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SUBJECT: ZC 12-08- Supplemental Report, Saint Elizabeths East Campus r.r. ::::I: 
Proposed Zoning Text and Map Amendment from Unzoned to the Saint Elizabethf"J 
East (StE) District 

The following are the Office of Planning's responses to requests for additional information made by 
the Zoning Commission at the October 18, 2012 public hearing: 

1. Intermittent streams in ravine. 

During the review for the Transportation Environmental Assessment, an ecological survey 
identified areas on Parcels 13 and 16 as wetlands. However, the assessment did not identify a 
stream at the bottom of the ravine. More detailed assessments will be required for each new 
development along the ravine by District Department of the Environment (DDOE). In addition, 
land dispositions for each development parcel, particularly for ones adjacent to the ravine, will 
include stormwater management as an important goal, to minimize runoff impacts on the ravine. 

2. Cross-section ofRavine 

Attachment 1 shows a cross-section of 13th Street, Parcel6, and ravine. The cross section includes a 
concept drawing of an approximately 90 foot tall building, showing that the slope of the ravine 
would result in approximately 25 to 30 feet of additional building face on the downhill side. The 
drawing also reflects some building sculpting as anticipated by the zoning. This sculpting from the 
ravine could be made a requirement of the zoning regulations, if the Zoning Commission feels this 
is appropriate. 

3. Proposed Height of the FEMA Building on Patce12. 

The DHS Consolidation at St. Elizabeths, Master Plan Amendment: Federal Use Parcel of the East 
Campus, March 30,2012 shows the height of the proposed FEMA building wings would vary in 
relation to their context and the existing topography. The portion of the building that fronts on 
Martin Luther King Jr. A venue would have a maximum height of four stories above existing grade, 
increasing towards the rear of the parcel, near the intersection of Pecan and 13th Street, to up to 9 
stories. Cross sections of the building from Martin Luther King Jr. Avenue and Magnolia Street on 
Parcel 1 are shown on Attachment 2. 
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4. Building form on a sampling of lots 

The Zoning Commission requested a sample of building forms on one of the parcels. OP is in the 
process of having these drawing prepared and will submit them to the Zoning Commission at or 
prior to the November 19 public meeting. 

5. The chapel on Parcel 7. (Attachment 3) 

The chapel was constructed in 1956 and, in addition to religious services, was used for review wide 
range of hospital activities and events. Diverse community activities were also held in the chapel. 
The chapel ceased to be used in approximately 2010, and the building was boarded up. 

The chapel was evaluated as part ofthe St. Elizabeths Hospital National Historic Landmark East 
Campus Survey in March 20 I I and it was determined that the chapel is a non-contributing element 
of the St. Elizabeths Hospital National Historic Landmark as well as a non-contributing element of 
the local St. Elizabeths Hospital Historic District. 

6. Height on Parcels 17 and 18, adjacent to the Congress Heights Metro Station 

The zoning proposed for these sites would permit buildings of70 feet on Parcel 17 and 90 feet on 
Parcel 18. In both cases, the FAR is considerably less than what might be expected for building of 
thi s height, to allow for the provision of open space, lower buildings, or building sculpting. At the 
hearing, there was some concern expressed about the proposed height on these parcels. 

Tile Comprehensive Plan, Future Land Use 
Man 

The Comprehensive Plan Future Land Use 
Map recommends a mixture of medium 
density residential and mediwn density 
commercial for the area around the Congress 
Heights Metro Station, including these two 
parcels (see map). Mediwn density 
residential generally anticipates buildings of 
between 4 and 7 stories while medium 
density commercial anticipates buildings up 
to 8 stories, although some variation in these 
height Jimits is possible. 

The Far Southeast/Southwest Area Element 
in Policy FFS-2.2.4: Deve/opme11t De11sity 
recommends " . . . development densities on 
the site that are compatible with adjacent 
residential neighborhoods and that promote 
new economic development of the site, with 

moderate to medium densities residential and commercial on the site with the higher densities 
clustered in the area closest to the Martin Luther King Jr. Avenue and the Congress Heights 
Metrorail station. ... Areas for high density should include . .. the area surrounding the ravine to 
take advantage of the steep topography to accommodate additional height and density without 
negatively impacting viewsheds." Further, the Plan at Policy FSS-2.4.1: Congress Heights Metro 
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Station recommends the encouragement of mixed use medium density residential and commercial 
development at the Congress Heights Metro Station and that development be "cognizant of the 
adjacent/ower density neighborhood to the west and sou/h." The zoning attempted to balance these 
policy statements by permitting the anticipated height, but limiting permitted densities and lot 
occupancy to allow the siting and bulk of new buildings to better reflect the character of lower 
density areas. 

