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LINDEN GROVE
223 LINDEN STREET, BROOKLYN, NY

DEVELOPER: GILBANE + BLUE SEA DEVELOPMENT

ARCHITECT: CHRIS BENEDICT, R.A.

STRUCTURAL ENGINEER:  MURRAY ENGINEERING

ELECTRICAL, PLUMBING, FIRE ALARM, SPRINKLER:

MECHANICAL: CHRIS BENEDICT, R.A.

153 APARTMENTS FOR SENIORS
13 STORIES
MODULAR CONSTRUCTION
100% ELECTRIC
PASSIVE HOUSE CERTIFIED
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ISSUES WITH FLOOR/CEILING 
THICKNESS AND SETBACKS 
WERE RESOLVED BY RECEIVING 
A MAYORAL OVERRIDE
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BLUE SEA DEVELOPMENT/GILBANE
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ELECTRIC

BLUE SEA DEVELOPMENT/GILBANE
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SHOP DRAWINGS 
& SUBMITTALS
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HEATING COOLING

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



BLUE SEA DEVELOPMENT/GILBANE

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



BLUE SEA DEVELOPMENT/GILBANE

DHW

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE<>CHANGING WORLDBLUE SEA DEVELOPMENT/GILBANE

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



BLUE SEA DEVELOPMENT/GILBANE

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



BLUE SEA DEVELOPMENT/GILBANE

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



BLUE SEA DEVELOPMENT/GILBANE

APPROVALS

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



BLUE SEA DEVELOPMENT/GILBANE

ELECTRICAL

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



BLUE SEA DEVELOPMENT/GILBANE

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE<>CHANGING WORLDBLUE SEA DEVELOPMENT/GILBANE

CONSTRUCTION

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE<>CHANGING WORLD

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE<>CHANGING WORLD

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE<>CHANGING WORLD

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE<>CHANGING WORLDBLUE SEA DEVELOPMENT/GILBANE

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD





NET ZERO WATER CHALLENGE

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



WHAT DOES IT TAKE TO 
CLEAN THE WASTE WATER 

FROM AN APARTMENT 
BUILDING?
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DIRECT POTABLE REUSE

BLACKWATER - POTABLE
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DIRECT POTABLE REUSE

BLACKWATER - POTABLEBLACKWATER POTABLE
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Passive House showed that we 
could mine HEAT from people and 
their activities in a building, what 

else can we mine? Apartment 
Buildings are a massive collector of 

RESOURSES
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RESOURSES -
HOW CAN WE USE THEM?
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FROM ROUX ENGINEEERING

Hi Chris,

Please see attached draft treatment train schematic and preliminary equipment specification for the treatment of greywater for 
potable water use.  I will send a separate email with the greywater for irrigation use work.  

We have also completed a draft layout of equipment.  We can adjust it to make things fit a little closer together, but ultimately, there 
is a lot of equipment associated with potable water use and we need space between equipment for piping.  As a result, the system 
will not fit inside the existing mechanical room and, we'd need to bring in a large trailer to house the remaining equipment.  

As a reminder, as there is currently no regulatory framework in MA for greywater to potable water use, this would require special 
approval by the MassDEP.

Important staffing note:
Per 310 CMR 22.11B(2)(a), to operate a system of this caliber for potable water use, there would need to be a Primary Water 
Treatment Operator staffed to the system for at least 35 hours each work week that the system operates.  Additionally, per 310 
CMR 22.11B(2)(b), there would need to be a Secondary Water Treatment Operator staffed during all other operating hours when 
the Primary Water Treatment Operator is not present.  To reduce staffing costs, we could operate the system in batches only during 
the time that the Primary Water Treatment Operator is on-site (i.e., at least 35 hours each work week).  Under this set-up, the 
treatment system would need one full-time operator staffed to the site and the system would need to be offline when the 
operator is not on-site.  Potable water would need to be supplied by the municipal public water supplier (e.g., MWRA or BWSC) at 
all other times.

GREYWATER – POTABLE WATER
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DIRECT POTABLE REUSE

GREYWATER - POTABLEGREYWATER POTABLE
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RAIN WATER 
CAPTURED AND RECYCLED TO BE USED FOR TOILET 
FLUSHING
NEW RISERS AND DISTRIBUTION PIPES ADDED TO 
SUPPLY ALL TOILETS WITH RAIN WATER

ALL USED WATER (AKA BLACKWATER)
BROUGHT TO NEW BELOW GRADE SPACE, FEECES 
SEPARATED TO MAKE METHANE AND COMPOST, 
REMAINING BLACK WATER RUN THOUGH 
CONSTRUCTED WETLANDS FOR IRRIGATION WATER 
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Settling 
Chamber CTW

