not interesting those procuring the service. Alternative
technologies and approaches that deliver those new metrics
become acceptable alternative, spurring innovation.
The entity with the domain expertise to create, maintain, and
evolve a given capability may not have the expertise or the
desire to create, maintain, and evolve its service access.
Visibility, interaction, and effect define the service.
2.1.1. Service Orientation: the IT Perspective
Service Oriented Architecture (SOA) is a paradigm for
organizing and utilizing distributed capabilities that may be
under the control of different ownership domains.
Capabilities to solve or support a solution for the problems
they face in the course of their business. SOA provides a
powerful framework for matching needs and capabilities
and for combining capabilities to address those needs.
Visibility, interaction, and effect are key concepts in SOA.
Visibility refers to the capacity for those with needs and
those with capabilities to be able to see each other. This is
typically done by providing descriptions for such aspects as
functions and technical requirements, related constraints and
policies, and mechanisms for access or response. The
descriptions need to be in a form (or can be transformed to a
form) in which their syntax and semantics are widely
accessible and understandable. Whereas visibility introduces
the possibilities for matching needs to capabilities (and vice
versa), interaction is the activity of using a capability.
SOA practitioners distinguish between public actions and
private actions. Private actions are inherently unknowable
by other parties. Public actions result in changes to the states
that are shared between at least those involved in the current
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execution context. Real world effects are couched in terms
of changes to this shared state. A cornerstone of SOA is that
capabilities can be used without needing to know all the
details.
SOA is not itself a solution to domain problems but rather
an organizing and delivery paradigm that enables one to get
more value from use both of capabilities which are locally
“owned” and those under the control of others. Although
SOA is commonly implemented using Web services,
services can be made visible, support interaction, and
generate effects through other implementation strategies
2.1.2. BIM: Enabling Owner Participation
Building Design approaches and business models are being
re-written using the standards-based Building Information
Model (BIM). BIM can include all information related to
the design, procurement, and operation of a building,
including the three dimensional Building Model. In the
U.S., BIM as been codified in the National BIM standard
(NBIMS). Internationally there is an effort to adopt NBIMS
operating as buildingSmart. BuildingSmart is a
transformative peer organization whose goals, scope, and
reach can be compared to GridWise.
A core value of buildingSmart is granting authority to the
Owner of a building to make design decisions by expressing
them in terms of business deliverable early in the design
process. For example, when reviewing the three dimensional
rendering of alternate building design options, the owner
can directly compare projected costs per square foot and net
leasable space for each. This changes design selection into
esthetics, capitalization, and revenue, and puts the business
decision maker in charge.
BIM has many other benefits, especially in the areas of
construction planning and process, but those are outside the
scope of this article.
Today’s BIM lacks any language to unambiguously discuss
the desired system performance of a building. Building
system performance relies on knowledge sets that are not
possessed by most architectural firms. This has negative
effects on commissioning and operations. This also
precludes the owner from specifying and obtaining the same
level of control over building operations as over the other
design criteria.
3.

ONTOLOGIES AND SEMANTIC
DEVELOPMENT
If we cannot agree what to call it, we cannot compare
services to provide it; semantics are an essential part of
SOA. For the grid, semantic alignment will open up
interoperability without locking in technology. When people
can name it, then they can buy it on an open market.
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But the intelligent grid will require intelligent partners. We
must develop business and tenant oriented semantics for
building services in parallel with the grid efforts to enable
full interoperable responsiveness on both sides of the meter.
3.1. Grid Semantics
Availability, price, and consumption are essential
components for any service. For any but the least interesting
markets to develop, the semantic interface needs to allow
for more meaning:
Capability & Reliability: Capacity / Capability /
Availability (including time windows) / Anticipated
Reliability / Marginal Price
Market Operations: Power Use curves, Negotiation &
Contracts, Offer and Acceptance, Scheduling options,
Periodic price curves. Settlement. Contracted Curtailment
DR
Multi-party & Mobile transactions: PHEV, Non-Utility
vendors, identity, transactional charge override
Tariffs: Distance charges, transmission, carbon taxes…
Attributes & Amenities: Carbon, Wildlife, Location…
Optional attributes for later definition and market building.
3.2. Building Semantics
Buildings are occupied by different enterprises each with its
own values. There will not be common ontology for all of
them.
Efforts are underway in the building areas, particularly in
the buildingSmart process, to define value semantics for
owners and tenants. These standards are defining the
services provided by building-based systems and creating a
semantic of service performance.
To a business, an ontology is a business value proposition;
each business has its own. The common semantics defined
as above create a common way to discuss that proposition,
and to elevate the quality of those services into core
business concerns...and that which a business can name and
measure, it will control.
Building-based ontologies, though, will not be brought to
the grid. They are domain specific. Building-side semantics
are used to bring internal energy use under management and
control.
Buildings will use the demand side of the grid semantic
interface. Capacity / Capability / Availability become
market demand. Market Operations become symmetrical
negotiations. Multi-party & Mobile transaction become
federated identity management. Attributes & Amenities
support the businesses internal ontology. These semantics
will enable the Service Oriented Building (SOB).
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3.3. Cross-over semantics
Zero net energy buildings are buildings that manage internal
generation, storage, conversion, and recycling of energy.
Zero net energy buildings will use diverse site-appropriate
technologies to accomplish these ends. Zero net energy
buildings will require internal interoperability standards and
support internal energy negotiations.
The principle of parsimony suggests that at least some of
these negotiations can best be performed using the
semantics or energy scarcity and value, of supply and
distribution for these internal negotiations.
3.4. Plug-In Cars, Hybrid and Otherwise
Many hope that electric cars and their batteries will be a
means to peak shaving and demand smoothing. Cars
without management are more likely to increase demands
on the home, office, and local distribution.
Drivers, automobile producers, and the grid require a
common vocabulary for the acquisition, storage, and use of
power. There is no need for this vocabulary to be different
than that outlined above as the cross-over semantics for
buildings.
4. CONCLUSION
Future energy technology will place more technical
diversity than today in closer interaction. Process oriented
integration of the power grid will be unable to scale out to
support such diversity of systems and interactions. Service
level integration will be applied to both the processes in
buildings and in the power grid and to consumer
interactions and intermittently connected devices.
Service oriented coordination of building services will open
up new avenues for energy re-allocation and conservation.
Service orientation deals with the diversity of building
systems while providing the building owner/operator with
new approaches to controlling power use.
The SOG will apply the same approaches to its own
interfaces, those between Generation, Transmission,
Distribution,
and
Consumption.
Building-grid
communications will move past mere availability and
consumption to include cost, quality, and projected
reliability. On-site and microgrid energy sources will use the
same surfaces as do grid-based sources.
Service based integration is the way to expand intelligence
and interaction of the grid and its end-nodes. Service
definitions will prevent integrations from becoming enmired
in atomic interactions. Ontologies naming building-based
and grid-based services will enable applications for
enterprise and consumer. The SOG and the SOB will limit
complexity to enable technical and business innovation.
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