The Saint Elizabeths Master Plan 
recommends maximwn building heights 
of 6 stories on Parcel 17, or 70 feet as 
recommended for this parcel in zone StE-
17. The Master Plan also includes 
recommended building step-backs, 
including along Alabama A venue, to 
lessen visual impacts on the lower density 
residential area to the south. OP did not 
include these step-backs in the zoning 
regulations, as all developments on the 
site will have Historic Preservation 
Review which would assess any new 
building against its context. However, 
since building massing along Alabama is 

less of a HPRB issue and more of a zoning and neighborhood character issue, OP could draft 
proposed zoning regulations to establish such building step-backs along Alabama A venue if 
requested to do so by the Zoning Commission. 

For Parcel 18, the Metro Station, the Master Plan recommends that "future development be guided 
by the zoning for the sile " . Development should reflect the recommendations for a mix of uses, 
public realm and placemaking, including a step-back along Alaban1a A venue similar to that 
recommended for parcel 17. While the zoning would allow for a building of90 feet, in accordance 
with the Comprehensive Plan and Master Plan, the relatively low permitted density and the lot 
occupancy limit of75% are intended to provide for public realm space and building bulk sculpting 
opportunities. 

Attaclunent 4 shows a crosssection of the Metro Station and the buildings across Alabama Avenue. 

7. Engineering Report on Co-generation 

Attachment 5 is a copy of the draft St Elizabeths East Campus District Energy Concept Feasibility 
Study. 

8. Limitations on § 3303.7 (Emergency Shelters for five to 15 persons and Commwlity 
Based institutional Facilities for seven to 15 persons) 

Section§ 3303.7 ofthe proposed zoning recommends special exception review of any proposed 
emergency shelter for five to15 persons and community based institutional facilities for seven to 15 
persons subject to the requirements of§ 305. This provision is similar to those provisions in the R-
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2 to R-4 zones which among the most restrictive zones. The Fair Housing Act also limits local 
jurisdiction ability to prohibit such uses. § 305.3 has limitations su~h that there shall be no other 
property with a similar facility within the same square/parcel and that no other property containing a 
community-based residential facility for seven (7) or more persons shall be within a radius of five 
hundred feet (500ft.) from any portion of the property. The BZA is also given the discretion to 
waive these requirements subject to the facilities not having adverse impacts on the neighborhood 
because of traffic, noise, operations, or the number of similar facilities in the area. Further, all land 
disposition agreements and proposed uses on the site by·DMPED will be subject to review by the 
ANC. 
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Technical Memorandum ARUP 
To 

Copies 

Feras Qumseya, Office of the Deputy Mayor for Planning and 
Economic Development 
Geraldine Gardner, District of Columbia Office of Planning 

Neil Sullivan, Ayers Saint Gross 

Date 

15 August 2012 

Reference number 
219824-00 

From Cameron Thomson and Alan Glynn, Arup File reference 
REP/219824/MOO 1 

Subject St Elizabeths East Campus District Energy Concept Feasibility Study 

Executive Summary 

At the request of the District of Columbia Office of Planning and Office of the Deputy Mayor for Planning 
and Economic Development (the District), Arup performed a concept-level feasibility study for the viability 
of a centralized District Energy (DE) system to serve the proposed St Elizabeths East Campus development 
(East Campus). The objectives of the study were to: (I) determine the technical viability of potential DE 
scenarios, including heating, cooling, and power generation, and (2) make a recommendation so that a 
subsequent commercial assessment could be completed in support of a go/no-go decision to pursue DE on 
East Campus. 

Using building-energy-simulation software, a preliminary energy-demand profile was developed for each of 
the proposed parcels at East Campus based on a LEED® Silver performance standard. Once established, 
these demands were used to evaluate the different ways of providing heating and cooling for the site. 

Energy Scenarios Evaluated 

The scenarios evaluated during this feasibility study include: 

• Baseline 

o Traditional building-by-building heating and cooling systems 

• District heating and cooling with tri-generation (tri-gen) 

o Central plant incorporating gas-frred co-generation, gas-fired boilers, absorption chillers, 
and electrical centrifugal chillers 

• District heating only with co-generation (co-gen) 

o Central plant incorporating gas-fired co-generation, gas-fired boilers (also referred to as 
combined heat and power (CHP)) 

• District heating only without co-generation 

o Central plant incorporating gas-fired boilers and no co-generation 

These scenarios were evaluated for the fuJI site build-out as well as for the proposed Phase I build-out. 

Findings: 

1. Not Enough Load in Phase I 

From a technical point of view the fuJI site build-out proposed for East Campus has a good energy demand 
and is comparable in density and space-usage to many successful DE schemes globally. However, the 
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relatively low energy demands associated with the proposed Phase I of the development (as indicated in 
Figure 1 0) do not lend themselves well to providing the startup loads. 