Solids/Sediment 
Removal

Reduce BOD, TN, 
TSS

Equalization 
Tank

Micro-
Filtration

System stabilization 
for batch flow

Ultra-
FiltrationRO

Filtration to prep 
for RO, solids 
removal

Dissolved contaminant 
removal

UV

Disinfection of 
viruses and bacteria

Activated 
Carbon

Buffer - pH & 
Hardness 

Adjustment
Chlorine 
addition

Water 
stabilization

Storage Tank

Polishing

Residual 
disinfection

Treatment processes required for potable water re-use 
(subject to MassDEP approval)

Treatment processes required for grey water re-use 
(subject to MassDEP approval)

Initial filtration, 
solids removal

Combine w/ 
Potable & 
Distribute

Storage tank for 
testing prior to use

Booster 
Pump

Booster 
Pump
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REALIZATION

MY PATH TO NET ZERO WATER CHRIS BENEDICT, R.A.
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Passive House showed 
that we could mine HEAT 

from people and their 
activities in a building, 

what else can we mine? 
Apartment Buildings are a 

massive collector of 
NUTRIENTS!

REALIZATION
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SOURCE SEPARATION:
SEPARATION OF 

TOILET PRODUCT(BLACK WATER) 
FROM THE REST OF THE 

WASTE WATER (GREY WATER) 
FLOWING THROUGH THE BUILDING 
EASES THE PROBLEM AND ALLOWS 

FOR REPURPOSED WATER AND 
COMPOST
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Passive House showed 
that we could mine HEAT 

from people and their 
activities in a building, 

what else can we mine? 
Apartment Buildings are a 

massive collector of 
NUTRIENTS!

REALIZATION #2
FROM PHOENIX 
COMPOSTING 
TOILET SITE!
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RAIN WATER AND GREY WATER ARE PURIFIED 
AND USED AS CLEAN WATER FOR ALL PURPOSES

TOILET PRODUCT IS COMPOSTED AND SENT TO 
FOOD FARMS, FOOD FARM SENDS BACK FOOD?
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WHY DO THIS?
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WE DON’T WASTE THE GIFT OF CLEAN WATER

WE CAN CAPTURE NUTRIENTS THAT WE NEED TO SURVIVE 
(NPK) AND OTHER GOOD STUFF!

WE DON’T DUMP OUR WASTE INTO THE ENVIRONMENT AND 
CAUSE HARM

WE RECONNECT THE FLOW THROUGH OUR BODIES TO THE 
CIRCLE OF LIFE
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JOE JENKINS 
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THERMOPHILIC PROCESS

CARBON MATERIAL MUST BE ADDED FOR THIS PROCESS TO OCCUR – 
WHAT IS THE UBAN CARBON MATERIAL TO ADD? CHRIS BENEDICT, R.A.
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KAILASH 
ECOVILLAGE
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KENDEDA
BUILDING
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BULLIT 
CENTER

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



FARM
&

FOOD

GREYWATER
COMPOST

PEOPLE

BUILDING 
PLUMBING

COLLECTION

HOW DO WE 
DO THIS IN AN 
APARTMENT 
BUILDING?
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FARM
&
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GREYWATER
COMPOST
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HOW DO WE DO THIS IN 
AN APARTMENT BUILDING?
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PREDICTED FLOWS: 
147 APARTMENTS
250 PEOPLE

GREY WATER
7,258 GALLONS/DAY
7258 GALLONS/DAY < 10,000 GALLONS/DAY

TOILETS TO COMPOST
WATER CONTRIBUTION:
5 FLUSHES/DAY PER PERSON
.2 GAL/FLUSH
.2 GAL x 5 FLUSHES = 1GAL WATER/PERSON/DAY
1 GAL/DAY x 250 PEOPLE = 250 GAL/DAY
TOILET PRODUCT CONTRIBUTION:
.25 GAL OF TOILET PRODUCT PER DAY PER PERSON
.25 x 250 = 62.5 GAL OF TOILET PRODUCT PER DAY

TOTAL TOILETS TO COMPOST: 312.5 GALLONS/DAY
312.5 GALLONS/DAY < 10,000 GALLONS/DAY
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Vacuum toilets/Ecodrum
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CONSTRUCTED WETLAND
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In Massachusetts, greywater treatment and reuse is regulated under 314 CMR 20.00, Reclaimed Water Permit Program and Standards; “Pursuant to 
M.G.L. c. 21, § § 26, 27, and 43, the Department promulgates 314 CMR 20.00 to establish a program to regulate and permit reclaimed water systems. 
314CMR 20.00 also establish requirements for the use, sale, distribution, and offering for use, sale, and distribution of reclaimed water.”
Under 314 CMR 20.00, there are three classes of reclaimed water that can be used for varying purposes, identified as Classes A, B, and C. Class A 
reclaimed water has the broadest use applications and consequently, has the most-stringent effluent limits. In accordance with 314 CMR 20.17(1), Class A 
reclaimed water may be used for any activity covered under Class B and C, as well as the following additional activities:

• Agricultural use for food crop irrigation where there is contact between the reclaimed water and the edible portion of the crop.
• Irrigation at locations where individual members of the public are likely to come into contact with the reclaimed water, including:
o Golf courses;
o Parks and playgrounds;
o Landscaping around schools, colleges, and universities;
o Landscaping around residential and mixed-use developments;
o Athletic fields;
o Cemeteries;
o Highway rest areas; and
o Non-residential developments, such as office complexes, public buildings, hotels, motels, and commercial malls.
• Toilet and urinal flushing in commercial, institutional, industrial facilities and buildings, including hotels and motels, and residential developments 
except single family homes, town houses, and two- and three-family homes where residents have access to the plumbing facilities for repairs or 
modifications.
• Other uses, including cooling water, industrial process water, commercial laundries and carwashes, snowmaking, fire protection, and creation of 
wetlands and recreational impoundments. 

At the Site, Roux assumes greywater will be used exclusively for irrigation throughout the Site. The anticipated areas for irrigation are described below:
• Exterior ground floor irrigation
o Zone 1 (northeast corner of property, food forest)
o Zone 2 (southeast corner of property)
o Zone 3 (southern edge of property)
o Zone 4 (southwest corner of property, rain garden)
o Zone 5 (northwest corner of property)
o Zone 6 (throughout outdoor areas, grass patches along walkways)
• Exterior flower boxes on all facades
• Exterior 7 th floor terrace
• Interior landscaping
o Main lobby
o Main lobby green wall
o Elevator lobbies
o Greenhouse

Because the intended use of reclaimed water is for irrigation in locations where individual members of the public are likely to come into contact with the 
water, Roux assumes this use most closely aligns with the allowed uses of Class A reclaimed water.
Confirmation with the MassDEP is recommended, particularly for irrigation of indoor areas.  Assuming the anticipated use falls under Class A reclaimed 
water, Table 1 below summarizes the applicable effluent limits for treated greywater

FROM ROUX ENGINEEERING

CLASS A RECLAIMED WATER
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RAIN
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RECHARGE
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AC CONDENSATE

CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD



AC CONDENSATE
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BY REDUCING TOILET FLUSHING WATER WITH THE VACUUM SYSTEM 
WE APPROACH THE PROJECTED RAINFALL AMOUNT ON THE SITE, 

THIS COULD BE INTERPRETED AS NET  ZERO WATER 
AND

WE CAN LET THE RAINWATER GO BACK INTO THE ENVIRONMENT

AC CONDENSATE
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Compost vs Fertilizer
FROM AI:  Compost and fertilizer are both used to help plants grow, 
but compost feeds the soil while fertilizer feeds the plants

COMPOST IS FAR LESS DENSE WITH REGRAD TO NPK, AND IT SLOW 
RELEASE THOSE NUTRIENTS INTO THE PLANTS

DIRECT MANURE/SLUDGE MAY ADD TOO MUCH NITROGEN IN 
ORDER TO GET THE PHOSPHORUS AND POTASSIUM RATIO NEEDED
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NPK SUSTAINS THE WORLD FOOD SUPPLY
N - NITROGEN 

P - PHOSPHOROUS 

K – POTASSIUM

MODERN FERTILIZER:

N – ACTUALLY NH3 FROM FOSSIL FUEL 

(HABER BOSCH PROCESS) 

P AND K FROM MINING 

VS

COMPOST: 
N FROM AMINO ACIDS

P AND K NOT USED BY THE BODY FLOWS 
THROUGH BODY AND INTO THE TOILET PRODUCT 

VIA URINE
CHRIS BENEDICT, R.A.
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COMPOST QUALITY AND NUTRIENT CONTENT – 

HOW GOOD CAN IT GET?

RULE OF THUMB DESIRED 2N:1P:1K

COMPOST IS FAR LES CONCENTRATED THAT MODERN 
FERTILIZER AND RELEASES SLOWLY INTO PLANTS FROM THE SOIL
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H2O REMOVAL FORM THE VACUUM 
TOILET PRODUCT

THE MOST EFFICIENT THERMOPHILIC PROCESS REQUIRES 
MUCH LESS WATER IN THE MIX THAN WHAT IS DELIVERED 
VIA THE VACUUM TOILETS, CURRENT AMOUNT OF WATER 

REQUIRES MORE BULKING MATERIAL
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CAN WE REMOVE H2O WITHOUT REMOVING NUTRIENTS?

H2O PERMEABLE MEMBRANES? PEBAX® 1074?

EVAPORATION?