A review of likely anchor load connection options revealed no viable options due to either their demand­
density-to-distance ratio (meaning the demand was too far from the possible DE plant location) or because 
they had existing energy systems that have undergone relatively recent upgrade or overhaul (i.e., St 
Elizabeths hospital complex). 

When the District has reason to develop some or all of the proposed land uses with intensive thermal 
demands, such as the the proposed hotel or conference center, the project may still have an opportunity to 
develop a DE system in future phases. 

2. Strong Sustainability Beneflls 

Given the District of Columbia is served by relatively fossil-fuel-intensive grid electricity, onsite power 
generation, even using natural gas, can help offset a significant quantity of greenhouse gas emissions. The 
relatively modestly-sized generating systems modelled for the tri-gen and co-gen-only scenarios could yield 
reductions of up to 14 percent and 7 percent, respectively, from the baseline (see Figure 8). 

3. District Cooling Unlikely Due to Large Possible Residentiol Build Out 

The viability of centralized cooling is unlikely due to the relatively low and inconsistent demands associated 
with the large proportion of residential land uses in the proposed building mix. These inconsistent (or 
' 'peaky") loads that occur in the morning and evening hours must be balanced with strong daytime loads (for 
example, commercial, retail, or hotel uses) to create more consistent load, thereby enabling much greater 
efficiency for the central plant. 

4. Generation and Sale of Power Needs Further Investigation 

Combined heat and power (CHP) could help offset a significant quantity of East Campus greenhouse gas 
emissions as well as reduce the cost of the heating services. However, further economic analysis is needed 
on: (1) the relative cost of producing electricity with CHP technology versus the cost of grid power and (2) 
the impact of standby charges and other utility fees, to determine if CHP is commercially viable. 

5. Thresholds for Further Analysis 

Third party service providers Arup spoke to about the project would like to see at least I MW of serviceable 
on-site co-generated power (and in some cases 2-3 MW) in order to justify a more detailed consideration of 
developing a DE project on East Campus. 

Best design practices for efficient cost-effective sizing of co-generation DE systems typically require over 
80% availability. In other words, the equipment should have a need to run for at least 80% of total possible 
running hours. This figure can vary depending on the relative value of the power and heat being produced. 

The co-generation DE systems modelled for this analysis assumed a power-to-waste-heat output ratio of 
around 50:50. This ratio can vary somewhat with differing co-generation systems and configurations to help 
the system better fit the site heat demand profiles and help maximize either heat or power output- whichever 
is more valuable. 

Recommendations: 

• The District should not pursue a DE system in Phase 1 unless or until: (l) a hotel or conference 
center is programmed or (2) more commercial office and/or retail is programmed. 

• The District should consider sizing a subsequent phase so the total heating demand of buildings to be 
developed in that phase can support the efficient running of co-generation plant with l MW of on-
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Technical Memorandum 

site power generating capacity. Should this threshold be achievable, a co-generation DE system 
should be further analyzed for commercial and fmancial viability. 

• The public right-of-way should include a thermal utility corridor for heating and cooling loops as the 
concept infrastructure plan is developed. 

• Further conversations and analysis are needed on the potential to connect the New Hospital to DE 
system in subsequent phases. 

1 Introduction 

At the request of the District of Columbia Office of Planning (the District), Arup performed a concept-level 
feasibility study for the viability of a centralized District Energy (DE) system to serve the proposed St 
Elizabeths East Campus development (East Campus). The objectives of the study were to: (1) determine the 
technical viability of potential DE scenarios, including heating, cooling, and power generation, and (2) make 
a recommendation so that subsequent commercial assessment could be completed in support of a go/no-go 
decision to pursue DE on East Campus. This memorandum presents the results of the DE study. 

2 Definition of Scope 

Arup's tasks for this analysis involved: 

• Review opportunities and constraints of the existing site conditions. 

• Review existing/adjacent energy distribution systems and identify potential synergies with adjacent 
land uses. 

• Develop a high-level option analysis (matrix) of applicable/non-applicable infrastructure energy 
systems. 

• Estimate an approximate order-of-magnitude energy demand for the development using the 
preliminary development program and efficiency design targets set forth in the sustainability 
framework. 

• Determine the feasibility and applicability of District heating and cooling, co-generation (co-gen), 
and renewable energy technologies specific to the site conditions. 

3 Project Site and Phasing 

The energy-demand analysis was based on the proposed programming for Alternative 2, which is the 
preferred alternative being considered in the Draft Master Plan. The areas (in square feet) of each land use 
type in that program are summarized on Figure I . 
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Figure I - Proposed Full-Site Program with Gross Square Feet 

The large building density to the north of the campus is an approximately 800,000-square--foot site slated for 
the proposed FEMA headquarters and was not included as part of the energy analysis as it is slated to be 
served by the DE system being developed on the St. Elizabeths West Campus (West Campus). 

West Campus is a federal property undergoing major development by the GeneraJ Services Administration 
(GSA) that will serve as future headquarters for the US Coast Guard and Department of Homeland Security. 
The West Campus will be served by a centralized DE system, with co-generation currentJy being developed 
by Washington Gas and its partners. GSA has invested significant effort and capital in creating an entirely 
independent infrastructure between the historically connected East and West campuses. As an exception to 
this effort, there is a tentative plan to provide thermal service from the West Campus central utility plant to 
the FEMA headquarters site on East Campus. 1 

The new St Elizabeths hospitaJ complex neighbors East Campus to the east across a ravine and was not 
included in the analysis. 

The proposed development is expected to occur in phases over the next several years. 

The first phase of development (Phase I) is illustrated below on Figure 2. As suggested by the District, only 
a small portion of the CT Oval will be readied for Phase I . 

1 Arup phone conversation with Will iam Willis and Gallic Marlow Jr .. GSA project managers for the West Campus Development. 
Thursday, January 12.20 12 
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Figure 2 - Proposed Phase I Program with Gross Square Footages 

The numbers and compositions of subsequent phases were uncertain at the time of this anaJysis. 

4 Approach 

The scenarios analyzed included full site build-out and Phase 1 build-out, as discussed in Sections 4.1 and 
4.2 and summarized in Table 1. 

4.1 Full Site Build-Out 
The scenarios evaluated for full site build-out include: 

• Baseline 

• District heating and cooling with tri-generation (tri-gen) 

• District heating only with co-generation 

• District heating only without co-generation 

These scenarios were examined to give an indication of the suitability of the final site build-out for a DE 
system to determine if it was appropriate to continue with the analysis and to create a performance 
benchmark for the potential preceding phases. 

4.2 Phase 1 Build-Out 

The scenarios evaluated for Phase I build-out include: 

• Baseline 

• District heating and cooling with tri-generation 

• District heating only with co-generation 
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Technical Memorandum 

• District heating only withouJ co-generation 

These scenarios were examined to assess the performance of a DE system in Phase l . 

Electricity Beating CooUng 

- All buildings served by independently - All buildings seTVed by separate gas • All buildings' cooling met by local 'in-
metered eleetrical utility connections utility co.nneclion bouse' air conditioning systems (chillers and 

Bll.sdinr cooling towers) 

- All buildings' heating met by local 'in-
bouse' gas-fired boilers 

-AU buildings sefVed by independently - All buildings heating served by the - All buildings' cooling met by local 'in-
metered electrical util.ity connections District distn"buted bot water system house' air conditioning systems (chillers and 

heated with gas-fired boilers cooling towers) 

-~ 
- Electrical unlity connection required - Gas utility connection required by 
by Disuict Energy Centre (for district District Ener&Y Centre 

District beating circulating pumps and other 

beating ancillazy equipment) 

only - All central site beating plant (boilers, v wiJJuJUJ co- circulation pumps and ancillazy 
gen equipment) located atDistrict Ener&Y 

Centre I 

- Building connection points (beat l 

exchangers and ancillary equipment) 
required for connecting each building or 
building cluster 

- All buildings served by independently - All buildings heating served by the - All buildings' cooling met by local 'in-
metered electrical utility cormectioos District distributed hot water system bouse' air conditioning systems (chillers and 

heated with gas-fired boilers and waste cooling towers) 
en-g~oheat 

- Electrical utility connection required - Gas utility connection required by 
by District Energy Centre (for district District Energy Centre -, 

District beating circulating pumps and other 

beating ancillary equipment) k --
only witlt - Electricity en-generated at District - All central site beating plant (boilers, 
co-g en Ener&Y Centre either sold back to grid circulation pumps and ancillary 

and/or used to offset on-site grid- equipment) located at District Energy 
intported load (lbe) Centre 

-Build.ing connection points (beat 

I • 
exchangers and ancillary equipment) 
required for connecting each building or 
building cluster 

Dist.rict - All buildings served by independently - All buildings beating served by the - AU buildings heating served by the District 

heating and metered electrical utility connections District distributed bot water system distol>uted chilled water system cooled with 

cooling heated with gas-fired boilers and waste electrical centrifugal chillers and absorption 

witJJ tri-gen co-generation beat chillcr(s) powered by waste co-generation 
heat 

District - Electrical utility coaoectioo required -Gas utility COIIIICCiion required by -All central site cooling plant (chillers, 

beating and by District Energy Centre (for district District Energy Centre cooling towers, circulation pumps and 

cooling chilled water plant, bot & chilled water ancillary equipment) located at District 
J 

wltJJ tri-geo system circulation pumps and other Energy Centre 
~ 

IT. lLil.otantlfMTClAWUI I DII'T'NICT OCitOY(IOH('.;(P'T~ITI.Df" 