POTASSIUM POLYACRYLATE   (C3H3KO2)n

VACUUM TOILET THAT SEPERATES URINE FROM FECES CHRIS BENEDICT, R.A.
ARCHITECTURE <> CHANGING WORLD
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Urine - NPK
Feces – OTHER BENEFICIAL BATERIA
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Urine – RICH EART INSTUTUTE
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PATHOGENS – 
THERMPOPHILLIC PROCESS CAN EXCEED 160 DEGREES

 

PHARMACEUTICALS – 
CASE OF THE MISSING PAPER (AND SCIENTIST):

DOES ANYONE KNOW GARY ANDERSEN AT LBL? 
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PFAS
BUILDING WAS TESTED, BOTH INCOMING AND OUT 
GOING WATER, RESULT WAS “NONE DETECTED”

•Dilution with Bulking Agents: Using "clean" 
bulking agents like wood chips or ground 
brush can dilute the concentration of PFAS 
in the final compost product.

•Source Control: Because there are no 
effective removal methods for compost, the 
most reliable strategy is to prevent PFAS-
containing materials from entering the 
system.

SELL/PROVIDE 
NON-TOXIC 
CLEANING AND 
TOILET PAPER TO THE 
TENANTS ?
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PFAS LAB RESULTS

DOES ANYONE KNOW OF A RESIDENTIAL   PROJECT WHERE THE 
TOILET WASTE IS SEPARATED FROM THE REST OF THE WASTE WATER? 

 

WE WANT TO TEST FOR PFAS!
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URBAN Carbon sources
YARD WASTE
WOOD CHIPS

SAWDUST
CARDBOARD
FOOD SCRAPS
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OR $15 PER TOILET/YR

ENERGY CONSUMPTION
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FROM MASS DEP
Wastewater discharge:
Onsite discharge of wastewater typically falls under two 
regulations in Massachusetts: 310 CMR 15.000 (a.k.a. Title 
5) which regulates onsite septic systems for design flows 
under 10,000 gallons per day and 314 CMR 5.00 which 
regulates onsite discharge for design flows over 10,000 
gallons per day which typically includes treatment in order to 
meet standard effluent limits. Both of these regulations are 
very prescriptive and require adhering to specific standards. 
An additional concern is how these regulations would fit for a 
site currently served by municipal sewers.

A 147-unit housing project generates a significant amount of 
wastewater. For your proposal of discharging greywater to a 
constructed wetland this likely would trip the regulatory 
threshold of 10,000 gallons per day and require a 
groundwater discharge permit. An open wetland system 
would not be permissible in such a situation.

Composting toilet waste:
Composting of wastewater solids appears to fall under the 
residual regulations at 310 CMR 32.00.  These regulations 
are very stringent given the material involved as you can 
expect. An Approval of Suitability (AOS) would need to be 
obtained and that can be a time consuming and costly 
undertaking to ensure that the composted material meets 
standards. An AOS would require written approval from the 
city’s Health Department. Type 1 compost is described in 
310 CMR 32.81.

PREDICTED FLOWS: 
147 APARTMENTS
250 PEOPLE

GREY WATER
7,258 GALLONS/DAY
7258 GALLONS/DAY < 10,000 GALLONS/DAY

TOILETS TO COMPOST
WATER CONTRIBUTION:
5 FLUSHES/DAY PER PERSON
.2 GAL/FLUSH
.2 GAL x 5 FLUSHES = 1GAL WATER/PERSON/DAY
1 GAL/DAY x 250 PEOPLE = 250 GAL/DAY
TOILET PRODUCT CONTRIBUTION:
.25 GAL OF TOILET PRODUCT PER DAY PER PERSON
.25 x 250 = 62.5 GAL OF TOILET PRODUCT PER DAY

TOTAL TOILETS TO COMPOST: 312.5 GALLONS/DAY
312.5 GALLONS/DAY < 10,000 GALLONS/DAY
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DP
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TYPE I SLUDGE
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•Dilution with Bulking Agents: Using "clean" bulking 
agents like wood chips or ground brush can dilute the 
concentration of PFAS in the final compost product.

•Source Control: Because there are no effective removal 
methods for compost, the most reliable strategy is to 
prevent PFAS-containing materials from entering the 
system.
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•Dilution with Bulking Agents: Using "clean" bulking 
agents like wood chips or ground brush can dilute the 
concentration of PFAS in the final compost product.

•Source Control: Because there are no effective removal 
methods for compost, the most reliable strategy is to 
prevent PFAS-containing materials from entering the 
system.
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NET ZERO WATER CHALLENGE

VISION:

EVERY APARTMENT BUILDING IS 
CONNECTED TO A FARM

SHORT TERM GOAL:

AQUIRE A FARM AND AN APARTMENT 
BUILDING IN EACH STATE TO DO THIS 

WORK
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