OANpi15Augult2012J ~.COMWIINCAoiUOM'II-of\110C110;21-...oowiN1VttW..PitO.IlCTMTA"-CCIMJI'OftTS ifrWIRA'I'MIDnJICTf..-...:JV\UN'flO 

CUlHT'QD1·D l $_1TUJQT'IIICT IHEJitOV IWOIOJIW.LOOCX Page 6 of20 

ZONING COMMISSION
District of Columbia

Case No. 12-08

29



Technical Memorandum 

Electricily Heating Coolina 

{coatiDued) IIDCillary equipment) 

- Electricity co-generated 81 Disuict • All central site beating plant (boilers, • Building ooonection points (heat 
Energy Centre either sold baek to grid circulation pumpS and ancillMy exchangers and IIIICillary equipment) 
and/or used to offset on-site grid- equipment) located 81 District Energy required for connecting each building or 
imponcd load (tbc) Centre building cluster 

- Building connection pointS (heat 
cxcbangers and 81lcillary equipment) 
required for connecting each building or 
building cluster 

Table I Summary of implications for site electricity, beating and cooling provision and infrastructure of analyzed DE scenarios 

Initial analysis revealed that the beating and cooling loads for Phase I are not large enough in magnitude or 
consistent enough to justify developing a DE system. Without a sufficient "anchor load" on Campus in Phase 
l, we explored the possibility of serving adjacent or nearby loads in addition to East Campus energy loads. 

Representatives from the adjacent large land uses were consulted to investigate the possibility of serving 
their energy demands with those of the new Campus development. 

These sites (located within a 1-k:ilometer radius of the proposed location of a potential Campus DE center) 
are shown in Figure 3 and include: 

t . DC Unified Communications 
Center 

2. St Elizabeths New Hospital 
3. Johnson Middle School 
4. Turner Elementary School 
5. Congress Heights Metrorail 

Station 
6. Shops at Park Village (Giant) 
7. Malcolm X Elementary School 
8. King Elementary School 
9. Congress Heights School 

8 

Figure 3 - Potential Anchor Load Energy Users within !-Kilometer Radius of Site 

Arup spoke to GSA and Washington Gas about West Campus to learn more about the strategies employed 
there and issues that have arisen through the design, permitting, and early construction of its DE system . 
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Most sites either had a demand-density-to-distance ratio from East Campus that would not make them viable 
candidates for connection, intermittent loads that would make DE service challenging (for example, most of 
the schools), or their energy systems have undergone relatively recent upgrade or overhaul. 

The nearest and strongest source of potential demand is the new 500,000-square-foot St Elizabeths hospital, 
built to provide 24-hour care to 300 psychiatric patients; however, the hospital ' s hot and chilled water 
systems are less than 2 years old. 

With no availability of a nearby anchor load, the analysis focused on the potential viability of a DE system 
serving the programmed uses within East Campus. 

5 Energy Analysis 

5.1 Estimating Energy Demand 
Preliminary energy profiles of the buildings that could potentially connect to a DE scheme were modelled. 
This was done using eQUES~ building energy simulation software. 

There are seven major building activity use categories that are assumed in the energy models: 

• Residential 

• Retail 

• Large Office 

• Small Office 

• Hotel 

• Institution (education) 

• Civic 

A set of virtual buildings were created to represent each of the building types in the above categories. For 
each building, a model was developed that assumed a geometry--size, shape, and orientation-that was 
representative of a similar building as currently outlined for the proposed site. The appropriate equipment 
loads and occupancy schedules were attributed to each of the models. 

Characteristics, including the building envelope, window-to-wall ratio, lighting power/control, mechanical 
plant room design and efficiencies, domestic hot water loads, and elevator loads, are also attributed to each 
model in order to simulate a LEED® Silver energy performance standard. 

Output from each building model was fed into the overall site energy model to give hourly annual electrical, 
heating, and cooling profiles for East Campus. 

The modelled building energy loads and overall assumed energy consumption were calibrated to be 
consistent with ASHRAE load benchmarks and Commercial and Residential Building Energy Consumption 
Survey benchmark consumption data published by the Department of Energy. 

Figure 4 illustrates the annual hourly heating (red), which included domestic hot water and cooling (blue) 
demands for the full site build-out. 
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Figure 4 - Full Site Build-Out Annual Hourly Heating (red) and Cooling (blue) Loads 
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Figure 5 illustrates the annual hourly electricity demands (including the electricity needed for air 
conditioning) accounting for the full site build-out. For the district cooling systems analyzed, the electrical 
loads associated with air conditioning the buildings were separated. 
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Figure 5 - Full Sit.e Build-Out Annual Hourly Electricity Load 

For the baseline scenario, each building was assumed to house all the required heating and cooling 
equipment- in the form of conventional gas-fired boilers and centrifugal chillers-needed to serve peak 
heating and cooling loads within the building independent of its neighbors. No onsite power generation was 
assumed, and the plant and control strategies were modelled using a LEED® Silver standard. 

The gas and electricity consumption values and peak plant loads for the baseline scenario were then 
compared against the various DE scenarios. 

For the assumptions used in the energy demand analysis, please refer to Appendix A. 

6 Results of Scenario Analysis 

For the full site build-out and Phase 1, the energy performances of their respective energy systems (i.e. 
electricity, natural gas, and C02 emissions) were compared for each scenario . 
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6.1 FuU Site Build-Out 
Figure 6 compares the site net annual electricity consumption for the full site between the baseline and each 
of the DE scenarios. For the scenarios with co-gen, the total electricity generated at the central plant has been 
indicated to illustrate the value of a relatively modestly sized co-gen system for each case. The generation 
capacity in the tri-gen system is larger than the co-gen-only scenario because of an absorption chiller 
providing additional cooling from waste-heat during the summer months. 

This analysis did not estimate the dollar value of the electricity produced by co-gen or tri-gen as it could be 
sold back to the grid or used to offset energy demands of the DE system itself. However, the net 
consumption of electricity by East Campus at full build-out would be reduced as a result of it being produced 
onsite. 
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Figure 6 - Full Site Build-Out Scenarios, Electricity Consumption with Potential from Onsite Generation 

Figure 7 illustrates the gas consumed between the different scenarios. The consumption rates of the two 
scenarios with gas-fired co-gen units are nigher than the baseline and district-beat-only scenarios due to their 
gas-fuelled on-site production of electricity. 
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Figure 7 - Full Site Build-Out Scenarios, Gas Consumption 
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The heat-only scenario (without co-gen) is better than the baseline because a central plant can be more 
efficient and more responsive than individual building boilers-one of the primary benefits of DE. 

Figure 8 illustrates the impact of the different district energy strategies on carbon djoxide (C(h) emissions. 
The main reason for the emissions reduction between the baseline and the tri-gen and co-gen systems is the 
displacement ofCOrintensive grid electricity (e.g. from coal-frred power plants) by on-site natural gas-fired 
generation. 
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Figure 8- FuU Site Build-Out Scenarios, C~ Emissions 

6.2 Phase 1 
For the Phase I energy scenarios, the magnitudes of the values illustrated in Figure 6, Figure 7, and Figure 8 
are proportionally less than for the fuJ I site build-out but the trends are replicated. Figure I 0 illustrates the 
difference in scale of the site heating demands associated with the proposed Phase l of the development and 
those of the final fulJ-site build-out. 
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Figure 9- Comparison of hourly annual heating demand proftle for the Full-site versus Phase I build-outs 
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Figure I I illustrates the difference in the order of magnitude between the annual site electricity loads for the 
full site build-out and the Phase I development. 
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Figure I 0- Full Site versus Phase I Build-Out Scenarios, Electricity Consumption 

Likewise, Figure 12 illustrates the eli fference in the order of magnitude between the annual site gas loads for 
the full site build-out and the Phase I development. 
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Figure II - Full Site versus Phase I Build-Out Scenarios, Gas Consumption 

Heat-Only 

C02 emissions for Phase I would follow the same trend as shown for the full site build-out. 

7 Findings 

I. Not Enough Load in Phase 1 

From a technical point of view the full site build-out proposed for East Campus bas a good energy demand 
and is comparable in density and space-usage to many successful DE schemes globally. However, the 
relatively low energy demands associated with the proposed Phase I (as indicated in Figure 10) do not lend 
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themselves well to providing the start-up loads required to make an initial investment in a district energy 
system. 

A review of likely anchor load connection options revealed no viable options due to either their low demand­
density to high-distance ratio or because they had existing energy systems that have undergone relatively 
recent upgrade or overhaul (i.e. St Elizabeths hospital complex). 

Should market forces enable the development of some or all of the proposed land uses with intensive thermal 
demands, the project may still have an opportunity to develop a DE system in future phases. 

2. Strong Sust.ainability Benefits 

Given the District of Columbia is served by relative ly fossil-fuel-intensive grid electricity, onsite power 
generation, even using natural gas, can help offset a significant quantity o f greenhouse gas emissions. The 
relatively modestly-sized generating systems modelled for the tri-gen and co-gen-only scenarios could yield 
reductions of up to 14 percent and 7 percent, respectively, from the baseline (see Figure 8). 

3. District Cooling Unlikely Due to Large Possible Residential Build Out 

The viability of centralized cooling is unlikely due to the relatively low and inconsistent demands associated 
with the large proportion of residential land uses in the proposed building mix. These inconsistent (or 
"peaky'') loads that occur in the morning and evening hours must be balanced with strong daytime loads (for 
example, commercial, retail, or hotel uses) to create more consistent load, thereby enabling much greater 
efficiency for the central plant. 

4. Generation and Sale of Power Needs Further Investigation 

Co-generating combined heat and power (CHP) could help offset a significant quantity of East Campus 
greenhouse gas emissions as well as reduce the cost of the thermal services. However, further economic 
analysis is needed on: ( I) the relative cost of producing electricity with CHP technology versus the cost of 
grid power and (2) the impact of standby charges and other utility fees, to determine if CHP is commercially 
viable. 

5. Thresholds for Further Analysis 

Third party service providers Arup spoke to about the project would like to see at least 1 MW of serviceable 
on-site co-generated power (and in some cases 2-3 MW) in order to justify a more detailed consideration of 
developing a project on East Campus. 

Best design practices for efficient cost-effective sizing of co-generation systems typically require over 80% 
availability (proportion of actual annual operational running hours to total possible running hours). However, 
this figure can vary depending on the relative value of the power and heat being produced. 

The co-generation systems modelled for this analysis assumed a power to waste-heat output ratio of around 
50:50. This ratio can vary somewhat with differing co-generation systems and configurations to help the 
system better fit the site heat demand profiles and help maximize either heat or power output - whichever is 
more valuable. 

8 Recommendations 

• The District should not pursue a DE system in Phase 1 unless or until: ( 1) a hotel or conference 
center is programmed or (2) more commercial office and/or retail is programmed. 

• The District should consider sizing a subsequent phase so the total heating demand of buildings to be 
developed in that phase can support the efficient running of co-generation plant with I MW of on-

IT. EUZAI&THilMT CAfiiPUI. I OIITMCT lHl~V CCHCI.I'T 'IAIMJTY I TI.OY 

eNupi15August2012J w:.a.oM.L.~.~1..1081\Ift1~11244:JWINl'EA*lPftOA.CTMTA't114~TI,frW'RATJVI,Il:lll'ftiCTO«I'tOV\6lHTTO 
QJ£HN01·:zot1f..IT£1JUTliiC:l EHIMY ICMO~ Page 13 of20 

ZONING COMMISSION
District of Columbia

Case No. 12-08

29



Technical Memorandum 

site power generating capacity. Should this threshold be achievable, a co-generation DE system 
should be further analyzed for commercial and fmancial viability. 

• The public right-of-way should include a thermal utility corridor for heating (and possibly cooling) 
loops as the concept infrastructure plan is developed. 

• Further conversations and analysis are needed on the potential to connect the New Hospital to DE 
system in subsequent phases. 
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Appendix 1: Energy Analysis Assumptions 

For heat generation and distribution systems, the lower the required heating temperature, the more inherently 
efficient the system can be. For the current analysis, no specific applications for high-grade heat in the form 
of steam were identified - only requirements for space heating and domestic hot water production. 
Therefore, the analysis was performed on the basis of a low-temperature hot water distribution system and a 
traclitional chilled water distribution system for cooling. In addition, the cost of infrastructure and 
maintenance is significantly lower for low-temperature systems. 

A number of large-scale DE projects that incorporate hot-water generation and distribution systems are either 
in current development or recently finished in the vicinity, which may imply greater local technical resources 
for this type of system. 

Hot Water 

• Flow: 200 degrees Fahrenheit (F); Return: 140 ·F 

• Estimated arterial pipe size for full site build-out: 12 inches (300 millimeters) 

Chilled Water 

• Flow: 43 °F; Return: 54 °F 

• Estimated arterial pipe size for full site build-out: 20 inches (500 millimeters) 

For plant characteristics, the following system values were assumed: 

• Gas-fired boilers (- 80 percent seasonal efficiency) 

• Gas-fired reciprocating combined heat and power (CHP) engines 

o 80 percent overall peak efficiency 

o 1.0 to 0.87 heat-to-electricity output ratio 

o Sized for -90 percent annual full-load availability 

• Single-effect absorption chillers (0.7 efficiency) 

• Electric centrifugal water-cooled chillers 

• Evaporative cooling towers 

To estimate the size of co-g en and tri-gen plants to run against the site energy demands, a number of 
assumptions were made: 

• Co-gen operates as 'base' boiler and in heat load-following mode. 

• Annual availability is 88 percent (percent of total possible annual running hours), including 
scheduled and unscheduled shutdowns. 

• No heat is "dumped." 

• Absorption chiller (for tri-gen scenario) is sized to match co-gen waste heat when site heating 
demand is lowest. 

• Absorption chiller only operates off available co-gen waste heat. 

Based on the sizing assumptions and parameters above, an engine with 500 kilowatts (kW) of electrical 
output was sized for the co-gen scenario, and two 500-kW engines were assumed for the tri-gen scenario. 
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The rest of the site's heating and cooling demands were modelled to be picked up by banks of gas-fired 
boilers and electrical centrifugal chillers. 

Plant spaces in the DE center were calculated to house this required plant with spare capacity and all 
ancillary plant items. 

Figure A 1. I gives an illustrated breakdown of how this plant sizing strategy compares against the annual 
hourly site heating demands for the tri-gen scenario and the annual energy load breakdown between the 
different plant types. 
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Figure 12.1 - Full Site Build-Out Tri-Generation Plant Heating Demand and Energy Breakdown 

Similarly, Figure A 1.2 illustrates how the site cooling demand is shared between the chiller types, along with 
the breakdown of annual air conditioning load. 
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Figure A 1.2 - Full Site Build-Out Tri-Generation Plant Cooling Demand and Energy Breakdown 
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Appendix 2: Components and Costs of District Energy 

Capital Costs 

• District heating and cooling distribution infrastructure 

o Pipework infrastructure 

o Building connection systems (including heat exchangers) 

o Pumps/lifts 

• Central DE plant and infrastructure 

o Central gas-fired boilers 

o CHPsystem 

o Absorption chiller system 

o Centrifugal chiiJer system 

o Cooling towers 

o Chilled water and hot water pumping systems and controls 

o Electrical switchgear 

o Energy Center Building 

• Fuel (gas) and power (electricity) interconnection infrastructure 

• Soft design and construction costs 

o Preliminary engineering 

o Final design 

o Project management - design and construction 

o Construction administration management 

o Professional liability and other non-construction insurance 

o Legal permits, environmental review fees, testing, surveys, inspection, startup 

Operational Costs 

• Plant operations 

• Routine maintenance 

• Major maintenance and replacement 

• Fuel costs 

• Power costs 

• Utility fees/tariffs 

• Heat exchanger maintenance (cost usually borne by customers of the DE system) 
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Capital Savings 

• Builcting plant avoided costs 

o Avoided costs ofboilers in builctings 

o A voided costs of chillers in buildings 

o Avoided costs of cooling towers in buildings 

Operational Savings 

• Avoided boiler and chiller maintenance in buildings 

• Capital and/or running cost funding opportunities 

o State or federal incentive funding 

o Installed capacity payments from independent system operators 

• Avoided heating fuel to buildings 

• Either: 

o Revenue generated selling CHP electricity to utility for feed-in-tariff 

o A voided electricity costs by using CHP power directly onsite or via net metering 

Figure A2.1 - Typical District Energy Distribution Pipework and Building Heat Exchanger Interface 

Sources of Costs 

A number of various sources were consulted in order to compile a first estimate of the capital costs, running 
costs, and C02 emissions for the DE and baseline scenarios. These included: 

• RS means 
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• Recent Arup projects in the northeastern United States 

• US Energy Information Administration 

• eGRID 

For the purpose of this study, the options examined have bad their economic performance assessed without 
the aid of other capital or running cost funding incentives. 

According to discussions with Michael Y ambrach, Energy Program Manager for the District Department of 
General Services (DGS), e lectricity generated by the co-gen plant would be required to be exported to the 
grid for a negotiated tariff and would not be able to be used to offset the metered import.ed electricity 
required by the site, either by direct usage or net metering. 

Table A2.1 shows a summary of the line items and associated cost estimates for the full-site build-out 
scenario incorporating a tri-generation system. 

Table A2.1 - Summary of estimated capital costs for full-site tri-generation scenario 
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Appendix 3: Baseline Parcel-by-Parcel Site Energy Results 

I I! I ll J 

I 

u 
ill 

IH 

H ll 
I I 
I I 

'll tj 

• •t•l If; 

.H•: .U•I 
)J JJ 
1:1 1 Jll 
••• •t•f 
U• IJ• 
)J 

!IJ lll 
•I• ~·_. 
IJ•: !• 
)J u 
IH UJ 
]1 Ill 
' : 'il 
1: 
II t 
J 
l 

11 
J 

l 
u l 
J 

~: I II I 

n .IUZAirlMiu.nc.t.WW I CU'1"NCTENIJilOVCONCIEI'TI'~I'T\G'r 
~.~~OIX.Q21112!4«M IN't"'JJWrW.~CTC.To\"'--O~Io*ARAnvtf'Ofl'AiiQT EJCftCJ'NtKT'TOa.JfiHNO'ID1fLITU.,J:IIITJIOT!HIIItOY .....,_........,.,.. Page20 of20 

ZONING COMMISSION
District of Columbia

Case No. 12-08

29


